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Abstract

Dry land irrigation farming practises has remained critically important in
supplementing nation’s food security during dry season and household income for
many rural farmers as well as poverty reduction and other various indirect benefits
(employment and economic growth). Despite successful stories in the dry land
irrigation farming schemes in South Eastern, Tanzania; the sector has been facing
many challenges including the effects of climate variability. Therefore, understanding
how the vulnerable and resilience dry land irrigation farming is to the adverse effects
of climate change impacts, is critical for reducing vulnerability and enhance adaptive
capacity of irrigation farmers. In particular, this thesis examine how irrigation farming
schemes are exposed to the adverse effects of climate change variability and how
irrigation farmers are responding, adapting and coping with the ongoing changes so to
enhance food security, socio-economic development and mitigate the adverse effects
of climate change impacts. Other factors making irrigation farming sensitive to
climate change impacts and different livelihood diversification options used as coping
strategies have been addressed as well.

A mixed-method approach, involving qualitative and quantitative methodology for
data collection, was adopted. In this study, main techniques for primary data
collection were questionnaire survey, key informant interviews, focus group
discussions and participant observation in the field. A sample of 187 irrigation
farmers and 5 key informants and 24 people participated in focus-group discussions
making a total of 216 individuals. Secondary data were obtained through documentary
review and data were analysed both qualitatively and quantitatively. Secondary data
analysis shows a decreasing trend of rainfalls with unpredictable pattern while
temperature data indicates an increasing trend.

Findings from respondents and interviews indicate that the dry land irrigation farming
schemes are exposed to climate variability in terms of increasing extreme
temperature, inconsistency periods of dry spells and strong winds which cause
excessive evaporation and crop wilting. The majority of the farmers revealed that the
farming scheme is very sensitive due to increased crop wilting and decreased soil
moisture (extreme temperature) and unfertile soil due to water stagnation (heavy
rainfall) and salt accumulation (excessive evaporation). As the dry land farming
schemes become more vulnerable to climate change so do farmers respond and adapt
to these changes. Irrigation farmers have also been changing their farming practices
overtime through soil and water conservation practices, planting crop varieties to
withstand drought condition; changing cropping pattern and engaging in various
socio-economic activities to diversify their income sources. Interventions options such
as water harvesting technology, farm skills training, improved farming, ready market
for fresh produce, and agricultural subsidies are recommendable to both stakeholders
for the improved and sustained dry land irrigation farming schemes so as to enhance
food security and income of farmers as well as socio-economic development.

Key words: Dry land farming schemes, climate change, impacts, vulnerability,

adaptation, coping strategies, resilience.
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CHAPTER 1: INTRODUCTION
1.0 Introduction
1.1 Background

Worldwide, agricultural industry has been known to enhance food security and
support socio-economic growth in many developing nations (FAO, 2006; IFAD,
2007; Mary and Majule, 2009). For example, Viet Nam went from being a food-
deficit country to the second largest rice exporter in the world, largely by developing
its smallholder farming sector. In Ethiopia, agricultural sector which is largely
dominated by small scale, mixed crop, and livestock farming is the mainstay of the
country’s economic growth. According to Deressa et al. (2008); the sector constitutes
more than half the Ethiopia’s gross domestic product (GDP), generates more than
85% of the foreign exchange earnings, and employs about 80% of the population. In
Africa alone, the industry accounts for 65% of full-time employment, 25-30% of
GDP, and over half of export earnings (Brown et al. 2008). Despite these successful
stories; the sector has been faced with many challenges including effect of climate
variability. Evidence shows that Africa is more vulnerable because 80% of its
population depends on rain-fed agriculture for food and other livelihood needs (Sanga

etal. 2013).

Countries in Sub-Saharan Africa are particularly vulnerable to climate change
impacts, because of their vulnerability and limited capacity to adapt. Most local
farmers in Sub-Saharan Africa have been facing many challenges in agricultural
production including water scarcity in semi-arid areas (Tafesse, 2003). For example,
in Tanzania agricultural activities depend entirely on rainfall and in most rural areas it
is undertaken by local farmers who cultivate food and cash crops on marginal lands.
In most cases due to availability of arable land; agricultural activities are carried out
in semi-arid areas that receive less than 800 mm of rainfall per year (Shao, 1999;
URT, 2007). The GoT, FAO as well other researchers are emphasizing on
advancement in agricultural production through irrigation farming systems (Mehmet
and Bigak, 2002; Mary and Majule, 2009; URT, 2009; FAO, 2011). The irrigation
farming systems such as dry land irrigation farming schemes is a practise that utilizes

water from rivers or wetlands to sustain agricultural food production by using local
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techniques and materials (URT, 2005). According to ASDP Task Force Working
Group Report (Irrigation Development in Tanzania), there are three types of
smallholder irrigation systems operating under small-scale schemes namely traditional
irrigation schemes; improved traditional irrigation schemes and water harvesting
schemes (URT, 2005). Most of these smallholder irrigation farming schemes in
Tanzania are conducted during dry season practised by local farmers. These schemes
are characterised by temporary diversion weirs, which often get washed away by
floods during heavy rainfall and have to be reconstructed at the end of each rainy
season (URT, 2005). The irrigation canals use local materials to control the flow of
water and the canals are lined with earth materials which increase losses of water
through infiltration and evaporation. In Tanzania, studies have shown that there are
several types of dry land irrigation farming schemes such as Ndiwa Irrigation Scheme,
common in Lushoto (Sokoni and Shechambo, 2005); Vinyungu Irrigation Scheme,
common in Iringa (Mkavidanda and Kaswamila, 2001; Majule and Mwalyosi, 2003)
and Ndiva Irrigation Scheme, common around Mwanga and Same Districts (Ikeno,

2011).

Most of dry land irrigation farming schemes though practised under small scale
irrigation farming systems using local methods; these farming schemes have proved
to be more beneficial and important in increasing food security and enhancing
livelihoods (income) in most arid and semi-arid of rural areas during dry season
(Mkavidanda and Kaswamila, 2001; Majule and Mwalyosi, 2003; Kaswamila and
Masuruli, 2004; Sokoni and Shechambo, 2005). Nevertheless, low rainfall received
annually in semi-arid and arid areas severely constrain this type of agricultural
activities due to unpronounced or prolonged dry season which drastically reduces
crop yields. The problem of low rainfall semi-arid and arid regions is always
aggravated by climate variability (erratic and extreme weather condition such as
drought and floods which threatens local farmers (Mary and Majule, 2009; Kotir,
2010; Gitz and Meybeck, 2012). These susceptible conditions affect dry land
irrigation farming schemes and their livelihood survival through exposure, stress and
risk to climate change impact (Malone, 2009; Pasteur, 2011). However, local farmers
also through their own knowledge and skills have developed resilience mechanisms
(responding and copping to the adverse effect of climate change) in order to

counteract these effects and sustain their farming system throughout (Lankford, 2003;
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Cooper et al. 2008). To address these challenges facing dry land irrigation schemes
(farmers) in the face of climate change and understand the available opportunities; a
careful understanding of how vulnerable the dry land irrigation farming schemes is to
climate change and what is the ability of local farmers to respond and cope to these
changes; is of paramount importance for enhancing food security, socio-economic

development and mitigate climate change impacts.

1.2 Problem Statement

In many developing nations small scale irrigation farming systems have been known
to enhance food security and support socio-economic growth (Mehmet and Bigak,
2002; FAO, 2006; Majule and Mwalyosi, 2003; IFAD, 2007). For example, in
Tanzania where there is availability of water sources (e.g. river basin/wetlands); dry
land irrigation farming schemes have been documented to increase productivity and
income during dry season since food crops such as vegetables fetch higher price
during this time of the year (Mkavidanda and Kaswamila, 2001; Majule and
Mwalyosi, 2003; Kaswamila and Masuruli, 2004; Sokoni and Shechambo, 2005). As
dry land irrigation farming schemes seen as a potential measures of supplemental
moisture/water supply for crop production during dry season (Majule and Mwalyosi,
2003; Ikeno, 2011); so does the farming schemes been faced with problem of water
scarcity and variability in rainfall due to climate change (Ikeno, 2011; Mutui et al.
2012; Kristjanson et al. 2012). The impacts of climate change have affected the
already existing country’s agricultural production upheaval and will continue to
render the industry more vulnerable to other challenges. For example, the country has
about a total of 29.4 million ha suitable for irrigation but only 144,000 ha are under
partial or full irrigation farming systems (URT, 2009). Out of 144,000 ha suitable for
irrigation only 120,378 ha is under traditional small scale irrigation schemes such as
dry land irrigation farming schemes (Mkavidanda and Kaswamila, 2001); which
signifying the importance and contribution of dry land irrigation farming schemes to

national food security and livelihoods in most rural areas.

Several studies have documented various problems threatening dry land irrigation
farming schemes such as deforestation and soil degradation (Banzi et al. 1992); water

scarcity (Hanjra and Qureshi, 2010); climate change impacts (Reid, 2008; Kangalawe
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et al. 2011); changes in river hydrology and its impacts (Lankford, 2003);
vulnerability and resilient to climate change (Ekblom, 2012; PROLINNOVA, 2012;
Tropentag, 2012). However, the lessons on vulnerability and resilience vary across
areas with similar biophysical systems (Ekblom, 2012; Gitz and Meybeck, 2012). In
Tanzania, few studies have been conducted on the vulnerability and resilient of
irrigation farming schemes to climate change (Mahoo, 2009; Mary and Majule, 2009);
however the best practices (lessons) need in-depth analysis using farmers knowledge
and experience so as to incorporate many factors such as geographical condition,
socio-economic and cultural differences. Specific, how dry land irrigation farming
schemes is exposed (vulnerable) to the adverse effects of climate change impacts and
how irrigation farmers are responding and coping (resilience) at farm level needs to
be studied and well understood so as to continue improve agricultural productivity

and sustain local livelihoods and this is the aims of the research study.

1.3  Objectives of the Research Study
1.3.1 General objective

The general objective of this research was to study and understand how vulnerable
and resilient dry land irrigation farming schemes are against climate change in the

selected villages of Ruvuma Basin, Tanzania.

1.3.2 Specific objectives of the research study

The specific objectives of this research were:-
i. To identify different dry land irrigation farming schemes used.
ii. To assess the vulnerability of dry land irrigation farming schemes.
iii. To assess the resilience of dry land irrigation farming schemes.
iv. To provide recommendation on adaptation options and coping strategies to

climate change impact.
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1.4 Research Questions

Dry land irrigation farming schemes in most arid and semi-arid of Sub-Saharan Africa
faces major problems (Tefesse, 2003; Gitz and Meybeck, 2012). To add up on this,
the impacts of climate change have already imposed unpredictable and enormous
consequences. This calls for an urgent necessary action to address the problem. The
major research questions for this study are as follows:-

i.  What are the susceptible conditions (agro-ecological changes) that affect dry
land irrigation farmers and their farming schemes in the face of climate
change?

ii.  What are the response local farmers use to mitigate climate change impact?
Or what are emmerdiate creative response mechanisms developed by local
farmers to counteract the effects of climate change?

iti.  What are different adaptation options and coping strategies that irrigation

farmers can use to encounter adverse effects of climate change impacts?

1.5 Scope of the Study Area

The study was conducted along the Ruvuma River and Southern Coast Basin Water.
The river basin is shared between Mozambique, Tanzania and Malawi (Figure 1)

where the lower course of the river is mostly found in Mtwara region.
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Figure 1.1: Map of Ruvuma River and Southern Coast Basin (Source: MoW, 2015).
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The river is perennially fed by the headwaters of its chief tributaries of the
Lucheringo, Likonde and Lugenda rivers in Mozambique, and from the Matagoro
Mountains in southeastern Tanzania. Major tributaries on the Tanzanian side are
Likonde, Muhuwesi and Lumesule. The study was confined along the Ruvuma River
Basin, Mtwara and Lindi region in Tanzania. The sample areas (2 villages) were
selected in Mtwara Rural District, Lindi Rural District and Ruangwa District. The
River Basin is endowed with abundant resources (rich in fertile soils, minerals, water
and diverse vegetation) which have contributed much to the national income and local
livelihoods. Small scale farmers along the river basin have been practising local
farming such as dry land irrigation farming schemes using varieties of local

knowledge systems.

1.6 Definitions of Key Concepts

“Adaptation” is the adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities (IPCC, 2014).

“Adaptive capacity” (in relation to climate change impacts) The ability of a system
to adjust to climate change (including climate variability and extremes) in order to
moderate potential damages, to take advantage of opportunities or to cope with the
consequences (IPCC, 2007).

“Climate change” refers to any change in climate over time, whether due to natural
variability or as a result of human activity (IPCC, 2007).

“Climate variability” refers to variations in the climate at all temporal and spatial
scales beyond that of individual weather events (IPCC, 2014).

“Drought” refer to deficiency in rainfall, soil moisture, vegetation greenness,
ecological conditions or socioeconomic conditions, and different drought types can be
inferred. There are a number of classifications for drought according to its physical
aspects namely, Meteorological, Hydrological and Agricultural (Bacanli et al. 2011).
“Meteorological drought” occurs when the seasonal rainfall received over an area is
less than 75% of its long-term average value. If the rainfall deficit is between 26-50%,
the drought is classified as 'moderate’, and 'severe' if the deficit exceeds 50%.
“Agricultural drought” occurs when there is insufficient soil moisture to meet the

needs of a particular crop at a particular point in time (Hatibu et al. 2000).
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“Hydrological drought” is a deficiency in surface and sub-surface water supply. It is
measured as stream flows and also as lake, reservoir and groundwater levels (Mishra
and Singh, 2010).

“Dry land irrigation farming systems” is the farming practice in which farmers
harness water from rivers, wetlands, ponds or rainfall to produce both food and cash
crops during dry season at subsistence level using traditional irrigation techniques
(Mkavidanda and Kaswamila, 2001).

“Irrigation” is any process other than natural precipitation which supplies water to
crops, orchards, grass or any other cultivated plants (Stern, 1989).

“Vulnerability” is the propensity or predisposition to be adversely affected (IPCC,
2012). It is a degree to which a society or a socio-environmental system is unable to
cope with adverse effects as a result of being exposed to any shock/stress. It is a
dynamic concept, varying across temporal and spatial scales and depends on
economic, social, geographic, demographic, cultural, institutional, governance and
environmental factors. Similarly, [IPCC (2014) defines vulnerability as degree to
which a socio-ecological system is susceptible to or unable to cope with, adverse
effects of climate change, including climate variability and climate extremes. It is the
propensity or predisposition to be adversely affected and it encompasses a variety of
concepts and elements including sensitivity or susceptibility to harm and lack of
capacity to cope and adapt.

For the purposes of this study; vulnerability has been described by studying the
effects of climate change impacts (extreme climatic events such as temperature and
rainfall variability) on a socio-ecological systems (dry land irrigation farming
schemes) and its (in) ability of a systems or people (dry land irrigation farmers) to
cope with the stress/disturbance (stressors) along the Ruvuma Basin in South Eastern
Tanzania.

“Resilience”:- “a measure of the persistence of socio-ecological systems and their
ability to absorb changes and disturbances and still maintain the same relationships
between populations or state variables” (Holling, 1973). In order to fully understand
the rationally behind the vulnerability and resilience theory, there are number of
crucial concepts that needs to be defined and understood in a local context. Some of
these concepts include sensitivity, susceptibility, variability, thresholds, the ability

and adaptive capacity, and transformability.
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1.7 Outline of the Thesis

This research study is organised in ten chapters. The first chapter in this thesis
explains the problem and its context in which it introduces the thesis by providing
background information; statement of the problem, objectives as well as scope and
significance of the study are given here. The second chapter is on climate change
impacts, vulnerability and resilience of dry land irrigation farming schemes. The
chapter provide an overview of agricultural production and irrigation farming from
the global perspective, African continent and Tanzania in particular. Several
challenges affecting agricultural production and irrigation farming are described here,
including vulnerability (exposure) and adaptive capacity of small-scale farmers.
Research gap, was contextualised here with aim of developing a pathway for
developing conceptual framework. Chapter three presents the conceptual framework
and key concepts by analysing key variables that were considered in this research.
Through conceptual framework, research methodology followed in chapter four. This
chapter provides details on the approach to research design, data collection, analysis
and presentation of data. It also presents details of the study area in South Eastern
Tanzania where the research took place in six villages. From chapter five to nine,
different study findings were presented and discussed. Chronologically, these includes
the State of local climate and climate change impacts; Overview of dry land irrigation
farming in the study area; Irrigation farmers perception on climate change impacts in
the study area; Vulnerability of dry land irrigation farming schemes and Resilience of
dry land irrigation farming schemes as well as implication on policy and strategic
interventions to reduce vulnerability and enhance farmers long term resilience to
climate change impacts. The final chapter in this thesis presents key findings,

conclusions and recommendations.
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CHAPTER 2: CLIMATE CHANGE IMPACTS, VULNERABILITY AND
RESILIENCE OF DRY LAND IRRIGATION FARMING SCHEMES

2.0 Introduction

The purpose of this chapter is to provide an overview of vulnerability and resilience
of dry land irrigation farming schemes to the impact of climate change. Many features
of the vulnerability and resilience of dry land irrigation farming schemes in this thesis
are introduced and elaborated upon here. The chapter is composed of four broad sub-
sections. The chapter begins with a broad picture of an introduction and overview on
agricultural and irrigation farming practices worldwide and then narrow it down to
describe the agricultural production and irrigation farming practices in Tanzania. It
provides further information on the impact of climate change on irrigation farming
schemes in Tanzania; and description on vulnerability and resilience of dry land
irrigation farming schemes against climate change impact in Tanzania. Finally, in this
chapter, the research gap on vulnerability and resilience of dry land irrigation farming
schemes against climate change impact is introduced with the purpose of elaborating
the need to conduct research and fill the gap by providing relevant information on a
course of action to be followed in constructing a conceptual framework in chapter 3.
The urgent concern over the vulnerability and resilience of dry land irrigation farming
schemes against climate change impact is of vital important considering the equivocal
and volatile nature of the farming practices and its enormous contribution to food
security and household income in many rural areas of Tanzania and particularly along
Ruvuma basin. Although most of the information presented here is from published
and unpublished materials, some information comes from the field research and the

author’s experience in agricultural production and food security issues.

2.1 Overview of Agricultural Production and Irrigation Farming Practices
2.1.1 Global Overview of Agricultural Production

Worldwide, agricultural industry has been known to enhance food security and
support socio-economic growth in many developing nations (URT, 2005b; Mary and
Majule, 2009; Hanjra and Qureshi, 2010; IFAD, 2012; NEPAD, 2013; Devkota et al.
2015). Gollin (2010) adds that although agriculture constitutes rural poor families in

many developing countries; it makes significant contributions to the size of the

9|Page



national economy — accounting for 25-30% of Gross Domestic Product (GDP). For
example, Viet Nam went from being a food-deficit country to the second largest rice
exporter in the world, largely by developing its smallholder farming sector with
agriculture accounting for 20.1% in GDP (FAO, 2005). According to World Bank
(2007); though at a slow pace, agricultural performance in Africa has improved where
agricultural GDP growth in Sub-Saharan Africa has accelerated from 2.3% per year in
the 1980s to 3.8% per year from 2000 to 2005. Similar results were reported by World
Bank, 2015 for other countries where agriculture contribute a sizeable share to the
national GDP (as indicated by GDP in selected LDC-table 2.1).

Table 2.1: Agriculture, value added (% of GDP) from selected LDC.

S/N | Country 2011 2012 2013
1 Bangladesh 17.1 17.1 16.3
2 Indonesia 13.5 13.4 13.4
3 Paraguay 22.3 18.1 21.5
4 Dominica 15.0 14.4 16.3
5 Jamaica 6.6 6.8 7.1
6 Burkina Faso 33.8 354 34.8
7 C. African Republic 53.5 53.9 58.2
8 Kenya 29.3 29.1 29.4
9 Tanzania 31.3 33.2 333

Source: World Bank, 2015

Over 70% of the world’s poor in developing countries live in rural areas and are
directly or indirectly dependent on agriculture for their livelihoods (FAO, 2005,
IFAD, 2012; NEPAD, 2013). The size of the agricultural sector relative to the rest of
the economy in developing countries implies that the growth of the sector has
potential for large direct effects on economic growth and transformation of the
national economy as well as household income for many rural farming communities.
For example, in Sub Saharan Africa (here in after, referred as SSA) alone, agricultural
plays a central role in supporting rural livelihoods and it accounts for 65% of full-time
employment, contributes 25 — 30% of GDP, and over half of export earnings (World
Bank, 2007; Brown et al. 2008; NEPAD, 2013). In Ethiopia for instance agricultural
sector which is largely dominated by small scale, mixed crop, and livestock farming is
the mainstay of the country’s economic growth (Deressa et al. 2008). The sector
constitutes more than half the Ethiopia’s Gross Domestic Product (GDP), generates
more than 85% of the foreign exchange earnings, and employs about 80% of the

population (ibid.). In Nigeria, although the country is endowed with mineral resources
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(for example, oil); agricultural sector contributes about 55% of gainful employment
and almost 40% of the share of GDP (Pingali et al. 2008). The World Bank (2007),
estimates that the population relying on agriculture accounts for 48% of the total

African population (almost 70% in East Africa).

Generally, according to FAO (2009); agriculture is the major economic sector of
many developing countries and most Least Developed Countries (LDC’s) with main
livelihood of 75% of the poor in developing countries. It has remained the primary
source of employment and income in most of SADC’s rural population with small-
scale farmers contributing a large part of the annual yield (Gbetibouo and Ringler,
2009). It is also the major source of government revenue for most SADC countries in
Africa. Chikodiz et al (2012); noted that in Zimbabwe, an estimated 80% of the
population directly depend on agriculture; of this over 60% are small scale farmers.
Most of these success stories in agricultural sector in developing countries have been
contributed by small scale farmers who depend on rain fed agriculture and traditional
irrigation for agricultural production. Parallel to these success stories, agricultural

production has also been face with many challenges as described below.

2.1.2 Challenges Facing Agricultural Production

Despite these successful stories in various parts of the world; agricultural sector has
been faced with many challenges including the effect of climate change and climate
variability. These challenges are more noticeable in most developing countries due to
poor farming practices, lack of technology and resources as well as overdependence
on rainfall (FAO, 2005; Deressa et al. 2008; Kotir, 2010; Fischer et al. 2013). Major
challenges facing agricultural production in SSA are indicated in the table 2.2 below
with rainfall, lack of agricultural inputs and technology act as a leading challenge.

Table 2.2: Major challenges facing agricultural production in SSA.

S/N | Challenge facing agriculture production | Source

1 Overdependence on rainfall Kotir, 2010; Fischer et al. 2013
2 Lack of agricultural inputs Deressa et al. 2008;

3 Poor technological innovation Lowitt et al. 2015;

4 Low crop yield Savini et al. 2016

5 Price volatility and market failure FAO, 2011b

6 Soil pH (acidity and alkalinity) Msaky et al. 2010
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In most developing countries, yields of most crops are still far below their potentials
and the level of modern technology adoption in agricultural production and
processing is still extremely low and far beyond in terms of efficiency (Tittonell and
Giller, 2013). For example, according to EAC (2014); agricultural production and
productivity in the East African Community countries is largely constrained by
natural factors, policy and adoption of technologies as indicated in the table 2.3

below, with nature related and policy factors leading cause.

Table 2.3: Agricultural production and productivity constraints.

S/N | Challenge or Description Other related or
Problem similar sources
1 Nature related Degradation of natural resources Msaky et al. 2010;
factors Climatic and weather variability, Calzadilla et al.
and unpredictability 2008; Kotir, 2010
2 Policy related Governance, legal and regulatory Lankford, 2003;
factors framework, Insecurity URT, 2003b;
World Bank, 2007
Inadequate access to productive Brown et al. 2008;

resources, inadequate participation FAOQO, 2005
of local farmers, unfavourable terms | FAO, 2011b
of trade, price volatility

Poor physical infrastructure and Deressa et al. 2008;
utilities, Weak institutional Mainuddin and
framework, low public expenditure; | Kirby, 2009
3 Adoption of Inadequate research, extension Mercer, 2011;
technologies services and training; and prevalence | Lowitt et al. 2015
of pests and diseases
4 Cross cutting High incidence of poverty; food FAOQO, 2005; IFAD,
and cross- access and nutrition, inadequate 2012; Behrman et al.
sectoral related | social infrastructure; and Gender 2013;
factors imbalances

Source: Adapted and modified, EAC, 2014

The dismal performance of the agricultural sector in SSA is due to long standing
issues and interaction of complex factors such as poor market access and lack of
supporting institutions; low incentives to agricultural intensification; unfavourable
topography; low quality soils and inadequate policy environments; agro-ecological
complexities and heterogeneity of the region (World Bank 2007; FAO 2009; Diao,
2010; Savin et al. 2016). These challenges are exacerbated by impact of climate
change and climate variability which makes agricultural production (already affected

by several factors) a more risk business ever to be undertaken in SSA. And most
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affected people are poor farmers who are exposed and have no resources to adapt and

cope with ongoing changes (biophysical and socio-economic).

Evidence shows that Africa is more vulnerable because 80% of its population depends
on rain-fed agriculture for food and other livelihood needs (FAO, 2011b; Sanga et al.
2013). For many years, agricultural production in SSA has remained highly dependent
on rainfall and limited by technological innovation whereas productive land has been
continuously degraded at an alarming rate reaching a threshold limit. According to
Calzadilla et al (2008); rain-fed farming dominates agricultural production in SSA,
covering around 97% of total crop land, and exposes agricultural production to high
seasonal rainfall variability. Climate change may further undermine attempts to
mobilize the necessary water resources, due to observed reductions in rainfall (Cioffi
et al. 2014), particularly in the lower tropical latitudes (Zhang et al. 2007). Some
experts are predicting further declines in rainfall and amplification of extreme events
(Fischer et al. 2013; IPCC, 2014). On the other hand, land expansion potential has
reached its limits in most agro-ecological zones, urging a rapid shift towards

agricultural intensification type of productivity-led growth (Diao, 2010).

Responsible Ministries in each respective government in SSA’s have been often urged
to shift towards agricultural diversification and intensification (such as irrigation
farming) so as to raise agricultural productivity which have the potential to contribute
positively to growing national economy and reduce poverty (Wold Bank, 2008; FAO,
2011a; NEPAD, 2013). The Food and Agricultural Organization and other researchers
are emphasizing on advancement in agricultural production through irrigation farming
systems (Mkavidanda and Kaswamila, 2001; Mehmet and Bigak, 2002; Reid, 2008;
FAO, 2011a) using rivers or wetlands as sources of water to sustain agricultural food
production and ensure food security for many poor families in rural areas. The use of
fresh water from the rivers, wetlands and other sources to irrigate crops during the dry
season has proved beneficial due to increased chances of crop productivity as well as
supplementing food availability during the dry season (Majule and Mwalyosi, 2009;
Devkota et al. 2015; Ngowi et al. 2015). Thus, irrigation farming is seen as a key to
supplement food production during dry season while enhancing household income

earned through selling excess food and cash crops.
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2.1.3 Overview of Irrigation Farming Schemes

Irrigation farming is an effective way to increase crop production and productivity
that may result into poverty alleviation and food self-sufficiency in many developing
countries (World Bank, 2007; FAO, 2011b). Worldwide, irrigated agriculture
provides about 40% of the world’s food production from 18% of the world’s
cultivated land (Mwakalila and Noe, 2004; World Bank, 2007). About 70% of
worldwide water diverted from rivers or pumped from underground is used for
irrigation farming (FAO, 2011a; Devkota et al. 2015). The irrigated land is far more
productive than rain fed land, and the expansion of irrigation acreage over the past 30
years has contributed to gains in food production and food security (Millennium
Ecosystem Assessment, 2005). For example in India, the 35% irrigated area provides
more than 60% of the food production (World Bank, 2007). Dlamini et al (2014);
adds that small scale irrigation farming practices has been practiced for many years
through the necessity to maximize food supply for humanity. Belay and Beyene
(2013) strengthen that in the contemporary literature, the farming practices are being
recognized as central in increasing land productivity, enhancing food security, earning
higher and more stable household incomes and increasing prospects for multiple
cropping and crop diversification. A study by Angood et al (2003) and Brabben et al
(2004); concluded that small scale irrigation development, resulted in considerable
rural livelihood, food security, and nutritional improvement among the beneficiaries
in Nepal and Bangladesh respectively. In addition, a study by Gebregziabher et al
(2009) using a survey of beneficiaries of selected small scale irrigation farming
schemes in the Tigray region of Ethiopia revealed that household income of irrigation

users was higher than that of non-irrigators by about 50%.

In majority of SSA’s, an opportunity which is yet to be fully exploited is irrigation
farming (FAO, 2011b). Although African continent is endowed with major fresh
water resources, only 6% of the total cultivated land is under irrigation in the
continent, compared to 33% in Asia (World Bank, 2007; FAO, 2011b; Devkota et al.
2015) signalling many challenges facing irrigation sector such as overdependence on
surface water (runoffs from rainfall); droughts prevalent and extreme floods and
temperature as well as technological inefficiency such as dependence on traditional

irrigation (that use crude methods of water extraction). These factors often destroy
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local farmer’s crops and exacerbating food insecurity; however tackling extreme
climatic events (such as frequent dry spell, drought and floods) can improve irrigation
farming and thereby improve yield, household earning and enhancing food security.
Irrigation farming is a key factor to improve agricultural production in dry land areas

and supplement household income and food security during the dry season.

Throughout the world, many forms of irrigation farming practices exist, which calls
the need for outlining the concept explicitly. By definition, irrigation is any process
other than natural precipitation which supplies water to crops, orchards, grass or any
other cultivated plants (Stern, 1989). Unami (2013) explain that, irrigation in general
involves taking water from natural or artificial sources and supplying it to command
areas where crops are grown. The Tanzania National Irrigation Master Plan (2002)
and National Irrigation Policy (2009) defines irrigation as different means of applying
specific amount of water at a particular location in order to meet the requirements of a
crop growing at that location in amounts that are appropriate to the crop’s stage of
growth (URT, 2002; URT, 2009). Irrigation can also mean the application of water in
amounts necessary to bring soil to the desired moisture level prior to crop planting
essential for overcoming water deficiencies during dry season or in areas with low
rainfall. Generally, the application of supplemental moisture (water) to grow crops

particularly during dry season is termed as irrigation farming.

Different scales and types of irrigation farming schemes are being practiced
throughout the world around most of the wetlands and river basins. These irrigation
farming schemes practiced under different scales and types includes large irrigation
farming schemes (Devkota et al. 2015); medium and small scale irrigation farming
schemes (Gbetibouo and Ringler, 2009) as well as traditional (local) irrigation
farming schemes (Majule and Mwalyosi, 2003). For the purpose of this study,
traditional (local) irrigation farming schemes at a very small scale (0.4 ha to <I ha)
were considered focusing on individual farmers around Ruvuma Basin, South Eastern
Tanzania. The majority of the irrigation farming schemes carried out in the study
areas are small scale farming schemes employing local tradition methods of farming
and generally depending on surface water (collected runoffs from rainfall) for
irrigating crops. For example, FAO (2011a) noted that both small scale and traditional

irrigation farming schemes (covering 7.3 million ha) around Nile Basin are highly
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dependent on the availability of stored water from Nile River. Similar findings were
observed in Bangladesh where about 80% of farm holdings are small farms,
cultivating on average only 0.08 ha - 0.3 ha with majority of them being marginal
farmers depending on irrigation farming to supplement their agricultural production

(Angood et al. 2003).

Small scale and traditional irrigation farming schemes throughout the world have
been known to improve agricultural productivity, enhance food security and increase
earning of the local farmers while providing much indirect employment and
contributing to economic growth via food supply chain and multiplier effect. Various
reports indicate that at the village level, small scale irrigation provides higher and
more stable employment and the poor are the major beneficiaries (Sokoni and
Shechambo, 2005; Pingali et al. 2008; Liwenga et al. 2012). Eneyew et al. (2014) in
their study of the role of small scale irrigation in poverty reduction in Ethiopia
observed that irrigation development improved household income and contributed to
poverty reduction. In Central Asia, more than 70% of the rice is produced in rice—
wheat systems in the irrigated lowlands of the Amu Darya and Syr Darya river basins
(Devkota et al. 2015). Wherever practiced sustainably, small scale irrigation farming
has proved to play a central and dynamic role in the improvement of rural livelihoods
through provision of household income while enhancing food security during the dry
season. The process of irrigating crops as potential measures of supplementing
moisture/water supply during the dry season has also successfully tested for higher
crop productivity in smallholder farming of the semi-arid world (Taffese, 2003;
Fischer et al. 2013; Gomo et al. 2014; Devkota et al. 2015). In various literature
studies, the irrigation farming schemes have been identified as an alternative in
resolving many developing countries’ present food crisis (IFAD, 2007; Dlamin et al.
2014) by providing better water control which, consequently results to significant
increase in agricultural production and improved rural livelihoods (Kaswamila and

Masuruli, 2004; Kulkarni, 2011; Liwenga et al. 2012; Kihupi et al. 2015).

In general, small scale irrigation development brings a range of potential benefits at
local, regional and national level. It contributes to economic growth by generating
export crops, reducing imports and thus saving foreign exchange and increasing home

food supplies, which may lead to lower prices (Brabben et al. 2004; Gebregziabher et
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al. 2009; FAO, 2011b; Devkota et al. 2015). Other scholars add that the poor in
general benefit through a trickledown effect through lower food prices (Brown and
Gibson, 2008), more secure supply of food at reasonable prices (Angood et al. 2003)
as well as indirect income earning via agricultural food value chain such as vegetable
products (Eshetu et al. 2010). In many countries the farming practices has played a
major role in eliminating food insecurity nation-wide while increasing household
earning for the majority of the poor farmers. Small scale irrigation farming can also
increase the level of resilience for farming communities by reducing rural-urban
migration, or discourage unsustainable land use practices, such as shifting cultivation
and forest degradation which are important key element for combating climate change
and fostering economic development (Deressa et al. 2008; Gitz and Meybeck, 2012).
Despite playing a key role in enhancing food security and household income as well
as economic growth in many rural families, irrigation farming practices have been

faced with many challenges too as described below.

2.1.4 Challenges Facing Small-scale Irrigation Farming Schemes

Small scale irrigation farming schemes often function as a development ‘pole’ in rural
areas, where supplemental increased output and income earning can be achieved
during the dry season (World Bank, 2007; FAO, 2011b). Kangalawe et al. (2011) and
Sanga et al. (2013) noted similar findings in Tanzania along the Great Ruaha and
Pangani River Basin respectively. Although the farming practices contributes to
increased food security and household incomes for many rural poor families; various
studies conducted on small-scale irrigation farming schemes revealed that the
practices is also affected by many factors such as climate variability (for example,
increased temperature) and soil salinity due to excessive evaporation which affects
crop performance at farm level. Other scholars have indicated various challenges
through different literature sources (Table 2.4 below) with extreme temperatures and
poor land use/farming practices ranked first while hidden cost (land preparation,
seeds, pesticides, transport) and health related problems such as infectious diseases

(e.g Bilharzia) taking last position.
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Table 2.4: Challenges facing small-scale irrigation farming

S/N | Challenges facing irrigation farming Source

1 Extreme temperature and dry condition Mutui et al. 2012

2 Poor land use changes and poor farming practices Liu, 2016

3 Unsustainable irrigation water withdrawals Rockstrom et al. 2010
4 Low technological innovation Mercer, 2011

5 Poor technological innovation and adoption Lowitt et al. 2015

6 Increasing water effluents-use of manure, pesticides | Etteieb et al. 2015

7 Water logging and health problems Jaleta et al. 2013

8 Hidden costs, public health impacts IUCN, 2014

These challenges affect the farming practices at different levels of household or
farming during vegetable production in dry season. Different number of factors (both
internal and external) affects irrigation farming disproportionately which impacts
households’ farm productivity and income earned. These factors exposes irrigation
farming to other set of factors that makes it more vulnerable. For example, in their
paper on irrigation and water use efficiency in Sub-Saharan Africa; Kadigi et al.
(2012) argues that although SSA has ample water resources some of the past schemes
have failed due to poor planning, patchy consultation and insufficient maintenance.
Similar findings were also reported in traditional and small scale irrigation farming
schemes around major river basins in Tanzania (Sokoni and Shechambo, 2005; Shetto
et al. 2007; Mary and Majule, 2009; Kangalawe et al. 2011). Other factors include
market failure, lack of support from the government, health (increased incidence of
water-related diseases) and the environment such as water logging and soil salinity
(Angood et al. 2003). Makombe et al. (2007) and Msaky et al. (2010) observed that an
increase in soil salinity from time to time in irrigated farms as compared to rain fed
agriculture is a major problem thus affecting agricultural productivity around

irrigating communities.

Although small scale irrigation farming schemes are affected by many factors as
stipulated above, closer examination at local level is necessary since every location
has different geographical settings as well as socio-economic, cultural and political
aspects which have both positive and negative attributes to irrigation farming
practices. For example, crop productivity in many parts of developing countries and
particularly Africa is limited primarily by nutrient rather than water availability

(Tittonell and Giller, 2013; Gomo et al. 2014); smallholder crop production is often
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oriented to both consumption and the market (Angood et al. 2003; Beyal and Beyene,
2013); the integration of cropping and livestock activities is already a common
denominator to many of these systems (Kristjanson et al. 2012). Angood et al. (2003)
and Beyal and Beyene (2013) in their research study argue that in densely populated
regions, green manures or agro-forestry practices do not always fit the needs and
possibilities of every smallholder farmer. This indicates that there is a greater
diversity among rural farming communities, which calls for a closer examination and
an in-depth understanding of each irrigation farming schemes. Therefore, small scale
irrigation farming schemes in each rural areas of Africa needs a ‘uniquely local’
strategy for the sustainable farming practices while capitalising on ecological
processes and ensuring efficient use of scarce agricultural inputs (Tittonell et al.

2011).

In regards to the above call, Tanzania can also develop a local strategy for sustainable
irrigation farming practices through assessing the vulnerability and resilience of
irrigation farming practices and thereby provide a way forward to all stakeholders
involved in irrigation farming so as to enhance local farmers earning, improve food
security and economic growth while conserving the environment. Hence, whether
affected by internal or external factors; small scale irrigation farming schemes still
constitutes the backbone of smallholder farmers in many rural areas of Tanzania and
contribute immensely to the national economy. Therefore, the genuine positive
aspects (benefits) that surround small scale irrigation farming schemes (such as dry
land irrigation farming schemes) and their ability to sustain Africa’s food security and
household income during dry season is yet another self-evident to support the
importance of the farming practices for sustaining the future generation. In this
regard, the fundamental questions being raised is what is the vulnerability and
resilience of dry land irrigation farming schemes against climate change impacts? The
nature of exposure and sensitivity will be discussed later in the section 2.4 and 2.5

respectively (vulnerability and resilience on dry land irrigation farming schemes).
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2.2 Overview of Agricultural Production and Irrigation Farming in Tanzania.
2.2.1 Overview of Agricultural Production in Tanzania

Agricultural sector is the foundation of the Tanzanian’s national economy where it
plays an important role in poverty reduction particularly in rural areas (MAFSC,
2012). The sector provides livelihoods to more than 80% of the population in
Tanzania most of them living in rural areas (MAFSC, 2012) and it’s the main pillar to
food security at the household and national levels (Mnenwa and Maliti, 2010).
Agricultural production is undertaken by small-scale subsistence farmers which
comprise more than 90% of the farming population, with medium and large-scale
farmers accounting for the rest. The agricultural sector in Tanzania accounts for more
than 25% of GDP and provides 85% of exports while employing about 80% of the
work force (MAFSC, 2012). On average, crop production contributes about 19.0% of
GDP and grows at 4.1% (MAFSC, 2012; URT, 2012) while livestock production
contributed about 5.9% of the GDP. According to Tanzania National Food Survey,
2012; food crop production account for about 65% of agricultural GDP while cash
crops account for about 10%. Maize is the most important crop accounting for over
20% of total GDP. The importance of agricultural production is amplified through

backward and forward linkage effects both at local, regional and national level.

Though at a very slow pace, the average annual agricultural growth grew-up from
2.1% in 1980’s to 6% in 2004 (ASDP, 2013). The rate of growth in agriculture is
higher than the average annual population growth rate of 2.9%, implying growth in
incomes particularly of rural household farmers. The sale of agricultural products
(such as food and cash crops, livestock and fish products and other earning and
business) accounts for about 70% of rural household incomes. According to MAFSC
(2012); the major crops for export include coffee, cotton, cashew nut, sesame,
tobacco, sisal, tea, cloves, oil seeds, spices and flowers whereas major food crops are
maize, sorghum, millet, paddy, wheat, sweet potato, cassava, pulses and bananas.
Crops such as rice, maize and wheat are also imported to supplement food shortages

in periods of harsh condition such as droughts or low yields.

Tanzania is endowed with abundance land resources, however out of 94.5 Mha of

land, only 44 Mha classified as suitable for agriculture (MAFSC, 2012). Recent
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reports show that only 10.1 Mha (23%) of the arable land is under cultivation (URT,
2005b; MAFSC, 2012; ASDP, 2013). According to URT (2008) and URT (2010);
despite all the achievements in agricultural sector; the sector has been faced with
major constraint such as low land utilization and productivity due to application of
poor technology (ICRISAT, 2003), dependence on local knowledge farming systems
and unreliable and irregular weather conditions (URT, 2007). The low land utilization
has been dominating the industry where smallholder farmers (peasants) cultivate an
average farm sizes of between 0.9 ha and 3.0 ha each (Kilemwa, 1999; FAO, 2006
and URT, 2012) while relying on local farming methods (hand-hoe) and rain-fed
agricultural farming systems (ASDP, 2013). It is estimated that the average per capita

land holding for majority of smallholder farmers is only 0.12 ha.

According to Shetto and Owenya (2007); agricultural yields in Tanzania are generally
low - for example, averaging below 1 t/ha for maize and 2.5 t/ha for rice paddy.
Yields have been mostly stagnant for the last ten years and agricultural productivity
gains have been based more on the expansion of cultivated land, which is one of the
major drivers of deforestation and land degradation in the country. Findings from
Shetto and Owenya (2007) in three selected districts in Northern Tanzania shows that
low yield has been contributed by factors such as low and generally declining soil
fertility, soil and water loss through erosion, drought, erratic and unreliable rainfall.
Furthermore, Kakeya et al. (1998) observed that conventional farming practices such
as burning or removing crop residue and intensive tillage coupled with climate change
often make these problems worse. The Millennium Ecosystem Assessment (2005)
concludes that the on-farm productivity (for the majority of the Tanzania local

farmers) is limited both by the challenging hydro-climate and by land degradation.

Despite these challenges, local farmers and GoT (through Ministry of Agriculture,
Food Security and Cooperatives) as well as various actors/stakeholders have
developed various strategies and program to safeguard agricultural production and
improve productivity and income earning of the local farmers. According to ASDP
(2013); some of the strategies include improved farming, agricultural intensification
and irrigation farming. These strategies and various initiatives to advance towards
sustainable agriculture development within the sector have shown promising results

by enhancing research and extension services (ASDP, 2013; MAFSC, 2012) while
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increasing on-farm productivity and income earnings for many rural farmers. Current
government initiatives, such a Kilimo Kwanza Programme (Agricultural First
Initiatives) and the Southern Agricultural Growth Corridor (SAGCOT) have tested
several projects in efforts to address some of the challenges mentioned above and
contribute to sustainability in agricultural production and economic growth. One of
the Kilimo Kwanza initiative’s aim is to increase irrigated area from 227, 000 ha in
2002 to 7 million ha by 2017 and improve paddy yields from 1.8 t/ha to 8 t/ha by
2015 (MAFSC, 2012). These programmes have been initiated by the GoT through the
Ministry of Agriculture, Food Security and Cooperatives in efforts to modernize and
improve agricultural productivity and increase earnings while conserving the

environments in the country especially in rural areas.

The Kilimo Kwanza Programme was initiated for overthrowing failure that existed in
agricultural sector with its major objectives to transform subsistence farming (small
scale) to commercial agriculture; sensitize local investors to engage in large scale
commercial farming and adding value to existing agricultural production system
(URT, 2008; URT, 2009; MAFSC, 2012). However, inadequate implementation
capacity and lack of investment capital for local farmers to buy agricultural inputs
needed for mechanized agricultural farming systems such as improved traditional
irrigation and medium and large scale irrigation farming; has resulted into serious
failure in implementation of the programme at local level. In most cases, local farmers
continue to use local methods (such as hand-hoe) in agricultural production in rural
areas during rain seasons and supplement their harvest and income during dry season

by relying on irrigation such as dry land irrigation farming schemes.

Generally, several factors have contributed to the modest performance of the
agricultural sector in Tanzania. Among the major reasons for failure has been heavy
dependence on rain-fed agriculture and climate variability, use of hand hoe and low
level of mechanization for most of the Agricultural operations (URT, 2009). This list
of challenges facing Tanzania’s agriculture and farmers is not exhaustive. However,
these challenges can be solved if the factors exposing different units of agricultural
production to vulnerable condition can be identified and effectively addressed by
extension and advisory services through accommodating various local farmers’

adaption strategies.
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2.2.2 Irrigation Farming Practices in Tanzania

There is growing evidence and concern within and beyond the scientific community
that agricultural food production and food security will be additionally threatened by
global environmental change (GEC) especially for rural poor who depends on rain-fed
agriculture (World Bank, 2007; Calzadilla et al. 2008; FAO, 2009; IFAD, 2012;
ASDP, 2013; Devkota et al. 2015). In Tanzania, more than 80% of the population
resides in rural areas depending solely on rain-fed agriculture as a means of
livelihoods (Mnenwa and Maliti, 2010; MAFSC, 2012). This results into low seasonal
crop yield and poor productivity which reduces the potential harvest and income of
many poor farmers in rural Tanzania. Thus, irrigation farming is the only viable
option for ensuring sustained food availability throughout the year while generating

enough needed income for the majority of the poor families in the rural areas.

The National Irrigation Master Plan (2002) and National Irrigation Policy (2009);
strengthen that irrigation farming practice is one of the effective means in increasing
and stabilising food and cash crop production and productivity for curbing food
shortages and increasing export of cash crop and its products. This will not only
increase crop productivity but also increase farmers earning as well as creating many
indirect job and contribute to economic growth. In order to support and implements
various policy and programmes related to agricultural production, the Tanzania
National Strategy for Growth and Reduction of Poverty — NSGRP (2005b) provide
similar goals and targets of improving food availability and accessibility under cluster
I. One of the NSGRP’s strategies is to develop irrigation in the country by increasing
area under irrigation and promote water use efficiency in irrigation schemes and
encourage utilization of low cost technologies. The NSGRP goal is to cut food
insecurity from 27% in 2000/01 to 14% in 2010 and to double agricultural growth
from 5% in 2002/03 to 10% in 2010 (ASDP, 2013). The Kilimo Kwanza Initiatives
and SAGCOT gives the core strategic direction for the agricultural sector, including
priority to irrigation development with an emphasis on smallholder traditional
irrigation schemes that are based on run-of-river and rainwater harvesting

technologies (MAFSC, 2012).
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In Tanzania, most of the irrigated areas are under surface irrigation, mostly used by
smallholders (traditional irrigation) whereas utilization of groundwater covers only
0.2% of all irrigated areas (MAFSC, 2012). Keraita (2011) and Evans et al. (2012);
describe that water distribution for irrigation in the country is usually by lined and
unlined canals, and furrows while wetland and basins irrigations are widely used.
Sprinkler and drip irrigation is not common amongst smallholders and it’s only used
by few large-scale commercial farmers. With numerous rivers, lakes and underground
water resources, Tanzania has huge potential for irrigated agriculture. Within the
country, of the total arable land area available, 29.4 Mha have varying degree of
development potential for irrigation (NIMP, 2002). According to NIMP (2002) cited
in Evans et al. (2012) and ASDIP (2013); it is estimated that out of 29.4 Mha, 2.3
Mha (7.8%) have a high development potential, 4.8 Mha (16.3%) have medium
development potential, and 22.3 Mha (75.9%) have low development potential land
for irrigation. The total area currently under irrigation is less than 0.5 Mha, of which
only 0.4 Mha (1.2% of the total irrigation potential area) has good irrigation
infrastructure, while another 0.1 Mha is still under traditional irrigation practice
(Evans et al. 2012; ASDIP, 2013) signifying the importance of developing small scale

and traditional irrigation schemes.

The NIMP (2002) sets a more realistically achievable development program and
target that 405,421 ha covering 626 smallholder’s schemes will be developed for
irrigated agriculture by 2017 compared to 191,922 ha that were developed as of June
2002 (Table 2.5). This was initiated to help to improve productivity of smallholder
farmers and ensuring the livelihoods in most rural areas as well as contributing to the

country’s food security.

Table 2.5: Irrigation Development Plan 2002-2017 as indicated in URT, 2002.

Type of water management Existing New Development | Total in
2002 (ha) until 2017 (ha) 2017 (ha)

Traditional and Improved 148,141 126,524 274,665

traditional

New (modern) small holder 35,847 26,734 62,581

schemes

Water harvesting 7,934 60,241 68,175
Total 191,922 213,499 405,421
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According to URT (2011); irrigation farming scheme means the area where crops are
grown under irrigation through any method including flood recession; gravity or
pump fed canal systems supplying either surface or groundwater; water harvesting
and pressurised systems such as drip and sprinkler. Irrigation schemes include
traditional schemes, rehabilitated or upgraded schemes, new smallholder investment
and purely private commercial investment. Several types of irrigation farming
schemes exists around the country, however the common types of irrigation identified
by National Irrigation Master Plan (2002); District Irrigation and Water Harvesting
Support Project (2005a) and Tanzania National Irrigation Policy (2009) are as
follow:-

i. Small, Medium and large commercial irrigation farms:- The small scale
irrigation schemes covers up to 500 ha; medium scale irrigation schemes
covers an area between 500 ha and 2000 ha; while large scale irrigation
schemes consists of an areas of over 2000 ha.

ii. Traditional irrigation farming schemes:- Including variety of schemes such as
community river diversion. They are developed and managed by farmers
themselves using local skills and materials.

iii. Improved traditional irrigation schemes:- These have concrete diversion

weirs, gated canal intakes and water diversion boxes.

Other irrigation farming schemes include furrows and basins are widely used in water
harvesting schemes such as capturing floods from seasonal rivers via bunds, dams or
flood diversion for gravity. Usually main crop includes paddy rice grown on the banks
of the rivers and are watered by frequent river flooding. The National Irrigation
Master Plan-NIMP (2002) cited in Evans et al. (2012) estimated that of the 1,428
irrigation schemes inventoried; 1,328 were traditional smallholder schemes, 85
private schemes and 15 government-managed schemes (Table 2.6).

Table 2.6:Irrigation schemes by types of irrigation and management type (URT, 2002)

Type of Irrigation Area Number of Scheme by Management Type
(ha) Smallholder Private Government
Modern irrigation 35,847 95 25 8
Traditional irrigation 122,630 924 52 6
Improved trad. irrigation | 25,511 105 7 1
Sub-total irrigation 183,988 1,124 84 15
Water harvesting 7,934 204 1 0
Total 191,922 1,328 85 15
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According to Lankford (2004); most traditional irrigation farming schemes are
managed by community using temporary diversion weirs with no canal intake gate.
Evans et al (2012); estimate that river diversion irrigation could cover 0.15 to 0.51
million ha and 153,000 to 509,000 households or 2% to 8% of rural households could
benefit from community managed river diversion schemes (CMRD) if adoption rate
of CMRD is only 50% in the area suitable for such technology. Keraita (2011) and
Evans et al (2012) describe further that about 3% of the total area is covered by
traditional small schemes with an area of less than 50 ha each, while 58% is covered
by schemes of over 500 ha each. Difference variations that exist in irrigation farming
schemes are attributed by several factors including historical development (Tagseth,
2010; Keraita, 2011), available water source (ASDP, 2013), technology employed
(Evans et al, 2012) and type of crops grown as well as cultural background. For
example, according to Evans et al. (2012); banded flood irrigation is not regarded as
irrigation in the MAFSC traditional irrigation database. ICID (2012); observed that
the main irrigated crops are paddy rice and maize, accounting for about 48% and 31%
of the irrigated areas in 2002. Other irrigated crops under traditional irrigation
schemes account for 44% of the irrigated areas are beans, vegetables including onion,

tomato and leaf vegetables, grapes, bananas and flowers.

Selected literature reports and research studies in Tanzania such as a study on the
national irrigation master plan (URT, 2003b); district irrigation and water harvesting
support project (URT, 2005a), investment in community managed river diversion
(Keraita, 2011) and investment in agricultural water management to benefit
smallholder farmers in Tanzania (Evan et al. 2012); propose how irrigation farming
could be developed so as to benefit rural famers and the country in general. According
to National Irrigation Master Plan (2002) and National Irrigation Policy (2009) cited
in ASDP (2013); GoT had begun to focus on smallholders farmers contribution on
agricultural production by promoting small scale and traditional irrigation farming
schemes mainly in areas with little annual rainfall total in order to supplement water
shortages. The aim of the Agricultural Sector Development Programme (ASDP) is to
support reduction in over-dependence on rain-fed agriculture for local farmers by
rehabilitation and management of low cost smallholder irrigation schemes, including

rainwater harvesting. The primary reason for embarking on small scale and traditional
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irrigation farming scheme is to enhance agricultural productivity and increase

earnings of the smallholder farmers in areas where surface soils are naturally drier.

In Tanzania, traditional irrigation schemes are those with temporary infrastructure that
are not technically constructed and use crude methods of harvesting water from
different water sources (URT 2009; Keraita, 2011). The country’s irrigation database
obtained from the ministry of agriculture and food security (MAFSC, 2012) inventory
show that there were 1,137 traditional irrigation schemes covering 117,000 ha only,
with Kilimanjaro irrigation zone reported to have the largest irrigated area as percent
of irrigable area (ASDP, 2013). According to MAFSC (2012); the development trend
of irrigated agriculture has been increasing for the past 20 year (figure 2.1 below)
with more traditional irrigation schemes improving their productivity and water use
efficiency through varieties of low cost technological inputs (rain water harvesting
system, lined-up canals). Most of the improved traditional farming schemes are
supported by all stakeholders (farmers, GoT through responsible ministries and other

donors).
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Figure 2.1: Trend of area developed for irrigation in Tanzania (MAFSC, 2012).

Most of traditional irrigation farming practices are carried out by small scale farmers
around wetlands, river basins and many valleys by exploiting fertile soil and available
moisture. For example in the Pangani basin, irrigated agriculture is mainly practised
by smallholder farmers and they utilise most of the available water for crop
production (Komakech et al. 2012; Sanga et al. 2003). Similar findings have been

reported around the country such as traditional irrigation farming and poverty
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alleviation (Mkavidanda and Kaswamila, 2001; Majule and Mwalyosi, 2007);
changes in the upland Irrigation system (Sokoni and Shechambo, 2005); climate
change impact and small scale irrigation (Kangalawe et al. 2011; Liwenga et al.
2012). Mkivanda and Kaswamila, 2001 argues that valley bottom dry period farming
practice (vinyungu) where farmers harvest water from rivers and or springs for
agricultural production have potential ability to provide both food and cash crops at

subsistence level using traditional irrigation techniques.

Although traditional irrigation farming practices play a major role in contributing
increased food security, income of many poor families and various indirect benefits
(employment and economic growth); the farming practice has also been affected by
many challenges including the impact of climate change, lack of support - inputs and
low yield in many parts of the country. Findings from the field show that under
traditional irrigation systems, crop production is low where maize and paddy yields
are averaged at 0.8-1.0 t/ha and 1.8-2.0 t/ha respectively (Liwenga et al. 2012;
ASDP, 2013; Fischer et al. 2013). This is mostly attributed by poor efficiencies in
water consumption which leading to water stress and crop failure. However, under
improved irrigation farming schemes and good crop management, yields can rise to 5
t/ha to 8 t/ha (ASDP, 2013). For example, Working Group 2 of ASDP Task Force 1
found that farmers in Bahi and Chikuyu reported yield of paddy increases up to 4.5
t/ha, Ruvu Farm at 6.2 t/ha and Lower Moshi at 8§ t/ha (this also depend on the variety
used).

Furthermore, out of the total area under irrigation, 80% is under traditional irrigation
schemes with low level of water use efficiencies and the remaining 20% is centrally
managed irrigation schemes owned by public and private institutions and individuals
(TARP II — SUA Project, 2004). Lankford (2004) describes that water use efficiency
is very low since most of the traditional irrigation farming schemes managed by
community use temporary diversion weirs with no canal intake gate. Water use
efficiency estimates range from less than 15% to 0% (World Bank, 2007; IFAD,
2007; Ikeno, 2011; Kangalawe et al. 2012). These reports indicate that because of the
large water losses in the intake and conveyance canals, water allocations for farmers
at the tail end are often uncertain. Poor on-field water management due to inadequate

infrastructure reduces yields and increase labour cost (time needed to irrigate crops).
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Consequently, the area served under the traditional schemes and crop productivity can
be substantially increased by improving infrastructure, water management and

sustainable agricultural practices (World Bank, 2007; Keraita, 2011).

Although local farmers in Tanzania are currently facing several challenges by relying
on local farming methods such rain fed agriculture and traditional irrigation; the dry
land irrigation farming schemes have proved fruitfully results in many areas of the
country. For example, where there is availability of water sources (Iringa-Ruaha River
Basin and Coast-Rufiji River Basin); dry land irrigation farming schemes have been
documented to increase productivity and income during dry season since the crops
(especially vegetables) fetch higher price during this time of the year (Mkavidanda
and Kaswamila, 2001; Majule and Mwalyosi, 2003; Sokoni and Shechambo, 2005).
As a result, various policies (National Water Policy, 2002; National Irrigation Policy,
2009); programmes (Kilimo Kwanza, District Irrigation Support Project, Agricultural
Sector Development Programme) and strategies (NIMP, 2002; NSGRP, 2005)
support the substantive contribution of traditional irrigation farming so as to increase
agricultural productivity and income earning while ensuring food security for its
growing population. According to ASDP (2013); in the past 15 years, various efforts
have been made by the GoT through responsible ministries to expand community-
based irrigation development, particularly small-scale irrigation around dry land areas

(dry land irrigation farming schemes).

2.2.3 Dry Land Irrigation Farming Schemes Along the Ruvuma River Basin and
Southern Coast Waters.

The primary reason for irrigation is to improve agricultural productivity in areas
where surface soils are naturally drier (Fischer et al, 2013). Studies show that most of
the semi-arid regions in Tanzania often have higher agricultural productivity if
irrigated (Banzi et al. 1992; Kaswamila and Masuruli, 2004; Mary and Majule, 2009;
Ikeno, 2011; Liwenga et al. 2012; Fischer et al. 2013). Irrigation farming practice is
carried out around these dry land areas during dry season by exploiting water around
rivers, shallow aquifers and wetlands. The term dry land irrigation farming schemes is
the farming practice in which farmers harness water from rivers, wetlands, ponds or

rainfall (rainwater harvest) to produce both food and cash crops at subsistence level
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using local irrigation techniques (Mkavidanda and Kaswamila, 2001). Pachpute et al.
(2009) point out that the uncertainty of rainfall and high evapotranspiration around
dry land areas makes crop production almost impossible unless the soil moisture
deficit in the root zone is met through supplemental measures such as irrigation via

various rainwater harvesting systems.

According to Matekere and Lema (2012) cited in ASDP (2013); the irrigation
development in Tanzania divides the country into seven irrigation zones. The seven
zones (though not well-aligned with the agro-ecological zones) include East, North,
South, West, Southern highlands, Lake Zone, Dodoma zone. Some of these zones
have drier or sub-humid climate while others have humid or wet climate with fertile
soil and cool temperatures suitable for a variety of crop production. The study area
falls under the Southern Zone (Mtwara Zone) which includes Ruvuma, Lindi and
Mtwara Regions. Most of the Eastern part of Ruvuma River Basin and Southern Coast
waters falls under sub-humid arid zone which have abundant untapped water
resources and often have higher agricultural productivity due to fertile soil around

river banks and valleys brought by erosion and sediments from upland.

The National Irrigation Master Plan (2002) and Tanzania District Irrigation and Water
Harvesting Support Project (2003b) reports show that many of the productive dry land
areas in Tanzania have untapped fresh water resources such as rivers, streams,
wetland and aquifers that can be used for developing various irrigation farming
schemes. Using various fresh water resources for irrigation development is a key
strategy to diversify agricultural production and enhance productivity, increase family
income and food security as well as stimulating economic growth in many rural areas.
Ruvuma Basin and Coastal waters have potential areas suitable for irrigation
development both traditional and improved traditional irrigation schemes, small scale
and large scale irrigation farming schemes. The National Irrigation Master Plan
(2002) and cited in Agricultural Sector Development Programme (2013) indicates that
a survey of irrigation potential conducted around Ruvuma River Basin and Southern
Coast waters as part of the integrated development plan shows that Mtwara and Lindi
Regions have potential suitable area (about 78,000 ha) for irrigation development

(table 2.7 below).
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Table 2.7: Irrigable and Irrigated area around the study area

Zone Region | Irrigable | Developed | Traditi | Total | No. of | Irrigated
Area onal Traditional | areas as %
. Schemes of Irrigable
Irrigated area (‘000) area
Mtwara | Ruvum 38 5 6 10 162 26
a
Lindi 29 3 3 5 28 17
Mtwara 49 2 2 5 18 10
Zonal Total 116 10 11 20 108 17

Source: Irrigation database, MAFSC, 2012

The Southern Zonal Irrigation Office and Naliendele Agricultural Research Institutes
have identified some of the areas potential for medium and small scale irrigation
development projects which includes Kitere and Mahurunga valleys in Mtwara Rural
District and Kinyope and Milola valleys in Lindi Rural District. For example, Mtwara
region, the area of annual crops under irrigation is 2,717 ha representing 0.6% of the
total area utilized (URT-vi, 2012) whereas Lindi is estimated to have more than
24,000 ha that are potential for irrigation, of these only 3,661 ha or 17% is under
irrigation (URT-vh, 2012). According to URT-vi (2012); the planted area with
irrigation in Mtwara region appears to have increased in a 12 year period from 1,901
ha in 1995 to 2,717 ha in 2007 representing a 42% increase. In Lindi region, the use
of irrigation for agricultural activities in the region is negligible where the area
planted under irrigation is 2,523 ha equivalent to 0.84% of the total planted area in the
region (URT-hi, 2012). The leading district with area planted under irrigations are
Nachingwea district (66.4%) followed by Ruangwa district (21.7%).

The main source of water for irrigation around Ruvuma Basin are rivers (e.g.
Ruvuma, Mnazi moja, Mpapura, Lukuledi and Mkwaya rivers) followed by artificial
or natural ponds (Kitere, Mbuo village) and wetlands as well as boreholes from
shallow aquifer (Chimbile A and Chiheko village). Reports from national agricultural
census (URT-vi, 2012 and URT-hi, 2012) indicates that in both villages studied; earth
canals, handy bucket and watering can are the most common method of getting water
for irrigation with 76% of households practicing irrigation. Furthermore, the report

shows that places with gentle slope, households use gravity water (earth canals,
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flooded basin) which account for 10% of households while households with diverse
income and resources use hand-pump (9%) and motor-pump (5%). Report from
ASDP (2013) shows that Mtwara and Lindi contribute only 4% of the total irrigated
area but each account for about 10% of the rural agricultural households. Lindi had
the largest irrigated area per agricultural rural households while Mtwara had the
smallest areas (the average irrigated area is about 0.03 ha per agricultural rural

household).

Other existing smaller river basins, wetlands and valleys around the two regions
potential for irrigation development includes Mpapura river, Lipwedi valley, Mkwaya
river, Mnazi moja valley, and valleys of Chimbile, Mwiti, Mbwinji, Mkungu, Ndanda
and Mkululu rivers. In most villages around the two regions, irrigation farming is
carried out by smallholder farmers using hand hoe and buckets as well as local seeds.
Major crops grown in Lindi and Mtwara regions are maize, rice, millet, sesame,
cassava, cowpeas, coconut, and cashew nut (URT-vi, 2012; URT-hi, 2012).
According to ASDP (2013); Ruvuma River Basin is a potential area for agriculture for
rice, maize, sugarcane, wheat, millet, beans, tomatoes, onions, okra, green pea,
pumpkins, pineapple, watermelon, groundnuts and potatoes. Despite this potential,
there is a lack of serious private sector investors in irrigated agriculture something
that calls for a deeper understanding of how vulnerable and resilience irrigation

farming scheme are against climate change.

As the dry land irrigation farming schemes seen as a potential measures of
supplemental moisture/water supply for crop production (Majule and Mwalyosi,
2003; Hanjra and Qureshi, 2010); so does the farming schemes been faced with
problem of water scarcity and variability in rainfall due to climate change impacts
(Ikeno, 2011; Turral et al. 2011; Mutui et al. 2012). The problem is even worse for
areas located in arid and semi-arid regions with local farmers depending on local and
traditional methods of irrigating their crops (food and cash crops). For example, in
many rural areas in Tanzania (Mkavidanda and Kaswamila, 2001; Majule and
Mwalyosi, 2003; Sokoni and Shechambo, 2005; Ikeno, 2011; Liwenga et al. 2012;
ASDP, 2013); rarely do local farmers afford to produce food and cash crops under
mechanised irrigation farming systems. Most of them depends on rainfed agriculture

during wet season while during the dry season supplement their food and income by
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practising dry land irrigation farming which rely on poor technology and seasonal

rivers or wetlands as sources of water for their agricultural activities.

Most of the dry land irrigation farming schemes (traditional irrigation schemes in
Pangani, Rufiji, Ruaha basins) in Tanzania that have been documented to operate for
many decades yield positive results in terms of productivity (ASDP, 2013). However;
research findings show that the environments under which they operate are gradually
changing and adjusting according to socio-economic and ecological changes such as
climate change (Mkavidanda and Kaswamila, 2001; Majule and Mwalyosi, 2003;
Sokoni and Shechambo, 2005; Liwenga et al. 2012). As dry land irrigation farming
schemes in Tanzania remain the key to food production (food security) and socio-
economic development, the main key question remains how vulnerable and resilient
the dry land irrigation farming schemes are to climate change and its variability? The
research findings described in chapter 5 show that the dry land irrigation farming
schemes are affected by climate change at different level and scales while farmers are
adjusting and coping with climate change. The research findings suggest that
intensification of dry land irrigation farming schemes needs a careful understanding
of basin ecology (hydrology) and soil management so as to enhance sustainability

without affecting the environmental flow of water especially for downstream users.

2.3 Impact of Climate Change on Irrigation Farming

Climate refers to the characteristic conditions (such as temperature, precipitation,
wind or atmospheric air) of the earth’s lower surface atmosphere at a specific location
over long period of time (FAO, 2008; IPCC, 2001; IPCC, 2014). The changes in these
essential climatic variables over a period span of 30 years is termed as climatic
change (FAO, 2008) whereas climate variability refers only to the year-to-year
variations of atmospheric conditions around a mean state (IPCC, 2014). The IPCC 4"
Assessment report described climate change as a change in the state of the climate
that can be identified (e.g., by using statistical tests) by changes in the mean and/or
the variability of its properties, and that persists for an extended period, typically
decades or longer (IPCC, 2014). The report explains further that climate change may
be due to natural internal processes or external forces such as modulations of the solar

cycles, volcanic eruptions, and persistent anthropogenic changes in the composition of
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the atmosphere or in land use. However, climate change is accelerated by
anthropogenic activities taking place at a high rate causing impact on earth’s
ecological systems while rendering the species (including socio-ecological systems)

vulnerable to adapt to that change.

In their Article 1, the Framework Convention on Climate Change (UNFCCC), defines
climate change as: “a change of climate which is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in
addition to natural climate variability observed over comparable time periods.” The
UNFCCC thus makes a distinction between climate change attributable to human
activities (socio-economic activities) altering the atmospheric composition, and
climate variability attributable to natural causes such as biophysical processes (IPCC,
2001; IPCC, 2014). The climate change attributes both biophysical processes (such as
droughts, floods) and socio-economic activities (such as burning fossil fuel,
deforestation) cause various impacts to the earth’s ecosystems at different regions or
location on the earth’s planet. However, various studies indicate that an increase in
human activities accelerates climate change and sometimes exposes poor
communities who lack resources and knowledge to the risk of climate change impacts
(URT, 2007; Mary and Majule, 2009; Shemsanga et al. 2010; Yanda and Mubaya,
2011; TPCC, 2014; Kihupi et al. 2015). Apart from underlying drivers of socio-
economic changes (such as population and economic growth); there is likely to be
considerable resource pressures on water in future years (Watkiss et al. 2011). Thus
climate change (for example changes in precipitation, pattern, variability, runoffs, salt
water intrusion) has the potential to exacerbate any water deficit affecting the whole

water cycle and water ecosystems.

The impacts of climate change (as results can be observed on various natural and
human systems. For example, increased amount of rainfall can cause heavy floods and
cause severe soil erosion while an increase in extreme temperature can result into
droughts or crop wilting. For irrigation farmers, heavy floods can cause the fertile soil
on river banks to be inundated and water logged (hence unusable for vegetable
production) while extreme temperature cause excessive evaporation (reducing the
available water) and consequently crop wilting. This in turn affects the ability of poor

farmers who are exposed and lack social safety nets, to respond and cope with the
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ongoing changes. According to IPCC (2014); the impacts of climate change is
generally due to the interaction of climate changes or hazardous climate events
occurring within a specific time period and the vulnerability of an exposed society or
system. Impacts are also referred to as consequences and outcomes of climate change
attributes. In this research, the impacts of climate change are used primarily to refer to
the effects it pose on irrigation farming schemes and livelihoods among the farming
communities around Ruvuma Basin in South Eastern Tanzania as well as the

consequences and outcomes thereof.

In Tanzania like any other LDC, climate change impacts have also been observed in
various socio-ecological systems as well as climatic variables. For example changes
in increased mean annual temperature (1 °C) have been recorded since 1960 and
rainfall decreased at an average rate of 2.8 mm per month and 3.3% per decade
(Yanda and Mubaya, 2011; IPCC, 2014). More increased temperature and decrease in
amount of rainfall has occurred in southern part of Tanzania since 1980’s (Shemsanga
et al. 2010). According to Fischer et al. (2013) and Cioffi et al. (2014); predicted
extreme events (in different parts of Tanzania) such as frequent dry spell, drought,
floods, tropical storms and cyclones are expected to become more frequent, intense
and unpredictable in the future. In recent years, Tanzania has witnessed a number of
climate related disasters namely; flooding and droughts (Shemsanga et al. 2010),
widespread crop failures and livestock deaths (Msaky et al. 2010; Kangalawe et al.
2011; Mbilinyi et al. 2013) and intensification of climate sensitive diseases among

others (Mahoo, 2009; Mary and Majule, 2009; Shemsanga et al. 2010; EAC, 2014).

The agricultural production and food security in many regions of Tanzania
(particularly rural arid and semi-arid areas) will likely be severely compromised by
climate change and climate variability (Shemsanga et al. 2010; Kihupi et al. 2015).
Various country reports suggest that the existing yields for different crops such as
maize, coconuts, banana, millets, sorghum and cassava have declined during the past
two decades with rice increasing only slightly (URT, 2010; FAO, 2012; ASDP, 2013).
The declining yields possibly reflect the impacts of climate change (decrease in
rainfall amount, increase in temperature and dry spells) which affect crop moisture

and temperature requirement and thereby impair plant’s growth. Other factors that
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may account to the existing low yields includes expansion into marginal lands with

lower soil fertility, post-harvest losses, diseases and poor farming practices.

As described above, the impact of climate change is two-fold, biophysical (such as
floods, droughts) and socio-economic (such as burning fossil fuel, deforestation, and
agricultural production) whereby there is close linkage between biophysical and
socio-economic impacts of climate change (Mubaya et al. 2010). In this case the
environmental degradation caused by biophysical impacts creates socio-economic
impacts where the changes in the former creates interwoven effects which affects the
later and thereby causing a sustained impacts which creates a vicious cycle of poverty
among poor households that have no knowledge and resources to adapt. This is
mainly true for example on agricultural sector where areas suitable for agriculture; the
length of growing seasons is altered by biophysical attributes of climate change
(Mubaya et al. 2010) and thereby causing a decrease in yield potential (of a certain
crop), particularly along the margins of arid and semi-arid areas and eventually affects

the income and livelihoods of the farmers (Mbilinyi et al. 2013).

According to Fischer et al. (2013); most of the dry land areas in Tanzania, although
receive moderate rainfall; are affected by high evaporation compared to amount of
rainfall received and land use changes (shifting cultivation, slash and burn,
deforestation) can increase the rate of surface runoffs and thereby reducing moisture
availability. The low amount of rainfall and high evaporation rates in dry land areas
coupled with land degradation (such as overgrazing, forest fire and deforestation) and
poor farming practices (shifting cultivation) have consequences on climate as well as
water availability/requirement for the crop production due to reduction in soil
moisture recharge. The inevitable description of the impacts of climate change is that
it affects both rich and poor, however poor farmers are severely affected due to lack
of knowledge and resources they need to respond and adapt to the existing and
ongoing changes. For example, the consequence of the impact of climate change
(biophysical or socio-economic attributes) affects small scale subsistence farmers
particularly dry land irrigation farmers in terms of productivity, food security and
family income as they merely depend on surface water for irrigation using local crude

methods of farming.
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Furthermore, Shemsanga et al. (2010) observed that among the cost of climate
changes incurred by different sectors in Tanzania, agricultural and water sectors were
more vulnerable to climate change compared to other sectors. Kangalawe et al. (2011)
described the available freshwater across the Great Ruaha River Basin is questionable
under the ongoing climate change impacts where irrigation and live-stock production
were affected more compared to other production units. This is due to differences in
observed changes in rainfall amount and pattern across the country associated with
changes in climate. According to Cioffi et al. (2014); rainfall has decreased
considerably during the last 10 — 30 years, and characterised by high inter-annual
variability, seasonal shifts and variable seasonal distribution with unpredictable onset
and ending of rains and shortened growing seasons. The changes in rainfall variability
(pattern and amount) have profound impacts on irrigation farming practices in terms
of water needed for crop production as most of the farmers around Ruvuma Basin

uses surface water for irrigating crops.

Similar changes across a small scale was observed in Makanya sub-catchment area,
where Fischer et al. (2013) discern a great variation in dry spell across a small areas
which in turn affects agricultural productivity and yield for different crops within that
particular area. The impacts of increased frequent dry spells and extreme temperature
(as a results of climate change) has concealed implication particularly for irrigation
farming practices as it causes water reduction and soil salinity (due to evaporation)
and wilting of crops for many poor farmers who depend on surface water for
irrigating crops. The effects of climate change in the country are widespread and
significantly interfere with agricultural production, while at the same time, reducing
the ability of the poor farmers, usually with limited resources to cope with climate
change in many ways. The consequences of climate change in Tanzania have even
taken a gender dimension in which women are seen to be more vulnerable on account
of deep-rooted socio-economical, historical and cultural barriers across the country

(Shemsanga et al. 2010; Kangalawe et al. 2011).

Climate change is expected to affect rains, increase the frequency of droughts, and
raise average temperatures, threatening the availability of fresh water for agricultural
production in Tanzania (URT, 2007). The changes have profound implications for

managing freshwater resources and species dependent on the aforementioned
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resources (Mubaya et al. 2010; Kangalawe et al. 2011). The changes will worsen the
water stress currently faced in arid and semi-arid areas of Tanzania. For example, the
freshwater of Ruvuma River Basin and Southern Coast are vulnerable to changing
climate, such as frequent drought and floods which negatively impacts the livelihoods
of the people through decreased crop and livestock production, increased diseases and

pests outbreak and impacts on local biodiversity (UNEP and WIOMSA, 2009).

The changing climate has had negative impacts particularly on water shortages for
irrigation due to decreased amount of rainfall which reduce the reservoirs recharge.
According to Fischer et al. (2013); irrigation farming is very much sensitive to
weather and climate variables, including temperature, precipitation and weather
extremes, such as droughts, floods and frequent dry spells. The continuous increase in

temperature and occurrence of frequent dry spells lengthen the situation by reducing

the water level in various reservoirs in the study area (figure 2.2).

i o S N = L..' -~
Figure 2.2: Dry river bed in Mpapura and reduced water level at Mkwaya Village
(Note the water level marks on the bridge supporting pillar-Source: Mhagama, 2014).

In few cases, the climate change impacts have brought positive impacts to the farmers
especially on the lower course of the rivers through increasing sediments and siltation
which brings about fertile soil along the riverbanks and flooded valleys. These
flooded valleys and river banks provides fertile soil (nutrients) required by different
plants during vegetable or crop production. Apart from impact of climate change on
fresh water resources, the country’s diverse climatic zones creates pressure on arid
and semi-arid areas already experiencing low rainfall and water shortage. According
to URT (2003) and URT (2007); Tanzania has four main climatic zones, namely; the

tropical coastal area and immediate hinterland; the hot and dry central plateau; the
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semi-temperate highland areas and the high moist lake regions with little variations in
rainfall and temperature throughout the year. In general, the climate in the tropical
and coastal areas is hot and humid with varying temperature and rainfall amount and
the north-western highlands are cool and temperate while the central part is cool and
dry. Though Tanzania has different climatic zone and ecological zones; the impact of
climate change also depends on the climatic zones of each area (URT, 2007;
Shemsanga et al. 2010). This means farmers in different zones will experience the
impact of climate change differently and will need different adaptation measures and
strategies to cope with the changes in addition to the existing knowledge. According
to Kangalawe et al. 2011; in addition to the different climatic zones, cultural norms
and traditions of different local farmers also influence the response and adaptation
strategies and their level of success. Hence, addressing the impact of climate change
on irrigation farming, this research has covered three districts in an attempt to assess
the vulnerability and resilience of dry land irrigation farming schemes against climate

change across different farming communities.

Kotir, 2010; describes further that the impacts of climate change such as rising global
average temperature and changes in precipitation are undeniably clear with impacts
already affecting ecosystems, biodiversity and human systems throughout the world.
Future impacts are projected to worsen as the temperature continues to rise and as
precipitation pattern and amount becomes more unpredictable and unreliable. Among
the many adverse impacts of climate change, the risk to agriculture is considered most
significant (Shemsanga et al. 2010; Kangalawe et al. 2011; Liwenga et al. 2012) as
majority of the world’s population; especially those in the developing countries highly
depend on agriculture for their livelithoods (World Bank, 2007). For example, in
Tanzania, the changes in climate and climate variability poses worst impact through
interfering food security to the country are growing population. According to the
MAFSC, 2012; majority of the affected population in the country are 80% of the
population living in rural areas whereas Shemsanga et al. 2010 noted that 19% of that
population segment live below the food poverty line and 36% lives below the wider

poverty line.

Generally, climate change is a concern which necessitates two types of responses-

mitigation in terms of controlling greenhouse gas emissions and adaptation to reduce
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the vulnerability to climate change impacts (Shemsanga et al. 2010; Kangalawe et al.
2011). Tanzania like any other developing country is most vulnerable to impact of
climate change as majority of its population is closely dependent on natural resources
for livelihoods. Thus considering that climate change impacts are already being felt in
most parts of the country particularly irrigating communities, understanding the
vulnerability and resilience of irrigation farmers and their farming practices is of
paramount important in order to effectively address proper interventions aimed at

reducing negative impacts and risks associated with climate change.

2.4 Vulnerability of Dry Land Irrigation Farming Schemes to Climate Change.

According to IPCC (2014); climate change will affect rainfall, temperature and water
availability for agriculture in vulnerable areas of SSA particularly arid and semi-arid
areas in Eastern Africa. Tanzania is one of the countries in East Africa with arid and
semi-arid area where irrigation farming is playing a potential role in livelihoods in
terms of supplementing food security and household income particularly during dry
season. Due to impacts described above, irrigation farming is vulnerable to the
climate change as it’s exposed to various stimuli (external and internal stressors).
External stressors (or biophysical vulnerability) results from biophysical processes
while internal stressors (or socio/existing vulnerability) results from socio-economic
processes and lack of entitlements (Adger et al. 2006; Gbetibouo and Ringler, 2009;
IPCC, 2014). According to IPCC (2001) and IPCC (2007); major climate stimuli such
as temperature (drought, dry spell), precipitation (rainfall, flooding), salinization and
tropical storms show different biophysical and socio-economic impacts on key
agricultural crops such as rice, maize, millet, sorghum, and coffee. For example in
rice production, erratic rainfall, flooding during ripening, salinization cause major
biophysical impacts on rice in terms of germination, growth/flowering/fruit setting or

ripening which influence potential yield (Devkota et al. 2015).

Therefore agricultural production particularly irrigation farming is very sensitive
(degree to which a system is adversely affected) to climate stimuli as it’s exposed (the
nature and degree to which a system is revealed/unprotected to climate variations) to
climate change impact (IPCC 2001; IPCC, 2007). For example, the agricultural

sector’s sensitivity to climate change is represented by the exposure to frequency of
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climate extremes such as temperature and rainfall variability and frequency of
droughts, floods and dry spell which makes the farming practices such as irrigation
vulnerable to climate change impacts (as the sector responds negatively i.e. crop
failure or reduction in yield). For the purposes of this study; vulnerability is described
by studying the effects extreme climatic events (femperature and rainfall variability)
on a socio-ecological systems (dry land irrigation farming schemes) and its (in)
ability of a systems or people (dry land irrigation farmers) to cope with the

stress/disturbance (stressors) along the Ruvuma Basin in South Eastern Tanzania.

The first aspects of vulnerability of irrigation farming practices to climate change is
its exposure and sensitivity to climate change and climate variability. According to
URT, 2003 also cited in Shemsanga et al. 2010 and Yanda and Mubaya, 2011; the
climate and weather in Tanzania varies from place to place in accordance with
geographical location, altitude, relief and vegetation cover. As climate (weather
elements) from the country varies throughout, it is also expected to change in the near
future. For example, predictions from climate models (such as Global Climate Change
Scenarios) show that the projected mean daily temperature will rise by 3 °C — 5 °C
throughout the country and the mean annual temperature by 2 °C — 4 °C (URT, 2003;
Watkiss et al. 2011; Yanda and Mubaya, 2011; URT, 2012). Extreme cases (such as
high temperature and heavy rainfalls) have already been documented in various parts
of the country. In 2005, Tumbi Meteorological Station in Tabora reported the highest
temperatures of 35.2 °C since it started recording over 30 years ago (TMA, 2009),
which indicates an increasing trend in temperature records. Temperature changes
especially along the coastal area in terms of duration and intensity affects
water/moisture availability and crop performance (for example extreme temperature
cause wilting) and hence reduce yield potential making the farming vulnerable to

climate change impacts.

Watkiss et al. (2011) and Cioffi et al. (2014); also reported a projected increase in
rainfall in some parts of the country while other parts will experience decreased
rainfall. Reports from Initial Communication Strategies, 2003 and other studies (such
as Shemsanga et al. 2010; URT, 2007; Watkiss et al. 2011; URT, 2012) predicted

further that areas with bimodal rainfall pattern will experience increased rainfall of
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5% — 45% and those with unimodal rainfall pattern will experience decreased rainfall

of 5% — 15% (figure 2.3 below).

KEY
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Figure 2.3: Rainfall distribution in Tanzania (Northern part-bimodal while Central
and Southern part-unimodal pattern of rainfall). Source: TMA, 2012.

Mtwara and Lindi regions are areas that receive a unimodal type of rainfall, hence
making farming very difficult as it relys on one rain season only. Any decrease in
amount of rainfall affects the available water in reservours for irrigation farming
during dry season. According to URT (2007) and MAFSC (2012); Tanzania’s rainfall
follows two regimes namely unimodal and bimodal patterns. The unimodal rainfall
(including Central, South Western highlands, Southern region and Southern coast)
have a single rainfall season between November and April (NA) and normally
experienced less rainfall during the whole period while the bimodal rainfall (including
Northern coast and Zanzibar, North Eastern highlands and Lake Victoria basin) have
two rainy seasons with long rains between March and May (MAM) and short rains
between October and December (OND) (URT, 2007; TMA, 2012; URT, 2012).

The projected changes in climate (i.e. temperature and rainfall) have consequences for
agricultural production in Tanzania where majority of the farmers depends highly on
rainfed agriculture while irrigating communities depends on surface water for crop
production during dry season. For example, Watkiss et al. (2011) and URT (2012)
estimated that with increase in temperature and reduced rainfall as well as change in

rainfall patterns will cause the average yield of maize to decrease by 33% country
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wide. Furthermore, yield of the same crop will decrease by up to 84% in the central
regions, 22% in North-eastern highlands, 17% in the Lake Victoria region, and 10 —
15% in the Southern highland making agricultural production one of the risk business
in the future if there are no mitigation measures (URT, 2012). Quantifying this
impact; Watkiss et al. (2011) cited in URT (2012) argued that climate change will
trigger a 0.6 to 1% decline in GDP by 2030; and by 2085, the decline in GDP will
range from 5 to 68% depending on the severity of climate impacts (URT, 2007; IIED,
2009; Watkiss et al. 2011).

The second aspects of vulnerability of irrigation farming practices to climate change
is its exposure and sensitivity to occurrence of climate extreme events such as
frequent droughts, dry spells and floods. Furthermore; it is estimated that that
majority of people in Tanzania lives in areas prone to more than one type of the
physical manifestations of climate change which include; floods, storms and droughts
(FAO, 2006; Shemsanga et al. 2010; Watkiss et al. 2011; URT, 2012). For example,
analysis by Hatibu et al. 2000 revealed that more than 33% of disasters in Tanzania
over 100 years period were related to drought, which is a major pre-cursor of agro-
hydrological problems in the semi-arid regions. Empirical analysis showed that
Tanzania had recorded 37 occurrences of drought between 1872 and 1990 (URT,
1998). Such a situation has serious impact on food security and people’s livelihood
living in drought prone areas and marginal land such as dry land as their farming
productions is affected by the frequency occurrence of droughts. According to
Watkiss et al. (2011); the (La-Nina) event of 1996/97 was responsible for the severe
drought that occurred in most parts of Tanzania leading to insufficient rainfall and
water supplies resulting in widespread crop failure and rangelands could not support
livestock resulting in large production shortfalls. Similar cases were reported during
the drought occurring in 2005/2006 and affected most parts of the country, triggering

food shortages, power crisis, and reducing economic growth to a halt (URT, 2012).

Most vulnerable people in Tanzania lives in arid and semi-arid areas (Boko et al.
2007; Yanda and Mubaya, 2011) such as Dodoma, Same, Shinyanga regions and
coastal low land areas. These areas are frequently affected by frequent climatic
hazards (droughts) and climatic problem (dry spells). Their dependency on the

irregular input of precipitation cause a high shortage of water, commonly known as
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droughts and or dry spells. Droughts occur in virtually all climatic zones, such as high
as well as low rainfall areas and are mostly related to the reduction in the amount of
precipitation received over an extended period of time, such as a season or a year.
Each discipline (meteorological, hydrological and agricultural) has its user-specific
thresholds for declaring a drought (Bicanli et al. 2011; Mishra and Singh, 2010;
Rockstrom et al. 2010). It’s important for farmers to know each type of drought so
they can address the problem effectively and manage their crop during drought

condition.

For a drought condition not only the amount of water in terms of volume is relevant,
but also its availability at the time it is mostly needed. Especially for rainfed
agriculture and particularly irrigation farming, the knowledge of alteration of wet and
dry periods and water fluxes during dry season is essential for crop production. For
example, Tilya and Mhita, 2007 analysed the spatial and temporal frequency of wet
and dry spells with 22 rain gauges spread over Tanzania. This study shows that the
spatial structure of dry spells of Tanzania where long wet spells are located in the
north-eastern highlands while long dry spells in the central part and coastal areas of
the country (Tilya and Mhita, 2007). At the same time, Mul et al. (2009) shows that
precipitation can be very localised and highly variable across a small geographical
area which in turn affects the reliability of interpolating precipitation estimates from
long but coarse spatial resolution rain gauge data. Many local farmers with limited
knowledge on occurrence, intensity and duration of drought and dry spells suffer
seriously as they fail to predict when to plant and which crop they plant to withstand

such harsh condition.

For the case of floods, Watkiss et al. (2011) noted that Tanzania is subject to periodic
extremes with serious floods or prolonged drought, associated primarily with El Nifio
— Southern Oscillation (ENSO) events. For example, the 1997/98 El Nifo event,
resulted in cereal deficit of almost 1 million tonnes in Tanzania, leading to a national
food crisis (Watkiss et al. 2011). According to URT (2012); the livestock sector also
underwent severe losses due to increased disease infection, drowning, damaged water
facilities (dams, boreholes, water troughs), and disruptions in market infrastructure
and road systems, though in some marginal agriculturally areas, the additional rainfall

led to higher production. The country is also affected by climatic variability and
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extremes due to its tie to the movement of the Inter-tropical Convergence Zone
(ITCZ) which often results in a double rain season that can be seen at a number of
locations in Tanzania during rain seasons (Watkiss et al. 2011; URT, 2012; Cioffi et
al. 2013). Similar reports by National Initial Communication Strategies (2003) and
Tanzania Meteorological Agency (2012); indicates that the country has been
frequently affected by frequent floods due to heavy rainfall particularly along the

coastal area since 2012.

Studies by Mwandosya et al. (1998); Cioffi et al. (2013); predicted an increase in
rainfall along the coastal areas; however, report from Tanzania Meteorological
Station, 2012 indicates that rainfall patterns will become less reliable and less
predictable as well as erratic including heavy down pour in a short period of time
which cause havoc floods. The Citizen Newspaper of 3™ Feb, 2016 reported over 500
households in Mtwara Municipality were submerged in water following ongoing
heavy rains in the region while scores of people have been rendered homeless and
crops have been washed away by heavy floods in lowland areas. The Tanzania
Meteorological Agency (2012) had issued several weather alert (early warning)
warning the public of expected heavy rains across most of coastal areas including
Mtwara and Lindi region for the year 2014/15 and 2015/16. The early warning
systems predicted heavy rains, strong winds and sea storms which were expected to
storm the coastal regions for three days consecutively during long rain, requesting
people living in the region to take necessary precautions against the extreme weather

events.

Though the regions (Mtwara and Lindi) is prone to recent frequent flash floods, the
rainfall is erratic and sporadic affecting the farmers ability to reorganize the farming
systems. Thus, with such changes, it is likely to result in delays in onsets as well as
shortening of rainy seasons (which affects crop productivity) and thereby affecting the
whole farming practices including potential harvests (both rainfed and dry land
irrigation farming). According to Mwandosya et al. 1998; these changes would likely
results in season shifting in which people organise their farming activities as well as
increased incidence and severity of drought thereby making agricultural and irrigation
farming more vulnerable to other sets of stimuli. Poor rainfall distribution coupled

with drought periods, particularly inter-seasonal dry spells have amplified the
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problem of moisture stress (Tillya and Mhita, 2007) and put at risk between 20% and
30% of human population living in semi-arid areas (DFID, 2001) while making poor
household vulnerable by exposing them to other external stressors. Any decrease in
rainfall amount is a challenge as most of the agricultural systems in arid and semi-arid
areas of Tanzania depends entirely on rainfed agriculture and irrigation systems are

not well developed to cater crop production for the whole dry season period.

The loss of rain water through surface runoffs and lack of storage infrastructure such
as artificial reservoirs is another factor exposing irrigation farming to risk of climate
extreme i.e. lack of moisture for crops and exposure to high temperature. Few villages
with limited capacities to adapt to recurring droughts, floods and dry spells have often
abandon farming practices and resorted to other income generating activities such as
charcoal making and quarrying so as to diversify their income sources (Mwandosya et

al. 1998; URT, 2007).

According to Nyamadzawo et al. (2013); in addition to decreased rainfall, in semi-arid
regions most of the rainfall received is lost as runoffs, and very little water is
harvested for plant growth or future use due to lack of knowledge and support for
constructing reservoirs or rainwater harvest schemes. In many cases, the surface
runoffs affects agricultural production as most of the top fertile soil and nutrients are
washed away reducing the available nutrients/fertile soil for crop requirement or crop
production. EI-Swaify et al. (1982) describe that the high runoff rates and associated
soil losses of nearly 137 Tm/ha/yr (98 m’/ha) have been documented around
Mpwapwa, indicating seriousness of soil erosion in central Tanzania. Similar studies
of soil losses through erosion from surface runoffs as a result of >50% of received
rainfall have been reported in Northern and Western Pare in Kilimanjaro region (Mul
et al. 2009; Ikeno, 2011; Fischer et al. 2013). According to Mlingano ARI (2006)
around two-thirds of the Mtwara district has less fertile soil that cannot sustainably
support intensive agriculture (maize production) as a results of soil erosion.
Naliendele Agricultural Research Institutes in Mtwara, reported similar findings for
ecologically sensitive habitats that are prone to serious gully erosion including the
escarpments on the edges of the Makonde (Mtwara region) and Rondo Plateaux
(Lindi region). Most of the sloping lands with bare vegetation (due to deforestation

and shifting cultivation) are vulnerable to soil erosion.
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The loss of soils nutrient triggered by soil erosion (as a result of heavy rainfall) and
continuous poor cropping without adequate restorative practices have negative impact
as declining in soil fertility (nutrient loss) affects potential yield of various crops in
the field. For example Savini et al. (2016) estimated that a loss of potassium and
phosphorus of about 3-13 kg/ha results in low and declining soil fertility and
consequently average maize production is <1.0 t/ha. Many smallholder farmers in the
Tanzania find it increasingly difficult to afford commercial fertilizers because of high
purchasing cost. High levels of surface runoffs losses in smallholder farming areas do
not only limit water availability, but also cause an erosion hazard and nutrient losses
which in turn makes agricultural farming more vulnerable. However, erosion from the
uplands creates fertile soil for irrigation farming along the river banks and in most

valleys in lower course of the river.

Another aspect of vulnerability of irrigation farming schemes to climate change is
poor infrastructure development for irrigation farming. In the Ruvuma basin irrigated
agriculture is mainly practised by smallholder farmers utilising most of the available
surface water but with very low efficiencies (due to crude methods of water
extractions) leading to water stress. Field observation results show that most of the
irrigation farmers use earth canals, flooded basin, handy bucket and watering can as a
common method of getting water for irrigation from various water sources. Keraita
(2011) reported that due to poor infrastructure, the water use efficiency (WUE) of the
traditional irrigation schemes ranges from 15% to 30%, which creates conflicts among
farmers around water scarce regions in Tanzania. The low WUE underscores the need
to invest in improving the traditional irrigation schemes (Keraita, 2011). Some of the
lowland irrigation production (such as rice) uses largely traditional irrigation called
bunded basin flood irrigation (majaluba). One major problem involves the location of
the interceptor jaluba (basin) and canals (Mary and Mwalyozi, 2003; Maketere, 2012).
Some of these (interceptors) are not located along the contour, leading to their
collapse and loss of harvested rain water. Most of the canals that intercept and convey
runoff water into the rice fields have no control structures as well as no drainage
structures for disposing excess water from the fields. Field observation in Mpapura,
Mkwaya and Mnazi moja villages noted similar structure for farmers using mfereji
(canal) irrigations. The majaluba (basin) rain water harvesting structures lose a lot of

water and do not efficiently capture water from runoff, due to poor construction
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(Mary and Majule, 2009). Despite their low WUE, the banded basin flood irrigation
accounts for 74% of rice production in Tanzania (ASDP, 2013).

Apart from external vulnerability due to exposure to biophysical processes (such as
droughts, floods), irrigation farming schemes are also vulnerable to internal stressors
or exposure to existing socio-economic processes. In sub-Saharan Africa, although
rainfed agriculture is responsible for 90% of the food production and 80% of the
population rely on it for a living (Rockstrom et al. 2010); it has a high risk of crop
failure with water as a main limiting factor. Irrigation farming is even becoming more
vulnerability because of high dependence on surface water for irrigating crops where
the surface water is highly susceptible to evaporation and eutrophication as well as
competition from other human activities such as construction, livestock and industrial
or household consumption (socio-economic processes). Unsustainable socio-
economic activities (poor land uses) such as shifting cultivation, deforestation and
overgrazing exacerbate the effects of climate change on various ecological systems
and expose other means of livelihoods (such as irrigation farming) to the risk of
climate change impacts while rendering poor farming communities unable to respond,

adapt and cope with ongoing changes.

The high levels of vulnerability in the developing worlds are linked to a range of
factors including a high reliance on natural resources (Adger et al. 2007) which are
already impacted by climate change and in turn it constrains community’s adaptive
options. Adger et al. 2007 explain further that whatever the effects of climate change
will be (sea level rise, increased floods, drought, disease), the most vulnerable groups
will be the poor people (depending solely on natural resources) whose ability to
withstand environmental shocks and stresses to their livelihoods are low (Adger et al.
2007; Boko et al. 2007; Yanda and Mubaya, 2011). In developing countries like
Tanzania, major pressing issues like food security, poverty, and water availability are
all interconnected with climate change. However, the level of vulnerability effects
(exposure to climate stimuli) affects different groups of the societies (such as
individual farmers) differently within the same range of geographical location. The
research study site is found along the areas that receive unimodal type of rainfall, an
area that is expected to experience a decrease in rainfall in the future. Apart from the

fact that Ruvuma basin receives unimodal type of rainfall, it’s also found along the
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high temperature variable zone (coastal area); thus makes the irrigation farming even
more vulnerable to climate change impacts (such as dry spells) particularly for
farmers who do not have enough resources (such as manual pump; information-crops
that withstand drought or moisture availability). According to Watkiss et al. 2011
cited in National Climate Change Strategies, 2012; concluded that all socio-economic
changes will aggravate the situation leading to increased vulnerability of the
communities (farmers) to the impacts of climate change and also affecting the various

sectors of economy particularly irrigation and water sectors.

The existing socio-economic vulnerabilities and variation in climate change described
above makes agricultural farming practices (particularly irrigation farming) very
vulnerable as the farming practices depends solely on one type of natural resources
(surface rain water) to irrigate their crops. Various country reports (Initial
Communication Strategies, 2003; National Adaptation Programme of Action, 2007
and National Climate Change Strategies, 2012) indicate that Tanzania is among the
SSA country’s most vulnerable to climate change impact and climate variability.
According to Tanzania National Climate Change Strategies and National Adaptation
Programme of Action; agriculture has been identified to be the second most
vulnerable sector to the impacts of climate change (URT, 2003; URT, 2007; URT,
2012) particularly irrigation farming (ASDP, 2013). For example, majority of farmers
depends on rainfed agriculture and 80% of irrigation farmers practice traditional
irrigation farming while the remaining 20% are semi-mechanized irrigation depending

on both surface and ground water for irrigating their crops.

NEPAD (2005) describe further that although the country is divided into nine
different major river basins and annual renewable water resources are currently
estimated to be 2,700 m> each year; more than half of the country receives less than
800 mm in an average year (compared to wetter region 1500 mm) due to seasonal and
unreliable rainfall as a result of climate change (URT, 2007; Watkiss et al. 2011;
URT, 2012). The estimated annual recharge, which is affected by climate variability
coupled with socio-economic pressures (poor land use and degradation), limits the
soil storage capacity or underground recharge resulting in some aquifers subsiding or
drying up due to high utilisation rates and slower rates of recharge. This scarcity

creates negative impacts on irrigation farming that depends on surface water and

49 |Page



shallow water table for irrigating crops. For example, MAFSC (2012) cited in ICID
(2012); indicated that although total water withdrawal in mainland Tanzania was
estimated for the year 2002 to be 5,142 million m?; agriculture consumed the largest
share with 4,624 million m? (almost 90% of total) of which 4,417 million m? was for
irrigation and 207 million m? for livestock, while the domestic sector uses 493 million

m? creating high dependence of irrigation farming from rainfall (surface water).

The last socio-aspect of vulnerability in irrigation farming is lack of agricultural
extension services, entitlements and agricultural inputs and poor land use which both
render irrigation farming vulnerable as they reduce the capacity of the farmers to
adapt and cope with the existing climate change impacts. ASDP (2013) observed that
Mkindo rice farmers (Mvomero district, Morogoro region) who attended farmer’s
agricultural training and frequently receiving agricultural extension services in rice
cultivation achieved 20% - 200% higher yields than the other farmers in the same
irrigation scheme. Local farmers with no relevant information on climate change are
exposed to various effects of climate change such as moisture availability, intensity
and duration of sunshine during dry season which can affect planted crops negatively.
Such lack of advisory agricultural services is serious particularly in dry irrigation
farming where water fluxes, temperature variability and pest control are issues of
concerns for maximizing crop productivity and yield. Similar situation exists along
the Ruvuma river basin where local farmers have been practising dry land irrigation

farming.

In terms of lack of entitlements, climate change and variability has increased the
burden on food security and income among poor farming families. Lack of food
security and income means farmers has to diversify the available income needed for
purchasing agricultural inputs and use it for buying food. According to the national
survey on trends in the food security in mainland Tanzania; although food insecurity
was forecasted mainly in the northern part of the country, other areas that received
inadequate and sporadic rains, their households reported food shortage and chronic
income limitations (URT, 2010). For example, in spite of the fact that Mtwara and
Lindi region receives an overall average of about 1000mm of rainfall per year (TMA,
2012); but rainfall patterns are very erratic with considerable annual variation and

slightly lower rainfall in inland than on the coast areas (URT-vh, 2012; URT-vi,
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2012). This variation is normally coupled with dry spells of one to two weeks which
often occurs at the end of January or at the beginning of February. This is reflected in
a decrease in the 20% probability of exceedance on the plateaux and the coastal plain,

and in the 80% probability of exceedance in the central plains (TMA, 2012).

Both inadequate and sporadic rains, coupled with dry spells affects food security
(availability) and income that is generated via irrigation farming (selling vegetables).
In Newala district (Mtwara region) and Lindi rural district (Lindi region); the erratic
and below normal rainfall intensities caused significant reductions in food crop
production, consequently reducing farmers’ ability to retain part of their harvest
(URT-vh, 2012; URT-vi, 2012). FAO (2006) noted food insecurity period was
foreseen to be November 2004 through February 2005, if vuli rains (which fall in the
bimodal rainfall areas from October to January) happened to be good otherwise, a
longer food insecurity period would be expected. Furthermore, the limited cash
earning opportunities and price hike creates obstacles for farmers from accessing

agricultural inputs such as improved seeds, fertilizer and farm equipment’s.

In a summary, irrigation farming is vulnerable to both external stressors resulting
from biophysical processes such as floods and droughts as well as internal stressors
resulting from socio-vulnerability such as poor land use, overdependence on natural
resources (rain water), lack of resources and information. All factors described above
make irrigation farming very vulnerable to climate change impacts and resulted in
food crop shortages (food insecurity) due to insufficient rainfall which causes poor
yields. Tanzania like any other SSA countries is vulnerable to the effects of climate
change because of the over dependence of rain-fed agriculture, recurrent droughts,
frequent dry spells, inadequate land distribution and policies, and widespread poverty
(Watkiss et al. 2011). Recurrent droughts and frequent dry spells have often resulted
in severe crop damage, decreased livestock production and widespread food shortages
whereas heavy floods have continued to cause havoc, damaging irrigation
infrastructure and crops while cause severe impacts to the agro-based economies
particularly irrigation farming communities. Farmers with limited capacities to adapt
to climate change impacts (recurring droughts, floods and dry spells) have often
abandoned farming practices and resorted to other income generating activities such

as charcoal making and quarrying so as to diversify their income sources.
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In addition, as crop yields decline with increasing changing climate, pressure to
cultivate unsuitable (marginal) land will rise. This is a major challenge, as
productivity from land and water in many tropical regions will decline due to land
degradation. However, the farming schemes have been frequently faced with problem
of climate change and climate variability which draws attention to many stakeholders
to solve the problem. Kangalawe et al. (2011) argues that vulnerability to negative
impacts of climate change is influenced by the inadequate adaptive capacities of the
communities to respond and cope with the ongoing changes. Thus, assessment of
vulnerability need to focus more on adaptive capacity and resilience amongst
communities and/or related institutions, while considering the nature of available
freshwater resources in each geographical area. Irrigation farming schemes differ in
their relative vulnerability to climate change impacts. For example, large and medium
scale irrigation will respond less rapidly than smaller traditional irrigation schemes
exposed to the same extent, type, and rate of climate change. Similarly, individual
farmers will respond and adapt to the ongoing changes differently, thus requires a
better understanding of adaptive capacity and resilience mechanisms at households

and farm levels.

2.5 Resilience of Dry Land Irrigation Farming Schemes to Climate Change.

The concept of resilience was first defined by Holling (1973) as a measure of how far
the system could be disturbed without shifting to a different regime. Other scholars
such as Gunderson and Holling (2001) define resilience as the capacity of a system to
undergo disturbance and maintain its functions and controls. Walker et al. (2004)
added that while the system (such as socio-ecological systems) is disturbed, it has to
reorganize and undergo change so as to still retain essentially the same function,
structure, identity, and feedbacks. Similar definition were provided by Stockholm
Resilience Centre (2007); where they describe resilience as the capacity of a social-
ecological system both to withstand perturbations from, for instance, climate or
economic shocks and to rebuild and renew itself afterwards (Stockholm Resilience
Centre, 2007). The IPCC (2007) provided comprehensive definition on the same

framework as the ability of a social or ecological system to absorb disturbances while
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retaining the same basic structure and ways of functioning, the capacity for self-

organisation, and the capacity to adapt to stress and change.

The 5% Assessment Report added that the socio-ecological systems has to adapt
(process of adjustment to actual or expected climate and its effects) and
transformation itself (change in the fundamental attributes of natural and human
systems). It explain that in some natural systems, human intervention may facilitate
adjustment to expected climate and its effects so as to ensure the socio-ecological
systems reflects the strength and add values towards promoting adaptation for
sustainable development, including poverty reduction. This will ensure the resilient or
capacity of social, economic, and environmental systems to cope with a hazardous
event or trend or disturbance while responding or reorganizing in ways that maintain
their essential function, identity, and structure, while also maintaining the capacity for

adaptation, learning, and transformation.

The impacts of climate change has resulted in increased vulnerability of irrigation
farming for smallholder farmers in marginal areas of Tanzania where farmers have
limited capacity to adapt to changing climate impacts (Mahoo, 2009; Mary and
Majule, 2009; URT, 2012; Fischer et al. 2013; Kihupi et al. 2015). As irrigation
farming schemes (dry land irrigations) increasingly being affected by climate change
and become more vulnerable, so does the farming schemes and farmers respond and
adapt to these changes. Several approaches have been used by the dry land irrigation
farmers to respond, adapt and cope with these changes to provide the required
outputs. Most of the literature suggests that different approaches have been used by
different irrigation farmers to respond, adapt and cope with climate change impacts in
vulnerable and affected areas by climate change impacts. For example, one approach
that has been used to adapt to changing climate is in-field water harvesting for
improved crop yields in the semi-arid regions of Makanya Sub-catchment area
(Fischer et al. 2013). Different management techniques have been suggested to
improve water productivity and produce “more crop per drop of rain” (Rockstrom et
al. 2010). Water harvesting systems are among the technologies that have shown
substantial productivity improvements in different arid and semi-arid regions in

Tanzania (Hatibu et al. 2000; Tagseth, 2010; Fischer et al. 2013).
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Similar technology (on farm rain water harvesting systems) has been used elsewhere
in Tanzania where there is low rainfall to cater for moisture deficits required for crop
production (Hatibu et al. 2000; Mary and Majule, 2009). A good example of climate
change adaptation strategy is the more efficient use of available rain water, such as
rainwater harvesting system to reduce drought vulnerability for communities living in
the impacted arid and semi-arid areas of Tanzania (Kangalawe et al. 2011). With
improved in-field water harvesting, harvested rainfall can possibly sustain crop
production during the dry season and this will reduce crop failures and may ultimately
lead to improved household food security. In areas where it has applied, water
harvesting systems has proved to build resilience to climate variability and thereby

result in sustainable agricultural intensification.

Nyamadzawo et al (2013) argues that in order to reduce the vulnerability to
smallholder farmers in arid and semi-arid regions to climate change and climate
variability, and to increase the resilience to climate change there is need to optimize
in-field water harvesting techniques so as to maintain moisture require for crop
production and improve crop yields. The efforts of improving soil moisture by
harvesting rain water is driven by farmer’s own innovations, simple and available
water harvesting technologies from other regions, and future directions of water
harvesting in arid and semi-arid marginal areas of Tanzania. For example, Shetto and
Owenya (2007) reported on use of improved farming systems such as conservation
tillage and mulching as a means of conserving soil moisture and improving crop
productivity in areas affected by low rainfall. Kangalawe et al (2011) suggest that due
to highly variable rainfall, long dry seasons, recurrent droughts and dry spells as well
as floods, water management is often a key determinant for agricultural production
and productivity in arid and semi-arid regions in Tanzania. Yields can be significantly
enhanced by improved water management. Thus, in the global water crisis and
scarcity due to increased climate change impacts and variability, water and soil
moisture management in irrigated agriculture is not only to secure the water required
for food production during dry season, but also to build resilience for coping with

future water related risks and uncertainties.

Other scholars such as Carretta et al. (2015) observed the use of intercropping

(different crops such as maize with beans and cowpeas on the same field) as a strategy
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used by local farmers in Engaruka, Tanzania to adapt to the changing weather and to
improve soil moisture and fertility. The strategy for intercropping is to increase soil
cover and harvest (more than single crop on the same field) while maintaining soil
moisture especially in drought prone areas. Mmbaga and Friesen (2003) observed that
moisture measurements taken at different maize stages indicated higher moisture
retention in intercropped field (with maize/legume) compared to maize alone and bare
land. The study suggest that intercropping in arid and semi-arid regions is a way to
grow a staple crop and retain more moisture, especially during critical moisture
requirements by crops while obtaining several benefits/yield from the additional crop
per a small area of land. Having a variety of crops in one field means reduction in
weed populations and soil moisture loss, however care should be taken during choice
of crops so as to reduce competition for water and nutrients uptake. Furthermore,
mixing different crops means increased development to crop pests and disease attacks
in the future. Another coping strategy used by local farmers includes planting of
drought tolerant crops/varieties like sweet potatoes, sunflower, cassava and planting
early maturing varieties of sorghum, maize and beans. Majule et al. 2013 adds that the
emergence of more crops tolerant to drought seem to be good options for farmers in

the area affected by rainfall variability and drought.

In major river basin of Tanzania where there are different competing end users, water
allocation has been reported as an important strategy to cope with water scarcity and
deficit (Shemsanga et al. 2010; URT, 2012; ASDP, 2013). Kangalawe et al. (2011)
observed that farming communities around Great Ruaha river basin have devised
different coping strategies including practicing irrigation to provide supplementary
water to crops, using drought tolerant crop varieties, rationing of irrigation water in
farmlands, wetland cultivation, and diversification to non-agricultural activities.
Tagseth (2010) observed that although water management has been a traditional
practice for generation along the slopes of Mount Kilimanjaro, water allocation and
rationing has been frequently used as a means to save water due to decreasing rainfall
and increasing competition from farmers as a result of growing population. Due to
increasing end users, water rights, water transfer and water allocation and rationing
has been also practiced along Pangani river basin (Komakech et al. 2012). Similar
findings were reported by farmers in arid and semi-arid areas of Northern and

Western Pare in Kilimanjaro region where water allocation and rationing is a common
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practice to cater the impact of water shortage (Mul et al. 2009; Ikeno, 2011). The
introduction of irrigation timetables for all members of the community to ensure every
farmer gets water (in traditional canals) according to specified rounds was reported as
an important attribute of farmers coping with water scarcity particularly in rice fields

in Great Ruaha River Basin (Kangalawe et al. 2011; ASDP, 2013).

Many small scale irrigation farmers adopt different strategies to avoid, mitigate or
minimize risk arising from climate change impacts particularly scarcity of water. For
example, irrigation farmers have even resorted to the use of waste water as a measure
to counteract the lack of moisture during dry season. A research study by Ngowi et al.
(2015) observed that the use of low-quality irrigation water in Morogoro for vegetable
production has several benefits. The study revealed that the perception of irrigation
farmers on waste water includes several benefits such as the availability of water
throughout the year, highest soil and crop nutrients in irrigation water, less costs of
buying commercial fertilizers, vegetable production all year round, sustainable
income generation from selling vegetables and also jobs creation in the community

among farmers and vegetable sellers.

Other strategies adopted by irrigation farmers to cope with climate change includes
engaging in various socio-economic activities to diversify their income sources.
Kangalawe et al. (2011) reported that wetland cultivation and migration to other areas
(in search of casual labour/jobs and water) such as Morogoro (Kilombero, Mbingu
area), have become common among community members in the Mpolo catchment as
a strategy to cope with ongoing decreasing water for irrigation around Great Ruaha
River Basin. Kangalawe et al. (2011) adds that other local coping strategies reported
in Tanzania include engagement in alternative enterprises that are not climate
dependent such as raising and selling poultry-chickens as well as quarrying so as
diversify income during harsh climatic condition. In study area, narration for
individual farmers and key informants supported the argument of poultry farming as
well as animal husbandry. Report from agricultural census survey indicates that most
farmers in the affected villages (where there is decrease in rainfall) were also reported
to sell livestock (including chickens), providing agricultural and casual labour in large
scale farms, and selling charcoal and handcraft products (URT-vh, 2012; URT-vi,

2012) as a means of generating income needed for the family.
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The availability of timely relevant information (from relevant authority) on climate
change have been seen as a strategy to cope with impact of climate change during
disaster, for example in the event of drought or floods (URT, 2007; Shemsanga et al.
2010; Watkiss et al. 2011). Farmers who receive relevant information (including local
knowledge) prior to the onset of farming season have been reported to cope better
with any adverse effects of climate change compared to farmers with little or no
information (Kangalawe et al. 2011; Majule et al. 2013). Thus proper information
(from agricultural extension services and meteorological agency) on planting date,
crop variety, water fluxes, temperature variability and pest control are important for
irrigation farmers to adapt and cope with the impacts of climate change. Majule et al.
(2013); suggest that timely availability of relevant information on climate change had
positively reduced vulnerabilities of the farmers to climate change impacts and

resulted in increased crop yields and income generation.

The coping and adaptation strategies of the smallholder farmers depend, to a very
large extent on their perception knowledge level and sources of information about
climate change available to them (Kangalawe et al. 2011; Majule et al. 2013; Kihupi
et al. 2015). However, perceptions are influenced not only by actual conditions and
changes, but also by other factors such as socioeconomic, environmental and
institutional factors as well as the economic structure. Weber, 2010 believes that most
farmers’ knowledge and exposure to climate change have been influenced indirectly
by the media reporting various events on climate change occurring elsewhere. Deressa
et al. (2008) concluded that farmers’ education, access to extension and credits,
climate information, social capital and agro-ecological settings have great influence in
farmers’ choice of adaptation methods to climate change while financial constraints
and lack of information about adaptation methods hinders the farmers’ uptake of other
adaptation methods. According to Majule ef al. 2013 most farmers are aware of the
adaptive strategies to put in place in their fields, however they are limited in
implementing them because of lack of information for example about the on-set of the
rain season (Mubaya et al. 2010), lack of information about appropriate seeds to plant
and types of new crops to grow (Kangalawe et al. 2011) and also on how to

appropriately manage soils and water under dry conditions.
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For the irrigation farming schemes to adapt and cope with climate change impacts; the
choice of adaptation methods depends on a range of variables which are considered
important for the availability, accessibility and affordability of particular adaptation
methods. The key lesson from the above descriptions is that integrated adaptive
management to climate change interventions may help build a more resilience
irrigation farming schemes and reduce vulnerability of irrigation farming to climate
change impacts while improving yields and income of poor farmers. URT, 2012
suggest that in order to forge adaptive capacity in agriculture through irrigation, the
government and other key stakeholders should continuously strive to increase the
investment in irrigation development over the National irrigation Master Plan target

of 5.4% to reach at least 15% area growth rate per annum.

2.6 Research Gap

Generally, based on the literature study, there are scant data available about irrigation
farming schemes and food security as well as climate change impacts but these data
do not complement each other (Mkavidanda and Kaswamila, 2001; Majule and
Mwalyosi, 2003; Sokoni and Shechambo, 2005; Deressa et al. 2008; Fische et al.
2013; Sanga et al. 2013; Ngowo et al. 2015). Most research has tended to be
generalised or limited in terms of geographical coverage and culture (Mkavidanda and
Kaswamila, 2001; Majule and Mwalyosi, 2003; Sokoni and Shechambo, 2005; Mary
and Majule, 2009; Tagseth, 2010; Carretta et al. 2015). Some studies focus on
particular scope or field with limited knowledge or interrelationships on vulnerability
and resilience of irrigation farming to climate change. Few researches provide
solution (technological innovation and intervention) (Kangalawe et al. 2011; Kihupi
et al. 2015), however without a deeper understanding of how vulnerable and resilient
the dry land irrigation farming schemes is to climate change; any intervention or
technology innovation would be too difficult for local farmers to adapt or too costly
for farmers to purchase. As a result this will contribute to poor productivity; thus
calling for an in-depth understanding of the issue at local level since best practices
(lessons) such as dry land irrigation farming schemes can be easily transferred across
a small scales of agricultural production in many rural areas which have similar

geographical, socio-economic and cultural conditions.
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Various information that have been collected from study and analysed; have provided
some of the missing in-depth knowledge and understanding on how dry land irrigation
farming schemes is vulnerable to climate change impacts. The information also share
a light on few how other factors interplay and render the dry land irrigation farming
schemes more vulnerability to climate change. Responses from local farmers and field
observation have also indicated the ability (resilience) of the farming practices to cope

with the already ongoing climate change impacts.

The climate change impact is a global phenomenon while adaptation is largely site-
specific (IPCC, 2007; IPCC, 2014). A common disadvantage for most local
adaptation and coping strategies is that they are often not documented, but rather
handed down through oral history and local expertise. With increasing levels of
adverse effects of climate change such as drought and floods (Shemsanga et al. 2010;
Yanda and Mubaya, 2011; IPCC, 2012), dry land irrigation farming schemes will
likely be facing with a new bigger problem of vulnerability and resilience against
climate change impacts. Worldwide, there is an increasing literature on vulnerability
and resilience to climate change (Mary and Majule, 2009; Ekblom, 2012;
PROLINNOVA, 2012; Tropentag, 2012; Sanga et al. 2013; Kihupi et al. 2015).
However, the lessons on vulnerability and resilience from one country do not
necessarily apply to other countries with similar biophysical systems (Adger et al.
2007; Boko et al. 2007; Ekblom, 2012; Gitz and Meybeck, 2012). However, as
described above best practices (best lessons at local level) such as dry land irrigation
farming schemes can be easily transferred across small scales of agricultural
production due to many factors such as similar geographical condition, socio-
economic and cultural factors. To address these challenges at regional and local level,
a careful understanding of how vulnerable and resilient dry land irrigation farming
schemes is to climate change is of paramount importance so as to enhance food
security, reduce poverty and mitigate climate change. The productivity and
sustainability of dry land irrigation farming schemes is of great concern due to
increasing impact of climate change as well as how to mitigate the problem in rural
areas of arid and semi-arid with little or no access to technology and funds (IPCC,

2012).
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2.7 Summary

This chapter provided general overview of agricultural production worldwide and in
Tanzania. The main focus was small scale irrigation farming practices and its
vulnerability and resilience. Several challenges facing agricultural production and
particularly irrigation farming practices such as overdependence on rainfalls,
unsustainable water withdraw, poor farming practices, technological innovation, poor
markets and poor policy were clearly described. Attention was given on the impacts
of climate change on irrigation farming and how exposure (vulnerability) to the
adverse effects of climate change impacts affects small-scale irrigation farming
schemes such as dry land irrigation farming. At the same time many features of the
vulnerability (such as exposure and sensitivity to climate change impacts) and
resilience (adaptive capacity of farmers) with respect to irrigation farming schemes
were described and elaborated here. Finally, in this chapter, the research gap on
vulnerability and resilience of dry land irrigation farming schemes against climate
change impacts were described to elaborate how other scholars failed to address the

problem.
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CHAPTER 3: CONCEPTUAL FRAMEWORK AND KEY CONCEPTS
3.0 Introduction

The focus of this chapter is on the conceptual framework and key concepts used in the
current thesis. Theories, concepts and terms discussed here aim to provide a
theoretical framework for the analysis of this study. In this chapter, several elements
related to climate change adaptation process within the context of vulnerability,
adaptation and resilience, for example, are examined, analysed and explained with the
view to broadening understanding of their linkage to irrigation farming practices in
South Eastern Tanzania. The chapter starts by providing an overview and conceptual
development of vulnerability and resilience in the framework of climate change
impacts and adaptation. The chapter define the concepts of vulnerability by build-up
on historical evolution and development of concepts and its uses in various aspects of
socio-ecological context. Additionally, the chapter explain different causes and
approaches to vulnerability, their critique and provide a pathway for vulnerability

assessment in this study.

The conceptualization of term vulnerability and its variations across research domains
have been clearly described in this chapter. The chapter advances the understanding
of vulnerability as flexible, diverse and adaptive in both time and space by
considering the notions of vulnerability assessment and pathways. The basic
components of vulnerability are described here while vulnerability framework for dry
land irrigation farming scheme is drawn and constructed here. Later in the Chapter,
attention is given to the adaptive capacity, interconnectedness and the way various
elements within socio-ecological resilience framework can possibly explain the
situation in this research. Finally, the chapter describes resilience of dry land
irrigation farming schemes and possible factors affecting farming practices (exposure
and sensitivity), different changes in the farming practices (adaptation options) and
the efforts farmers use to encounter the effects of climate change impacts (coping
strategies) which are portrayed in the conceptual framework developed to guide this

study.
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3.1 Defining the Concept of Vulnerability.

The concept of vulnerability has many meanings as it is being used in a wide variety
of contexts and in many different fields; however a traditional definition of
vulnerability is rooted in the context of natural hazards and sustainability science
(Fiissel, 2005). The concept of vulnerability was first introduced within the discourse
on natural hazards and disaster in 1970’s (O'Keefe et al. 1976). During this time
many natural hazards and disasters caused serious damage to ecosystem and people
with irreversible damage as some of the ecosystems fail to absorb shock/stress while
people fail to predict and manage the aftermath of the disaster impact. White (1974)
explained the concept of vulnerability as inability of a modern society to cope
effectively with natural hazards in the environments by relying solely upon
technological solutions instead (must be) the skilful sensitive use of a wide range of

adjustments such as land management and social regulation.

Since its inception in the 1970’s; several definitions of vulnerability have emerged
relating the term with global environmental change and human society. Although
different definitions of the term vulnerability exist with different meanings; Fiissel
(2005) emphasized that the term ‘vulnerability’ can only be used meaningfully with
reference to a particular vulnerable situation (i.e., assessment context). Examples of
such assessment context can be earth quakes, famine, drought, floods, deforestation,
insecurity and civil unrest among others. According to Amit et al. (2007) vulnerability
is also understood as being connected with social and economic conditions relating to
people’s livelihoods such as people with few or fragile resources, low caste or class,
poor education, lack of savings and so on. Timmermann (1981) explained that since
the term has a broad use; if not careful described to indicate areas of greatest concern
or focus the term will be useless and meaningless. Other scholars define vulnerability
as exposure to contingencies and stress, and the difficulty of coping with these
exposures (Chambers, 1989; Mitchell et al. 1989; Swift, 1989). The term has also
been related or equated to concepts such as resilience, marginality, susceptibility,
adaptability, fragility, and risk (Liverman, 1990). A leading definition of vulnerability
from natural hazards was developed by Blaikie et al. (1994) incorporating
characteristics such as capacity to anticipate, cope with, resist and recover from the

impacts of natural hazard.
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In both cases above, vulnerability is seen as exposure to natural hazard/event and
inability to cope with unpredictable changes or consequences. The above definitions
(Watts and Bohle, 1993; Blaikie et al. 1994) fit with current studies on vulnerabilities
(Gbetibouo and Ringler, 2009; Pasteur, 2011; Cardona et al. 2012; Chikodzi et al.
2012); however there are other hazards that are not natural and may render the system
or society exposed and become more vulnerable. Adger (1996) for example identifies
two components of vulnerability as the effects that an event may have on humans
(referred to as capacity or social vulnerability), and the risk that such an event may
occur (referred to as exposure). Exposure, susceptibility and capacity explain the
vulnerability of a system or society but still there are missing information about the
complete and specific definition of term vulnerability as to what system or group is
exposed to what hazard/event and the likelihoods of the system or group to fail in
sustaining that exposure to natural hazard/event. Scholars such as Brooks (2003)
suggests that one “can only talk meaningfully about the vulnerability of a specified
system to a specified hazard or range of hazards”, and to distinguish between ‘current’
and ‘future’ vulnerability. According to Edger et al. (2004) a system or exposure unit
may be a region, population groups, community, ecosystem, country, economic

sector, household, business or individual.

According to Adger (2006); although a number of traditions and disciplines, from
economics and anthropology to psychology and engineering, use the term
vulnerability; it is only in the area of human — environment relationships that
vulnerability has common, though contested, meaning. Definitions of vulnerability to
global environmental stress and natural disasters vary considerably, however a formal
definition of the concept of vulnerability can be taken from the literature on
sustainability science where “Vulnerability is defined as the degree to which a system,
subsystem, or system component is likely to experience harm due to exposure to a
hazard, either a perturbation of stress/stressor (Turner et al. 2003; Fiissel, 2005;
Adger, 2006)”. The term vulnerability can be understood in terms of physical
exposure to specific hazards such as people living in low lying areas or river banks
are vulnerable to flooding while people living in mountainous areas are prone to soil
erosion and loss of soil fertility. Vulnerability can also be described based on the
characteristics of the vulnerable system, the type and number of stressors and their

root causes, their effects on the system, and the time horizon of the assessment
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(Fussel, 2004). Luers (2005) explains that the primary objective of vulnerability
assessment is to identify people, systems or places that are most susceptible to harm

and to identify vulnerability reducing actions.

In this study I particularly focused on the vulnerability and resilience of dry land
irrigation farmers and their farming schemes against climate change impact along the
Ruvuma Basin, South Eastern Tanzania. Combining Fiissel (2007) (sustainability
science) and Luers (2005) (global environmental change); definition on vulnerability;
this study focused on effects of climate change (here referring to temperature and
rainfall) on dry land irrigation farming schemes (here referring to socio-ecological
system) and (in) ability of dry land irrigation farmers (here referring to people) to cope
with the stress/disturbance along the Ruvuma Basin (referring to place) in South
Eastern Tanzania. Although there is considerable diversity of theories and definition
of the term vulnerability in the existing literature; this study define the term as the
sensitivity or exposure of an irrigation farming schemes to climate variability
(temperature and rainfall) relative to a threshold of damage (stress/disturbance), and
(in) ability of dry land irrigation farmer’s to adapt and cope with changing conditions

(Adopted from Turner et al. 2003; Luers et al. 2005; Fiissel, 2007 and IPCC, 2007).

The IPCC (2007) 4™ assessment report prescribed a definition of vulnerability that
relates almost entirely to climate change: “The degree to which a system is
susceptible to or unable to cope with, adverse effects of climate change, including
climate variability and extremes”. By focusing on the above definitions, the character,
magnitude, and rate of climate change and variation to which a dry land irrigation
farmers and their irrigation farming schemes are exposed to, their sensitivity and their
adaptive capacity will be a major concern (adapted from IPCC, 2007). In a summary
(see table 3.1 below); vulnerability research has largely evolved from three academic
communities i.e. natural hazards (White, 1974; O'Keefe et al. 1976; Mitchell et al.
1989; Blaikie et al. 1994); development and food security (Sen, 1981; Chambers,
1989; Bankoff, 2004; Watts and Bohle, 1993; FAO, 2001) and climate change (Luers
et al. 2003; Turner et al. 2003; O’Brien, 2004; IPCC, 2007 and Fiissel, 2007).
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Table 3.1: Summary of approaches to vulnerability definition

S/N

Category

Definition of Vulnerability

Scholars

1

Natural hazard

The characteristics of a person or group
in terms of their capacity to anticipate,
cope with, resist, and recover from the

impact of a natural hazard.

White, 1974;
O’Keefe et al. 1976;
Blaikie et al. 1994 ;
Bankoff, 2004

2 Development | The exposure to contingencies and Sen, 1981; Watts and
and food stress, and difficulty coping with them. | Bohle, 1993; Adger,
security (external side of risks, shocks and stress | 1996; FAO, 2001;

to which an individual or household is Agder, 2006; Fraser,
subject; and an internal side which is 2006; Gbetibouo and
defencelessness, meaning a lack of Ringler, 2009;
means to cope without damaging loss.” | Cardona et al. 2012

3 Climate The degree to which a system, | Turner et al. 2003;

Change subsystem, or system component is | O’Brien, 2004;
likely to experience harm due to | Luers, 2005; Fiissel,
exposure to a hazard, either a | 2007 and IPCC, 2007
perturbation or stress/stressor

4 IPCC 4 The degree to which a system is | [PCC, 2007
Assessment susceptible to, and unable to cope with,

Report adverse effects of climate change,
including climate variability and
extremes. Vulnerability is a function of
the character, magnitude and rate of
climate change and the variation to
which a system is exposed, its sensitivity
and its adaptive capacity.

5 Adopted The sensitivity or exposure of an Adopted from
definition (for | irrigation farming schemes to climate (Turner et al. 2003;
the purpose of | variability (temperature and rainfall) Luers et al. 2005;
the study relative to a threshold of damage and Fiissel, 2005 ; IPCC,

(in) ability of irrigation farmer’s to

adapt and cope with changing conditions

2007).
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3.2 Causes of Vulnerability.

Vulnerability as a concept is rooted in the context of natural hazards and sustainability
science (Turner et al. 2003; Fiissel, 2005). Traditionally, the causes of vulnerability
were exposure to contingencies and stress such as natural hazards (earth quakes,
drought and floods) and the difficulty of coping with these exposures (Chambers,
1989; Mitchell et al. 1989). The exposure to natural hazard/event and inability to cope
with unpredictable changes has been seen as the major cause of vulnerability;
however there are other hazards that are not natural and may render the system or
society exposed and become more vulnerable (Sen, 1981; Watts and Bohle, 1993).
Other factors that are additional sources of vulnerability to any society or ecological

systems include famine, deforestation, insecurity and civil unrest among others.

In recent times, vulnerability has become a major issue to consider for research on the
human dimensions of global environmental change (Obrien et al. 2004) due to the fact
that human population, their activities and various socio-ecological systems have been
exposed to various external forces apart from natural hazards/events. Current
literature on vulnerability and climate change impact have changed the focus from
external factors (bio-physical) to include internal factors such as social (systems) and
political (decisions) causes of vulnerability to a specified socio-ecological system,
region, sector or people (Luers et al. 2003; Turner et al. 2003; Fiissel, 2004; IPCC,
2007; Malone, 2009; Chikodzi et al. 2012). This study focused on both external
factors (bio-physical such as temperature and rainfall) and internal factors (social
system-farming schemes) as the causes of vulnerability. According to Pasteur (2011);
the causes of vulnerability are multi-dimensional due to the exposure of socio-
ecological systems and people to various internal and external forces or stimuli (see

figure 3.1 below).
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Figure 3.1: Vulnerability Framework. Source: Pasteur, 201 1.

The causes of vulnerability becomes vital important when attempting to assess
vulnerable groups or socio-ecological systems as the causes vary between
communities or social systems, between social groups in a community, between
households and between people within a household and the effect of vulnerability are
unevenly distributed in time and space (Adger et al. 2004). In order to effectively
address and manage vulnerability, it is essential to understand how vulnerability is
generated, how it increases, and how it builds up (Obrien et al. 2004; Cardona et al.
2012). For example on the same geographical location; people living in marginal land
are vulnerable to poor productivity due to lack of soil fertility/moisture while people
living along the river embankments or flood plains areas are vulnerable to poor

productivity due to exposure to frequent floods and not due to lack of fertile soil.

Though in the study area, the causes of vulnerability are multidimensional, this study
focused on impact of climate change (femperature and rainfall) and social
systems/attributes (farming practices) as the causes of farmer’s vulnerability and its
associated consequences on dry land irrigation farming schemes. Other factors and
conditions determining the vulnerability of dry land farmers and their farming
schemes in the study area such as socio-ecological condition and political factors have
been considered so as to find out more about the interconnectedness of climate change

impact and other influencing factors. According to Cardona et al. (2012);
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vulnerability describes a set of conditions of people that derive from the historical and
prevailing cultural, social, environmental, political, and economic contexts. In this
sense, vulnerable groups are not only at risk because they are exposed to a hazard but
as a result of marginality, of everyday patterns of social interaction and organization,
and access to resources (Watts and Bohle, 1993; Bankoff, 2004). Malone, 2009
argued that for poor people, vulnerability is both a condition and a determinant of
poverty, and refers to the (in) ability of people to avoid, cope with or recover from the
harmful impacts of factors that disrupt their lives and that are beyond their immediate
control. This includes the impacts of shocks (sudden changes such as natural hazards,
collapsing market prices) and trends (for example, gradual environmental
degradation, or access to information). For example, Krone et al. 2014 posited that the
increasing use of mobile phones results in positive contributions to the economic
activities of horticultural farmers in the Mwanza region as it allows farmers to access
different vital types of knowledge such as transaction (payment, market price for
vegetables), farm supplies/inputs and how to identify crop diseases or pests. This
means that farmers without access to frequent information and knowledge are
increasingly becoming vulnerable and their farming schemes are exposed to other set
of stressors such as pests or high cost of production. Therefore, integrated and
multidimensional approaches are highly important to understanding causes of

vulnerability. Table 3.2 indicate summary of evolution of the causes of vulnerability.

Table 3.2: Summary of approaches to vulnerability definition

S/N | Vulnerability Causes Scholars/Source

1 Natural Exposure to natural hazards such as earth | White, 1974;
vulnerability quakes, volcanic eruption) O’Keefe et al. 1976;

2 Social The exposure to insecurities (famine, Sen, 1981; Watts and
vulnerability conflicts) and lack of entitlements Bohle, 1993; Adger

(assets, knowledge, income) and

difficulty coping with changes.

et al. 2004; FAO,
2001; Malone, 2009

3 Biophysical or
climate change

vulnerability

Exposure to continuous climatic stimuli
(mean increase in temperature or rainfall)
and discrete climatic hazard such as

drought or floods

O’Brien, 2004;
Luers, 2005; Fiissel,
2007 and IPCC, 2007
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3.3 Conceptual Approach for Vulnerability Assessment.

The conceptualization of term vulnerability varies significantly across research
domains, and it has evolved over time and space (Fiissel, 2007); however many
assessment approaches characterize vulnerability according to the degree of
susceptibility or fragility of communities, systems or elements at risk and their
capacity to cope under hazardous conditions (Birkmann et al. 2015). The existence of
variation has been contributed by scholars from different fields of specialization
having a tendency to conceptualize vulnerability differently based on the objectives to
be achieved and the methodologies employed in a particular research (Adger, 2000;
Luers et al. 2003; Turner et al. 2003; O’Brien et al. 2004; Fiissel, 2005; Malone, 2009;
Chikodzi et al. 2012; Cardona et al. 2012). For example in the natural science
research communities often focus on the quantification of different factors of
vulnerability (Turner et al. 2003; Kienberger et al. 2009) while in social science
approaches often encompass a broad focus and examine, in particular, the likelihood
that an individual household or a community will suffer harm or experience losses
related to environmental hazards, as well as the context conditions that influence
social vulnerability (Kok et al. 2015; Tucker et al. 2015; Wisner et al. 2004). These
differences limit the possibility of having a universally accepted definition and
methodological approach to assessing vulnerability against which the appropriateness
of a given concept or method can be judged (Deressa et al. 2008). The diversity of
conceptualizations is seen primarily as a consequence of the term ‘vulnerability’
being used in different research domain and policy contexts, referring to different
systems being exposed to different hazards over time and across different
geographical conditions. The multidisciplinary vulnerability framework developed by
various researchers (such as Turner et al. 2003; Luers, 2005; Fiissel, 2005; Nelson, et
al. 2010; Cardona et al. 2012) illustrates the complexity and interactions involved in
vulnerability analysis, drawing attention to the way in which multiple socio-political
and physical processes, operating at different spatial and temporal scales, produce
vulnerability within the coupled human — environment system (Thomalla and Zou,
2008). The knowledge of the existing conceptual and methodological approaches can
act as a guide and help the researcher to choose one of the methods, or combinations
of existing methods when analysing vulnerability for a specific area of interest.

Although a consistent framework and terminology is needed for assessing
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vulnerability of dry land irrigation farmers to climate change; this study assumes that
there is no single ‘correct’ or ‘best’ conceptualization of vulnerability. According to
Deressa et al. (2008); there are three major conceptual approaches to analysing
vulnerability to climate change: the socio-economic assessment, the biophysical

(impact assessment), and the integrated assessment approaches.

In the case of socio-economic approach; here vulnerability assessment is referred as

the “starting point” (Kelly and Adger, 2000; Watts and Bohle 1993; Fiissel, 2007). It

is largely pertaining to the social, economic, and political aspects of society and it
focuses on the assessment of the socio-economic and political status (such as income,
yield, livelihoods, and economics) of individuals or social groups (Singh et al. 2014;
Adger, 2000). The first approach considers vulnerability as the “starting point,” i.e. as
a state that exists within a system before it encounters a hazard event (Kelly and
Adger, 2000; Brooks, 2003). Here, the term vulnerability is viewed as (in) ability of a
system to respond and cope with that hazard, rather than by what may or may not
happen in the future. Kelly and Adger (2000); argues the vulnerability of any
individual or social group to some particular form of natural hazard is determined
primarily by their existent state, which is their capacity to respond to that hazard,
rather than by what may or may not happen in the future. For example; the drought
will result in a set of unique impacts to the farming scheme, depending not only on its
severity and duration, but also on a society's social, economic and environmental
conditions (Singh et al. 2014). The question on sensitivity and exposure as well as
resilience of the dry land irrigation farming scheme to climate change was posed in

using approach in order to understand the social, economic, and political impacts.

Further studies show that this approach also draws on the entitlement literature
regarding access to resources, on the political economy literature in explaining the
factors that lead to vulnerability, and on the social capital literature for the means of
claiming entitlements and pursuing coping mechanisms (Deressa et al. 2008; Adger
1996). According to Gbetibouo and Ringler (2009); in this approach vulnerability is
determined by the internal properties of a system, and is a variable condition
generated by multiple environmental and social processes, including climate change
impact. Thus, the starting point approach diagnoses inherent social and economic

processes of marginalization and inequalities as the causes of climate vulnerability,
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and seeks to identify ways to address these processes (O’Brien et al. 2004). In
general, the socioeconomic approach focuses on identifying the adaptive capacity of
individuals or communities based on their internal characteristics. The main
limitations of the socio-economic approach are that it focuses only on the variations
within society or social groups (Gbetibouo and Ringler, 2009). The approach
overlooks exogenous or environmental factors. In reality, societies or household vary
not only due to socio-economic and political factors but also to due to environment-
based intensities, frequencies, and probabilities of environmental shocks, such as
drought and flood (Singh et al. 2014; Deressa et al. 2009). For example, the approach
does not account for the availability of natural resource bases to potentially counteract
the negative impacts of these environmental shocks — for example, areas with easily
accessible underground water can better cope with drought by utilizing this resource
(Deressa et al. 2009). In other words, different groups or households in the same
location may experience very different levels of vulnerability which calls the need for

a wider focus on other approach to vulnerability assessment.

In the case of biophysical approach, here vulnerability assessment is referred as the

“end point”; vulnerability is described in terms of the amount of (potential) damage
caused to a system by a particular climate-related event or hazard (O’Brien et al.
2004; Luers, 2005). Fiissel (2007) identified this approach as a risk-hazard approach
and denoted the vulnerability relationship as a dose-response or exposure-effect
relationship in epidemiology, and a damage function in macroeconomics. Gbetibouo
and Ringler (2009) explain that in this approach; vulnerability is understood as a
residual of climate change impacts minus adaptation; it is therefore the net impact of
climate change. The attributes in end point analysis includes the susceptibility,
sensitivity or exposure of a system to climatic variables such as rain fall or
temperature. In additional to damage caused to a system by a particular climate-
related event or hazard; Deressa et al. (2008) add that this approach assesses the level
of damage that a given environmental stress causes on both social and biological
systems. Kelly and Adger (2000) referred to the biophysical approach as an end-point
analysis responding to research questions such as, “What is the extent of the climate
change problem?” In this study the question of what are the susceptible conditions
(climatic variables-temperature and rainfall) that affect dry land irrigation farmers and

exposing the farming schemes to climate change in the study area was posed.
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Thus, the end point represents a strong scientific understanding of climate change and
other environmental problems (Gbetibouo and Ringler, 2009). An assumed
knowledge of future climate is deeply embedded in end-point analyses in terms of
both impacts and adaptations. In the end point analysis; Deressa et al. (2008) argues
that the yield impacts of climate change can be analysed by modelling the
relationships between crop yields and climatic variables. According to O’Brien et al.
2004, in this approach, assessment of vulnerability is the end point of an analytic
sequence that begins with projections of future emission trends, moves on to the
development of climate scenarios, and then progresses through biophysical impact
studies and the identification of adaptive options. In this study, climatic and weather
data from Tanzania Meteorological Weather station (Mtwara) have been used to

estimate variable projections in climate change scenarios.

Although the end point analysis is very informative and shows/predict the future
climate impact scenarios, the approach has its limitations. The major limitation is that
the approach focuses mainly on physical damages, such as yield, income, and so on
(Deressa et al. 2008). According to Debbie (2014), this perspective neglects the
factors such as social, economic, and political, which shape vulnerability as well as
overlooking coping strategies enacted by individual and corporate actors. For
example, a study on the impact of climate change on yield can show the reduction in
yield due to simulated climatic variables, such as increased temperature or reduced
precipitation (Nelson et al. 2010; Singh et al. 2014). In this case simulations models
can show quantities of yield reduced due to climate change, but it is difficult to
interpret or show what that particular reduction means for different people across the
society. This means that climate change impact does not affects poor farmers the same
way it does for rich farmers. According to Deressa et al. (2008); poor farmers very
often cannot cope with marginal changes in their yields or income, whereas richer
farmers can buffer their loss (smoothen consumption, in technical terms) by
depending on savings or sale of some of their assets. In general, the biophysical
approach focuses on sensitivity (change in yield, moisture) to climate change and
misses much of the adaptive capacity of individuals or social groups, which is more
explained by their inherent or internal characteristics or by the architecture of

entitlements, as suggested by Adger (1999). This addresses the need for including
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other factors or indicators in vulnerability assessment such as socio-economic

indicators that might affect the farmers as a result of climate change.

According to Panthi et al. (2014) there are no consensus on methods to assess
vulnerability, but most assessments entail considering one or more of exposure to
risks, susceptibility to damage and capacity to recover. Vulnerability assessment must
integrate and examine interactions between humans and their physical and social
surroundings. For the case of integrated approach; vulnerability assessment is

referred to holistic approach (IPCC, 2007; Deressa et al. 2008; Cardona et al. 2012;

Singh et al. 2014). This approach combines both the socio-economic and the
biophysical attributes in vulnerability analysis (Fiissel, 2007). In this approach the
vulnerability analysis conceptualizes vulnerability as a function of sensitivity,
exposure and adaptive capacity to events such as drought or floods (Brooks et al.
2005). As describe in the above definition (for the case of study area); this study will
combine the two vulnerability approach e.i. the socio-economic and biophysical
approach. In this case, vulnerability is defined as the sensitivity or exposure of an
irrigation farming schemes to climate variability (temperature and rainfall) relative to
a threshold of damage (stress/disturbance), and (in) ability of dry land irrigation

farmer’s to adapt and cope with changing conditions.

The integrated analysis has also been depicted in the fourth and fifth IPCC assessment
reports (IPCC, 2007 and IPCC, 2014). Even though the integrated assessment
approach corrects the weaknesses of the other approaches, it also has its limitations.
There is no standard method for combining the biophysical and socio-economic
indicators (Deressa et al. 2008; Singh et al. 2014; Li et al. 2015). The relative
importance of different variables used in this approach has not been taken into
account and thus more care is needed in using this approach (Cutter et al. 2000). For
example; this approach uses different data sets, ranging from socioeconomic data sets
(e.g. education, gender and age structures of households) to biophysical factors (e.g.
frequencies of floods, drought) where these data sets certainly have different and yet
unknown weights. The other drawbacks are that it does not take into account the
dynamism in vulnerability (Singh et al. 2014). For the purpose of this study, a
conceptual and methodological approach to vulnerability analysis based on the

literature above (socio-economic, biophysical and integrated) approach was adopted
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in order to develop a conceptual framework of vulnerability for this study (see the
summary of approaches in table 3.3). A pragmatic approach to vulnerability

assessment involves studying how vulnerable a community is compared to others and

which component pushes up the level of vulnerability within the community.

Table 3.3: Summary of approaches to vulnerability to climate change impact

Biophysical Vulnerability | Social Vulnerability | Socio-ecological
(end point) (starting point) resilience
Focal What is the condition Who is vulnerable to | How do farmers deal
question | exposing irrigation to climate change and with changes in
climate change impact? why? climate?
Key Exposure (temperature and Sensitivity and Capacity to learn and
attributes | rainfall variability) exposure adapt and thresholds
Exposure | Dry land irrigation farming | Individual farmers, Socio-ecological
unit schemes system
Definition | Function of the frequency Ability or inability of | The ability of

and severity of exposure to

Climate variability

individuals farmers to
respond to, and cope
with changes from

climate changes

communities to
withstand climate
change shocks to their

Farming schemes

Adapted and modified from Isabel, 2012

While there are differences in approaches, there are many commonalities in
vulnerability research in the environmental arena. First, it is widely noted that
vulnerability to environmental change does not exist in isolation from the wider
political economy of resource use (Neil, 2006). In most rural and marginalised
communities; vulnerability is driven by inadvertent or deliberate human action that
reinforces self-interest and the distribution of power in addition to interacting with
physical and ecological systems. The degree of impact depends on the ways in which
the natural triggering event interacts with particular ecosystems and with the specific
characteristics of the society affected, including its level of economic development;
the types of livelihoods of its members; education levels; and other factors that
generally determine both how vulnerable and resilient the affected population is as

well as what resources are available for adaptation (Neil, 2006; Malone, 2009).
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Second, there are common terms across theoretical approaches: vulnerability is most
often conceptualized as being constituted by components that include exposure and
sensitivity to perturbations or external stresses, and the capacity to adapt (Neil, 2006).
Exposure, sensitivity and capacity to adapt are the three basic block in assessing
vulnerability of a system to perturbations or external stresses such as extreme weather
events (Luers, 2005; Fiissel, 2007; Gbetibouo and Ringler, 2009; Cardon et al. 2012;
IPCC, 2014; Birkmann et al. 2015; Kok et al. 2015 and Tucker et al. 2015).

3.3.1 Basic Components of Vulnerability.

Therefore based on integrated approach (4™ and 5% IPCC assessment reports);
vulnerability can be expressed as the positive function of exposure and sensitivity, but

negative function of adaptive capacity (IPCC, 2007; IPCC, 2014; Li et al. 2015).
Vulnerability = f(Exposure, Sensitivity, Adaptive capacity)

For the purpose of this study; Sensitivity, Exposure and Adaptive Capacity are three
basic components that have been considered in vulnerability assessment (figure 3.2
below). Exposure together with sensitivity represents the propensity and
predisposition of the studied system to be adversely affected by climate change,

whereas adaptive capacity reduces these effects (Nelson et al. 2010; Li et al. 2015).

Climate Change Variability

Exposure Sensitivity
Biophysical Attributes Social Attributes
(Rainfall and (Farming practices,
temperature variability) assets, entitlements)
| [
[
Potential Impact Adaptive Capacity
Dry land farmers and Coping strategies, information,
Irrigation farming Schemes intensification, diversification,
I |
A\ 4
Vulnerability

Figure 3.2: Vulnerability framework. Source: Adapted from Fellmann, 2012.
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Exposure is defined as ‘the extent to which a given system is exposed to climate

change-related hazards’ (IPCC 2007; IPCC, 2014). It has both a biophysical
dimension (the frequency and severity of climate impacts) and a social dimension (the
spatial distribution of populations and assets. The IPCC, 2014 indicate that mean
annual temperatures in the Tanzania is projected to rise by 2.2°C by 2100, with
increases over June, July and August, and lower values (1.9°C) for December,
January, February while total annual rainfall is expected to decrease dramatically
(during wet seasons-OND), mainly as a consequence of decreasing of seasonal
number of wet days. It is generally agreed that increasing temperature and decreasing
precipitation are both damaging to the already hot and water scarce Tanzanian
agricultural sector. Thus, the country’s coastal low lying areas are exposed to climate
variability due to increasing temperature (extreme dry condition) and decreasing
rainfall (with frequent dry spells). In this study, I focused on dry land irrigation
farming scheme being exposed to the impact of climate variability (rainfall and
temperature variability) as biophysical aspects while in the social dimension I
focused on how farmers, their farming practices and their livelihoods are exposed to

climate stimuli mentioned above.

Sensitivity is defined as ‘the degree to which a system is affected, either adversely or
beneficially, by climate variability or climate change’ (IPCC, 2014). Effects may be
direct or indirect. In Sub-Saharan Africa; the agricultural sector’s sensitivity to
climate change is represented by the frequency of climate extremes (Paavola, 2004; Li
et al. 2015). In the study area, I argued that villages soil condition (dark cotton soil,
prone to erosion), poor farming practices and entitlements coupled with greater
frequency of dry spell, extreme dry condition and soil erosion from heavy rainfalls
makes farming schemes responds negatively (i.e., reduced yield). Thus, agriculture in
drought and flood-prone areas is more sensitive in terms of yield reduction. The
determinants of sensitivity include also the extent of dependence on natural resources,
age and health status of the population and access to alternative livelihoods. Exposure

and sensitivity are often considered together in the literature as ‘exposure-sensitivity’.

Adaptive capacity is defined as ‘the whole of capabilities, resources and institutions to
implement effective adaptation measures’ (adapted from IPCC 2007; IPCC, 2014).

Adaptation to climate change is defined as ‘adjustment in natural or human systems in
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response to actual or expected climatic stimuli or their effects, which moderates harm
or exploits beneficial opportunities’ (IPCC 2007; IPCC, 2014). In this study the
measures of sensitivity and adaptive capacity can also be used to represent
vulnerability to climate variability, as dry land irrigation farmers have been adapting
to changes in extreme temperatures and rainfall variability as much as to changes in
mean conditions. Different cropping pattern, farming practices, access to information
and livelihood diversification have been used to assess the capacity to adapt by
different farmers. Determinants of adaptive capacity include assets, institutional
arrangements and entitlement security, knowledge and information, ability to innovate
and the presence of flexible, forward-looking governance (Cardona et al. 2012; Li et
al. 2015). In order to assess the vulnerability of any socio-ecological system; several
indicators can be developed to assess the sensitivity, exposure and capacity to adapt

and cope to climate change impacts (O’Brien et al. 2004; Tucker et al. 2015).

3.3.2 Indicators of Vulnerability.

Several methods have been proposed to measure vulnerability from a comprehensive
and multidisciplinary perspective (Cardona et al. 2012). According to Gbetibouo and
Ringler, 2009; the indicator approach uses a specific set or combination of indicators
(proxy indicators) and measures vulnerability by computing indices, averages or
weighted averages for those selected variables or indicators. In the wider literature,
some authors have taken steps towards developing linked indicator sets for
vulnerability analysis at different scales (e.g. Turner et al. 2003; Cardona et al. 2012;
Tucker et al. 2015). In some cases composite indices or indicators intend to capture
favourable conditions for direct physical impacts — such as exposure and
susceptibility — as well as indirect or intangible impacts of climatic hazard to socio-
ecological systems have been used. The usefulness of indicators depends on how they
are employed to make decisions on risk management objectives and goals (Cardona et
al. 2012). Indicators vary between studies, and as they are proxies for vulnerability to
future changes, it is not possible to test the validity of indicator sets. According to
O’Brien et al. (2004); the vulnerability profile is constructed by combining indices for
adaptive capacity with sensitivity indices that take into account exposure to climate

change.
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In additional to socio-economic and biophysical approach to vulnerability assessment;
the different key indicators showing vulnerability of dry land irrigation farming
schemes against climate change in the study area were identified and studied. In order
to measure sensitivity, exposure and adaptive capacity in the study area, I identified
significant biophysical, socioeconomic, local innovative farming and political factors
that influence dry land irrigation farming schemes (vegetable production). For
example by selecting biophysical indicators such as soil conditions (cover, biomass,
depth) and surface water availability (estimates of annual availability), I assumed that
areas with more productive soil and more surface water available for dry farming
irrigation will be more adaptable to adverse climatic conditions and better able to
compete and utilize the opportunities of irrigation farming business. For
socioeconomic factors, basic indicators such as literacy rates, working force, land
ownership, income and adult were measured. The presence of alternative economic
activities provides an indicator of the ability of dry land irrigation farmers in the study
area to shift to other economic activities in response to reduced yield and income
resulting from adverse climatic conditions such as extreme temperature and drought.
A review by Eriksen and Kelly (2007) found that the choice of indicators greatly
influences the resulting rankings, and composite vulnerability scores alone are not
particularly informative. When dealing with indicators choices, a great care must be
taken into account. For example Aulong and Kast (2011); cautioned that sensitivity
indicators contribute less trivial to vulnerability since some farmers who appears as
more sensitive to market shocks, might not be affected by other factors. In addition,
the application of indices is limited by considerable subjectivity in the selection of
variables and their relative weights, by the availability of data at various scales, and

by the difficulty of testing or validating the different metrics (Luers et al. 2005).

3.3.2 Vulnerability of Dry Land Irrigation in the Study Area

The vulnerability concept is still dynamic as it varies across temporal and spatial
scales and depends on economic, social, geographic, demographic, cultural,
institutional, governance and environmental factors (Folke, 2006). River basins are
good examples of dynamic ecological systems that vary across temporal and spatial
scales. For example, river basins areas are characteristically wet during the rainy

season and characteristically moist during the dry season with variation across the
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river basin and across the landscapes. In the study area, the characteristics of both six
villages studied vary in terms of landscape (marsh land, swamps, and river basins);
soil type (clay, sand, loamy) and water availability (ponds, river flow, canals and soil
moisture). The opportunity of having alternate wet and dry season allows local
farmers to cultivate multiple annual crops based on soil water requirements (Msaky,
2010); however the land across river basins are severely constrained in agricultural
activities disproportionately due to unpronounced floods or prolonged dry season as a
result of climate change (Smit and Wandel, 2006). These conditions render the
farming schemes such as dry land irrigation farming schemes more and more

vulnerable (exposed, susceptible and sensitive condition) to climate change.

The sensitivity, exposure and adaptive conditions are the central themes to this
research and underlie the vulnerability framework approach for this study. Poor
farming practices coupled with variation in landscape, water availability and soil
characteristics makes the dry land farming scheme susceptible to hazards and expose
it to various natural disaster such as drought. As the dry land irrigation farming
schemes becomes vulnerable to climate change; so do the systems become resilience
with the situation through adaptation (intervention and transformation from local
farmers) so as to sustain their farming system throughout. Malone (2009) suggest that
understanding the causes of vulnerability will support analysis of policy options to
address its underlying causes rather than just its symptoms while understanding
resilience and adaptive capacity will provide guidance on where to direct resources to

build on existing strengths or open new areas of support.

As described above in the vulnerability approach (socio-economic approach); in order
to understand dry land irrigation farmers' vulnerability to climate change, the
following important characteristics that dry land irrigation farmers share across the
study area has been assessed:-

(1) Dry land farmers that are constrained by poor soil (clay, sand loamy and
alluvial) that has been affected by salt accumulation (evaporation) and in
some places acidification (water stagnation).

(11) Lack of entitlements such as subsidies, farm inputs, low price for their

vegetables produced, lack of information from extension officers
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(ii1))  Presence of poor land-management practices that can stress the dry land
irrigation farming schemes (increased land degradation) and increase its

sensitivity to exogenous forces such as floods and drought.

Thus the vulnerability of dry land irrigation farming schemes to climatic variability
(temperature and rainfall) and its impacts across dry land farming communities in the
study area requires exploring the existing knowledge or information of the farmers
and the direct/indirect consequences that contribute to vulnerability, and their capacity
to adapt and cope. Other characteristics and aspects of dry land irrigation farming
schemes (farming practices, water availability and soil characteristics) that might

expose irrigation farming schemes to climate change have been studied and analysed.

In the case of biophysical approach, susceptible conditions that expose dry land
irrigation farming scheme to climate change was studied. For a deeper understanding
of these conditions; the question of what are the susceptible conditions (climatic
variables-femperature and rainfall) that affect dry land irrigation farmers and
exposing the farming schemes to climate change in the study area was posed. This
study focused on the climate variables (temperature and rainfall variability) and how
they affect dry land irrigation farming schemes (e.g moisture availability and crop
yield; temperature and farming pattern) along the Ruvuma basin in the selected six
villages. In order to clearly understand dry land irrigation farming schemes'
vulnerability to climate change, the following important characteristics that farmers
share across the study area has been assessed:-

(1) The unbearable dry season (semi-arid) climatic conditions in the study area
where rainfall is unimodal in this area and farming is greatly reliant on its
quantity and quality.

(i1) Dry land irrigation farming schemes (vegetable production) that relies

mainly on surface and groundwater irrigation.

Although the two vulnerability approach (socio-economic and biophysical) analysis
are self-explanatory and shows/predict the future climate impact scenarios, the
approaches have their own setbacks as described in the above section. For example,
the variations within society or social groups and their income status which are

depicted in the yield/harvest produced and their (in) ability to withstand shock or
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adapt to climate change impacts. This indicates that there is no single approach to
vulnerability assessment thus calling for a combined or integrated approach to

examine interactions between humans and their physical and social surroundings.

3.4 Adaptive Capacity

Productivity of rain-fed agriculture in rural Sub-Saharan Africa is severely
constrained by climate variability, particularly in terms of drought and high
temperatures (Midega et al. 2015). Under current climatic conditions these regions
indicates a significant negative effects on already constrained food production, crop
season length, and higher-order social impacts including food security. Most of the
poor rural farmers have limited economic and institutional capacity to cope with, and
adapt to, climate variability and change; particularly those depending on rainfall and
surface water for irrigation (Perez et al. 2015). For example, in the study area the
persistence of rain fall and temperature variability (extreme dry condition, frequent
floods and dry spells) and their potential to change in frequency and severity indicate
the need to develop sound and friendly adaptive strategies to ensure sustainable

horticultural and vegetables production and environmental conservation.

Many definitions of adaptive capacity exist (e.g: IPCC, 2001; Burton et al. 2002;
Adger et al. 2003); broadly speaking it may be described as the ability or capacity of a
system to modify or change its characteristics or behaviour so as to cope better with
existing or anticipated external stresses. Deressa et al. (2008) defines adaptive
capacity as the ability of a system to adjust to actual or expected climate stresses or to
cope with the consequences of those stresses. According to Brooks (2003), the
adaptive capacity of a system or society reflects its ability to modify its characteristics
or behaviour in order to better cope with existing or anticipated external stresses and
changes in external conditions. In socio-ecological systems; Perez et al. (2015) define
adaptive capacity as related to the ability to respond (moderate or offset) actual or
expected climatic and other challenges by altering processes, practices, or structures,

including governance and assets, in order to reduce vulnerability.

The common elements exists in all definition above is system’s ability and capacity;

to adjust or modify or change characteristics; and anticipate or cope with external
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stresses and changes in external conditions. Both definitions above are in line with the
IPCC (2001) which describes adaptive capacity as the potential or ability of a system,
region, or community to adjust to the effects or impacts of climate change (including
climate variability and extremes). The IPCC (2007) add that the adaptive capacity is
the ability (or potential) of a system to adjust successfully to climate change
(including climate variability and extremes) to:-

(1) Moderate potential damages;

(i1) To take advantage of opportunities; and/or

(ii1) To cope with the consequences

Scholarly knowledge related to capacity to adapt to climate change and adaptation is
still limited, and the vague and inconsistent definitions of terminology and concepts
used in this academic field have frequently been criticized (Hinkel, 2011; Janssen and
Ostrom, 2006). Despite their intention of providing generally applicable guidelines,
most studies provide only very limited references to local — level adaptation processes
and, especially, to the adaptation of small — scale farmers (Agder et al. 2004; Deressa
et al. 2008; Kihupi et al. 2015). The conceptual approaches of Yohe and Tol (2002)
and Chambers (1989) provide explanations for the wvariability of farmers’
vulnerability, adaptive capacity, and adaptation at a local scale. Even though Yohe
and Tol’s (2002) determinants of adaptive capacity are specific enough to explain
local adaptation processes, they are not targeted to a particular sector and do not fully
explain the realities of small — scale farmers struggling to adapt to climatic variability
and changes. Bennett et al. (2015) explain that impacts of climate change can be
unevenly experienced by various similarly exposed groups (genders, ages, classes,
groups, livelihoods) based on differential sensitivities (O’Brien et al. 2004). The
capacity to adapt is context — specific and varies from sector to sector, from
community to community, within the sector, among social groups and individuals,

and over time (IPCC 2001).

Many approaches for assessing vulnerability rely on an assessment of capacity as a
baseline for understanding how vulnerable people are to a specific hazard (Cardona et
al. 2012). Cardona et al. (2012) argues that there is a difference in understanding and
use of the terms coping and adapting. Although coping capacity is often used

interchangeably with adaptive capacity in the climate change literature; the term
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adaptation means adjustment, whether passive, reactive or anticipatory that is
proposed as a means for ameliorating the anticipated adverse consequences associated
with climate change (Kihupi et al. 2015). Adaptation strategies refer to all responses
to climate change that may be used to reduce vulnerability (Burton et al. 1998).
Adaptive capacity is the potential or ability of a system, region or community to adapt
to the effects or impacts of climate change (Smit and Pilifosova, 2001). In the field of
climate change it includes all adjustments in behaviour or economic structure that
reduce the vulnerability of society to changes in climatic system (Midega et al. 2015).
IPCC (2007) consider the adaptive capacity to be “a function of wealth, technology,

information, skills, infrastructure, access to resources, and management capabilities.

For this study, adaptive capacity is represented by different coping strategies, farming
practices, wealth-income, land ownership, availability of resources-water and farm
inputs, access to information and literacy rate (see vulnerability conceptual
framework). Smallholder farmers in different parts of the study area have adapted to
impact of climate change through various coping strategies. In Iringa and Morogoro
local farmers have been adapted to climate change impact by planting drought
resistant seed varieties and crops, intercropping, irrigation, changed planting dates,
increased use of water and soil conservation techniques, diversification from farm to
non-farm activities such as casual labour and moving to other places (Mary and

Majule, 2009; Shemsanga et al. 2010; Kihupi et al. 2015).

In many places, local knowledge and practices have helped communities to cope with
and respond to natural hazards and environmental change for generations (Djalante et
al. 2011). These local/indigenous knowledge and practices need to be integrated with
scientific knowledge when assessing vulnerability and resilience to climate change.
Connolly and Smit (2015) argues that in the future, adaptation will be required to
alleviate the worst effects of climate change and help build resilience, especially for
the poorest and for those who live in the most vulnerable regions of the world.
Vulnerability research should directly assess adaptation by seeking to understand who
or what adapts, to what stimuli, and how it occurs. The goal is to understand the
adaptation process: how people have adapted to past changes, and what changes or
conditions are relevant and can provide insight into how they will adapt in the future

(Adger et al. 2004).
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3.5 Limitation to Adaptive Capacity

According to Preston and Smith (2009); perhaps one of the most neglected aspects of
adaptive research and assessment is the evaluation of limitation on adaptation. When
discussing vulnerability and capacity to adapt to climate change, care should be taken
not to confuse the two concepts in question. For example, in many climate change
literature vulnerability describe as among other things, the result of a lack of capacity
(O’Brien et al. 2004; Cardona et al. 2012). Vulnerability is viewed as the opposite of
capacity, so that increasing capacity means reducing vulnerability, and high
vulnerability means low capacity. However, Gaillard (2010) noted that capacity and
vulnerability are not necessarily opposites, because communities that are highly
vulnerable may in fact display high capacity in certain aspects. Adger et al. (2004)
also explains that adaptation does not occur instantaneously; a system requires time to
realise its adaptive capacity as adaptive capacity represents potential rather than actual
adaptation. There will never be “perfect” adaptation of agriculture to climate change.
Some negative impacts are likely to remain (residual damage) even after adaptation
actions and investment have taken place. This “residual damage” may result in
increased food insecurity and dealing with it requires a degree of resilience to climate
change (Pingali et al. 2005); thus resilience is seen as a more robust strategy

regardless of the future.

3.6 Resilience to Climate Change

The idea of “resilience” originated in the field of ecology (Holling, 1973) as a
measure of how far the system could be disturbed without shifting to a different
regime. Since then, the concept of resilience is now used in a great variety of
interdisciplinary work concerned with the interactions between people and nature
(Gunderson and Holling, 2001; Folke et al. 2006). For example, resilience has been
connected with ability of a system to return to its state (or dynamics) after a
temporary disturbance (Ludwig et al. 1997; Guillaume and Gilbert, 2011). Klein
highlight that on top of that the system has to self-re-organize and maintain its
functions and services. Few scholars use the term resilience to describe the amount of

time needed to recover following an external force or perturbation (see table 3.4).
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Table 3.4: Summary of Approach to Resilience Definition

S/N

Category

Definition

Scholar

1

Ecology

A measure of how far the system could
be disturbed without shifting to a

different regime.

Holling, 1973

The magnitude of disturbance that can be
absorbed before the system redefines its
structure by changing the variables and

processes that control behaviour.”

Gunderson and
Holling, 2001;

Gunderson, 2000

Ecosystems

Connected with ability of a system to
return to its state (or dynamics) after a

temporary disturbance such as fire.

Ludwig et al. 1997;
Guillaume and

Gilbert, 2011

Socio-
Ecological

Systems

i) the amount of change the system can
undergo and still retain the same controls
on function and structure, or still be in
the same state within the same domain of
attraction;

ii) the degree to which the system is
capable of self-organization;

ii1) the ability to build and increase the

capacity for learning and adaptation.

Folke et al. 2006
Carpenter et al.
2001

Adopted

definition
for the
purpose of

this study

The capacity of a system to absorb

disturbance and reorganize  while
undergoing change so as to still retain
essentially the same function, structure,

identity, and feedbacks

Walker et al. 2004

Other scholars such as Gunderson and Holling (2001) define “resilience” as the
capacity of a system to undergo disturbance and maintain its functions and controls.
In their view, resilience is measured by the magnitude of disturbance the system can
tolerate and still persist (Carpenter et al. 2001). Adger et al. (2004) define social
resilience as the ability of communities to absorb external changes and stresses while

maintaining the sustainability (robustness) of their livelihoods. Whereas resilience
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refers to the ability to recover from stresses, robustness is a characteristic associated
with strength or vigorous health, and it describes the degree to which a system is not
susceptible to damages from external stresses in the first place (Smit et al. 2000).
They contrast this definition with that proposed by Pimm (1984), for whom the
appropriate measure is the ability of the system to resist disturbance and the rate at
which it returns to equilibrium following disturbance (Pimm 1984; Tilman and

Downing, 1994).

Though there are commonalities in the terms used to define resilience above (for
example; ability of a systems — Ludwig et al. 1997; self-organise — Klein, 2002;
disturbance and maintain — Gunderson and Holling, 2001 and still persist — Carpenter
et al. 2001); the distinction in above definitions has been useful in the area of socio-
ecological research due to variability in this socio-ecological systems and different
disturbances perturbed therein. In his research, Holling (1996) distinguished two types
of resilience that have been applied by ecologists; one is engineering resilience and
the other is ecological resilience. However, when defining resilience we also need to
consider which socio-ecological systems are we dealing with so as to be clear on what
and how resilient that system is compared to the amount of external pressure exerted
and how the system is coping with a given amount of disturbance? The notable
definition in the framework includes Walker et al. 2004 who defined resilience as “the
capacity of a system to absorb disturbance and reorganize while undergoing change so
as to still retain essentially the same function, structure, identity, and feedbacks.” It
refers to the capacity of a social-ecological system both to withstand perturbations
from, for instance, climate or economic shocks and to rebuild and renew itself
afterwards (Stockholm Resilience Centre 2007). The IPCC-WG2 (2007) provided
comprehensive definition on the same framework as the ability of a social or
ecological system to absorb disturbances while retaining the same basic structure and
ways of functioning, the capacity for self-organisation, and the capacity to adapt to

stress and change.

Based on the above interpretation, Carpenter et al. (2001) noted that resilience has the
following three properties: (a) the amount of change the system can undergo (and
implicitly, therefore, the amount of extrinsic force the system can sustain) and still

remain within the same domain of attraction (that is, retain the same controls on
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structure and function); (b) the degree to which the system is capable of self-
organization (versus lack of organization, or organization forced by external factors);
and (c) the degree to which the system can build the capacity to learn and adapt.
These properties are brought about due to the fact that resilience is a more difficult
property to know and understand because of the patterns of occurrence and its impacts
therein. Part of that difficulty is that there are few (if any) direct metrics or measures
of ecological resilience (Carpenter et al. 2001). According to Carpenter (2003) one
reason is that thresholds (or boundaries) between alternative regimes are the result of
multiple factors and are constantly changing. Another reason that it is difficult to
measure and assess ecological resilience is because it is an emergent property of the

system, and only recognized when it is declined (Carpenter et al. 2001).

The loss of resilience is revealed when a disturbance that had previously been
absorbed by the system all of the sudden creates a regime shift. Resilience can also be
thought of as the capacity to endure shocks and stresses and bounce back; individuals
or communities that can ride out the difficulties that life might bring without their
overall situation deteriorating. Even when affected by significant hazard events, or by
longer term negative trends, they must be able to recover or adapt their livelihoods
and continue to improve their lives and move out of poverty (Pasteur, 2011).
Increasing people’s resilience means addressing the factors that underlie their
vulnerability as illustrated in figure 3.1 above. Carpenter et al. (2001) asserts that
improving the ability to manage risk, adapt to new changes and diversify security of
their livelihoods. This means that they have more options available, and can chose to
live or work in areas less exposed to hazards, or at least have more resources to draw
on in order to cope and recover when they are affected by negative events (see figure

3.3 below).
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Figure 3.3: Resilience framework. Source: Pasteur, 2011.

Based on the above explanations and illustration; in other words, the scholars are
trying to explain resilience as the ability of a systems to respond, adapt and cope with
the situation when exposed to stress/shock (variable agents of changes) and at the
same time to continue provide functional services while undergoing transformation.
Resilience has multiple levels of meaning: as a metaphor related to sustainability, as a
property of dynamic models, and as a measurable quantity that can be assessed in
field studies of socio-ecological studies (Carpenter et al. 2001). The operational
indicators of resilience have, however, received little attention in the literature. To
assess a system’s resilience, one must specify which system configuration and which
disturbances are of interest. In this research, I have focused on Folke (2006); who
described the evolution of the concept’s meaning in ecology and in social-ecological
systems analysis such as dry land irrigation farming schemes. The question of what
are the response and coping strategies local farmers use to mitigate climate change
impact in the study area was posed? Innovative response mechanisms developed by
local farmers to counteract the effects of climate change were studied and analysed to
understand how resilient the dry farming scheme is to climate change? Different
attributes to resilience such as innovative farming practices, intercropping and using
crop varieties; increased use of water and soil conservation techniques; diversification
from farm to non-farm activities such as casual labour and migration to other places in
search for water have been assessed. Other factors include different coping strategies

used by the farmers have been studied as well.
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As pointed out by Majule and Mwalyosi (2003); dry land irrigation farming schemes
is dynamic process that varies geographically and irrigating communities are capable
of assimilating and adapting outside knowledge and experiences so as to improve
their own situation. However; with current climate change impacts, the dry farming
schemes has become more vulnerable (exposed, susceptible and sensitive) and at the
same time continue to build resilience (respond, adapt and cope) to the situation
while providing the required services/output. The combined vulnerability and
resilience framework here will also includes economic and social-cultural resources
available to different groups of dry farming farmers for adaptation and also provides a
capability for assessing synergies and tradeoffs with other environmental conditions
and trends (e.g. land use, soil characteristics and water availability) that will condition
climate-related impacts. In order to fully understand the rationally behind the
vulnerability and resilience theory, there are number of crucial terms that needs to be
studied and understood in a local context. Some of these terms stated ad defined
above include exposure, sensitivity, susceptibility, response, adapt, cope, and

transformation.

3.7 The Combined Conceptual Framework of Resilience and Vulnerability

Daniel (2011) explains resilience and vulnerability as concepts that are
complementary in nature linked through socio-ecological system dynamics in face of
disturbances. Miller et al. (2010) strongly advocated that vulnerability and resilience
approaches in concert can provide new avenues to tackle uncertainty and
environmental change fuelled by global warming (climate change). In a similar light,
Walker et al. (2002) highlighted the important role socio-ecological systems could
play in face of climate change. The authors highlighted points of convergence in
theory, methodology and policy formation wherein resilience and vulnerability can
lend support to each other since both concepts evaluate aspects of socio-ecological
systems. To understand the above relationships there is a need to design a conceptual
framework that can guide this study on which parameters to be assessed in the field.
The following diagram (figure 3.4) depicts the conceptual framework that will guide

data collection in this study.
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Figure 3.4: The combined conceptual framework for vulnerability and resilience.

Source: Mhagama, 2014.

Just like any other socio-ecological systems, dry land irrigation farming schemes can
be subjected to many stress/shock by a number of influencing factors (Folke, 2006).
The rationale behind this framework is to identify factors contributing to vulnerability
and resilience of dry land irrigation farming schemes against climate change. These
factors influence dry land irrigation farming schemes in a number of ways such as
exposing and making the farming schemes susceptible and sensitive to climate change
impact such as drought and floods. However, at the same time local farmer’s may use
different dry land irrigation farming schemes and management practices to respond,
adapt and cope with the changing climate which make the dry land irrigation farming
schemes develop resilience against climate change. By understanding the

vulnerability and resilience of dry land irrigation farming schemes against climate
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change it will be easier to help the local farmers to transform the farming systems and
make it a more self-sustainable while continuing to provide the basic function in the

face of climate change (Walker et al. 2004).

3.8 Summary

This chapter provided an overview of conceptual framework and key concepts used in
vulnerability and resilience assessments. It has attempted to provide a clear and lucid
account of the relevant theories and concepts on which this study is conceptualised
and based. Different theories of vulnerability were described as discussed by White
(1974); Sen (1981); Agder (2006) and Turner et al. (2005). The study adopted the
definition provided by Fiissel (2005) and IPCC (2014). The cause of vulnerability was
described as it is rooted in the context of natural hazards and sustainability science.
Furthermore, the multidimensional causes of vulnerability such as exposure to
external factors (bio-physical-temperature and rainfall) and internal factors (social
system-farming schemes) were also described and elaborated in the context of dry

land irrigation farming schemes.

The three major conceptual approaches to analyzing vulnerability to climate change
including the socio-economic assessment, the biophysical (impact assessment), and
the integrated assessment approaches were clearly described in this chapter. After a
clear analysis of these three elements; the chapter focused on integrated approach to
vulnerability assessment to climate change impacts as it provides an idepth analysis of
both the human systems (farmers) and socio-ecological systems (dry land irrigation
farming schemes). The basic components of vulnerability expressed in integrated
approach in IPCC (2014); as the positive function of exposure and sensitivity and
negative function of adaptive capacity were described here. Additionally, advances
the understanding of vulnerability and attention were given to the adaptive capacity,
interconnectedness, links and the way various elements within socio-ecological
resilience framework have possibly explained vulnerability and resilience in the study
area. Finally, the chapter descibed resilience of dry land irrigation farming schemes
and used different factors such as exposure and sensitivity and adaptation strategies as
well as coping strategiesto portray the combined conceptual framework which guided

this study.
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CHAPTER 4: RESEARCH METHODOLOGY
4.0 Introduction.

This chapter presents Research Methodology employed in this study. It provides
detailed description of the research area from a broader perspective, Tanzania, to a
narrow specific overview South Eastern Tanzania capturing the dry land irrigation
farming schemes along the Ruvuma Basin. The chapter starts by providing details of
research design and research approaches that have been undertaken in this study. It
provided detailed analysis of both approaches (quantitative, qualitative and mixed
research approaches) and the final pathway for the research study. It also captures
various aspects related to research methods, techniques and methodology employed in
this study including: design and approach of the research; sampling; data collection
methods as well as instruments; reliability and validity issues; and data processing,
analysis and presentation. The chapter described how to assess vulnerability and
resilience uing different methods. It further describe the geographical location of the
study area and provided socio-demographic characteristics of the households in the

study area.

4.1 Research Design

Research designs are important because they provide road maps for how to rigorously
conduct studies to best meet certain objectives as well as guiding the researchers
during data interpretations and reporting at the end of studies (Criswell, 2003; Bazely,
2004; Driscoll et al. 2007; Terrell, 2012). Creswell (2014) define research design as a
comprehensive description of the plan that indicates how systematically a scientific
study is going to be conducted. He explains further that research design describes the
research methodology, which includes approaches and research styles such as survey;
descriptive, exploratory, case study, longitudinal, cross-sectional, correlation and so
forth; and kinds of data required (quantitative, qualitative or both); the population and
sampling process (for example, sample size and access, type and so on). Cohen et al.
(2007) describes other aspects of research design which includes data collection
methods to be used like questionnaires; interviews; observation, and documentary

reviews; validity and reliability issues and data analysis plan (Jackson, 2009).
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Generally, there is no single blueprint for a research design (Cohen et al. 2007). For
example, Creswell et al. (2003) argues that in one study, research design may reflect
the entire research process, from conceptualizing a problem to the literature review,
research questions, methods, and conclusions; whereas in another study, research
design refers only to the methodology of a study (e.g., data collection and analysis)
(Aliaga and Gunderson, 2002). In this study, the conceptual framework and research
questions addressed in chapter 2 were used as the driving force behind the choice of a
research design and any changes that were made to the elements of the design during
field data collection. The study used a case study as a research design. The design
allows data to be collected at a single point in time without repetition from the target

population (Yin, 2003; Wynsberghe and Khan, 2007; Babbie, 2010).

According to Yin (2003); case study involves the detailed description and analysis of
a single person, group, system, process, or other entity at one point in time and in
great detail. It is an empirical inquiry that investigates a contemporary phenomenon
in depth and within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident (Gomm et al. 2000; George and
Bennett, 2005; Yin, 2009). The objective is often to determine how the object of study
works and to identify the factors or dynamics that lead to success or failure. The case
study research design was adopted in this research so as to understand how dry land
irrigation farming schemes are exposed to climate variability and why deference
levels of exposure and sensitivity exists within different irrigation farmers at a
particular point in time (farm level/village). In the study area, the research design
consisted of two parts: collection of bio-physical data (temperature and rainfall data
from Tanzania Meteorological Weather Station and future climate projections from
IPCC) and social attributes/data from dry land irrigation farmers. Field observation
and interviews were also scheduled to supplement information collected in both cases.
Apart from its ability to be used for data collection on relevant variables within a
short time frame, the research design was also opted due its advantages. Some of
these advantages include the ability to collect data on many variables at a time, data
collection from a large number of a sample population, data collection from a
dispersed study population, data collection on attitudes and behaviours of a study
population (Gomm et al. 2000; Wynsberghe and Khan, 2007; Yin, 2009; Babbie,
2010).
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Other benefits of case study research design includes ability to use more than one
research methods for data collection in the field accommodating different data
collection techniques (Yin, 2003; George and Bennett, 2005; Wynsberghe and Khan,
2007). George and Bennett (2005); explains that case studies typically employ more
than one research method and for this reason they tend to fit the definition of
“Multiple Method Research”. For example in a case study, a researcher might
conduct a trend analysis, cross sectional study, a survey, an observational study, and
an experiment, or some combination of all of these methods (Yin, 2003). Yin (2009)
explains further that one part of a case study may use quantitative methods while
another part uses qualitative or naturalistic methods approach. Because of the use of
multiple methods, case study designs are closely connected to ethnographic designs
and to anthropological designs, even though the latter are generally thought of as
“qualitative research”. However, when dealing with case study research design,
essential research skills and great care should be observed as both types of data can be
highly complex, demanding analytic techniques going well beyond simple coding and

tallies (Yin, 2003; Baxter and Jack, 2008).

4.2 Research Approaches.

Research approaches are plans and the procedures for research studies that span the
steps from broad assumptions to detailed methods of data collection, analysis, and
interpretation (Creswell, 2003). The common traditional research methodology or
approach includes quantitative research and qualitative research (Bailey, 2004;
Creswell, 2014). Johnson and Onwuegbuzie (2004); argues that for many years,
quantitative and qualitative research approaches have been in debate challenging each
other on positivist and constructivist philosophical approach as well as practical
deficiencies and strengths for each research approach. The debates also stems from
traditional definitions (Creswell, 2003), nature of knowledge inquiry (Babbie, 2010);
methods of data collection (Bailey, 1994) as well as data analysis (Johnson and
Christensen, 2004). For example Aliaga and Gunderson (2002); define quantitative
research approach as, “explaining phenomena by collecting numerical data that are
analysed using mathematically based methods”. Here the quantitative collection of
information is in form of numbers and using quantitative analysis to addresses the

question of “what, where and when (Cohen et al. 2007). The methodology employed
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is based on the testing of hypotheses deduced from theory and using statistical

inference the results may be generalised to the population.

Qualitative research approach, on the other hand, involves collecting non-numerical
data and using qualitative form of analysis to explain phenomena (Creswell, 2012).
Qualitative research method aims to provide an in-depth understanding of why things
are the way they are, why people for example behave the way they do and other
similar questions that can explain behaviours and attributes of an object under study
(Babbie, 2010). Creswell (2014) adds that its aim is not to impose preordained
concepts; hypotheses and theory that are generated during the course of conducting
the research as the meaning emerges from the data. Statistical inference is not the
objective, although within government, results are used to inform policy and therefore
some form of generalisation or transferability is implicit (Cohen et al. 2007; Babbie,

2010).

Both quantitative and qualitative research approach may employ similar methods
during data collection, such as interviews or observations (Babbie, 2010). However,
quantitative approaches use more closed-ended approaches in which the researcher
identifies set response categories (Creswell, 2003); whereas qualitative approaches
use more open-ended approaches in which the researcher asks general questions of
participants, and the participants shape the response possibilities (Aliaga and
Gunderson, 2002). Several differences have been noted, for example it’s difficult to
explain why things behave the way they do in quantitative research while at the same
time it is difficult for qualitative research to separate into clear steps mainly because
various parts of the research process are interrelated and interlinked (Creswell, 2014).
Depending on the subject of inquiry and application, both quantitative and qualitative
approaches have their strengths and weaknesses but can lead to fruitful answers by
addressing the right questions. To address those limitations, using them in
combination is the best way to bring in the best qualities for each one of them
(Johnson and Onwuegbuzie, 2004). This enhances flexibility of the researcher to use
different investigative techniques and ability to address several emerging questions
well without being bound by the myth of either qualitative research approach or

quantitative research approach.
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Several authors indicate that there is no single blueprint that exists for a research
methodology (Bazely, 2004; Stange et al. 2006; Creswell and Garrett, 2008;
Venkatesh, et. al. 2013). Today, there is still a broad range of approaches and
strategies for undertaking research (Creswell, 2014), which on one hand, they offer
the researcher an opportunity to choose the best among many available options while
on the other hand, they may pose a great challenge for the researcher due to the fact
that having many options may lead to confusion (Creswell and Clark, 2011) or if one
is not careful, there is a risk of choosing an inappropriate option (Bazely, 1994). This
can be achieved by proper research design which is governed by the notion of ‘fitness
for purpose’. Cohen et al. (2007) further explains that the purposes of the research
determine the methodology and design of the research. For example, if the purpose of
the research is to map the field, or to make generalizable comments then a survey
approach might be desirable (de Vaus, 2002), using some form of stratified sample; if
the effects of a specific intervention are to be evaluated then an experimental or action
research model may be appropriate (Aliaga and Gunderson, 2002); if an in-depth
study of a particular situation or group is important then an ethnographic model might

be suitable (Crotty, 1998).

Furthermore in order to avoid possible confusion during research planning, Crotty
(1998) suggest that one needs to consider, the theory of knowledge rooted in the
theoretical perspective (epistemology); the methodology intended to be used (such as
case study, survey research); and the methods, the techniques as well as data
collection procedures to be used (for example, questionnaire, interview, focus group
and the like). Thus, there is wide consensus that mixing different types of research
methods can strengthen a research study. This calls for a need to combine more than
one research methodology or using multiple research methodology such as multi-
research methods (Stange et al. 2006) and mixed research methods (Terrell, 2012).
Venkatesh et al. (2013) define a multi-research method as one which uses two or
more research methods, with or without being restricted to a single research paradigm
while mixed research method involves mixing both qualitative and quantitative
methods of data collection and analysis in a single study (Terrell, 2012). It involves
integrating quantitative and qualitative approaches to generating new knowledge and

can involve either concurrent or sequential use of these two classes of methods to
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follow a line of inquiry (Stange et al. 2006; Cohen et al. 2007). The table 4.1 below

provides details on the three research approaches described above.

Table 4.1: Features of a quantitative, qualitative and mixed research approaches

Criteria Quantitative Qualitative Approach | Mixed Approach
Approach
Scientific Deductive or “top- Inductive or “bottom- | Deductive and
Method down” up” Generate new Inductive
Test theory with data. hypotheses and theory
from data collected.
Most common | Description Description Multiple objectives
research Explanation Exploration
objectives Prediction Discovery
Focus Narrow-angle lens Wide and deep-angle Multi-lens
Testing specific lenses
hypotheses. Examine the breadth
and depth of
phenomenon to learn
more about them.
Nature of study | Study behaviour under | Study behaviour inits | Study behaviour in

artificial, controlled
conditions.

natural environment or
context.

more than one
context or condition

Form of data
collected

Collect numeric data
using structured and
validated instruments
(closed-ended survey
items, rating scales,
measurable behavioural
responses)

Collect narrative data
using semi- or
unstructured
instruments (open-
ended survey items,
interviews, observation,

focus groups)

Multiple forms

Nature of data

Numeric variables.

Words, images, themes,
And categories

Mixture of numeric
variables words,

images
Data analysis Identify statistical Holistically identify Statistical and
relationships. patterns, categories, holistic
and themes.
Results Generalizable findings. | Particularistic findings. | Corroborated
General understanding | In-depth understanding | findings that may
of respondent’s of respondent’s be generalizable.

viewpoint.
Researcher framed
results

viewpoint.
Respondent framed
results.

Form of final
report

Statistical report
including correlations,
comparisons of means,
and statistically
significant findings.

Narrative report
including contextual
description, categories,
themes, and supporting
respondent.

Statistical findings
with in-depth
narrative
description and
identification of
overall themes.

Source: Adapted from Johnson and Christensen, 2004.
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Though there is a great need to use multiple research methods, it is vital to pick a
research approach and methods which are relevant, depending on the problem
addressed and research question (s) employed in the research study. A more elaborate
definition would specify the nature of data collection (e.g. whether data are concurrent
or sequentially), the priority each form of data receives in the research report (e.g.
equal or unequal), and the place in the research process in which “mixing” of the data
occurs such as in the data collection, analysis, or interpretation phase of inquiry
(Stange et al. 2006; Cohen et al. 2007; Terrell, 2012; Venkatesh et al. 2013).
Combining all of these features into a single definition, Creswell et al. (2003)
suggests the following definition:- “A mixed methods study involves the collection or
analysis of both quantitative and/or qualitative data in a single study in which the data
are collected concurrently or sequentially, are given a priority, and involve the
integration of the data at one or more stages in the process of research”. In this study;
I used a mixed research approach which involves mixing both quantitative and
qualitative methods of data collection and analysis in a single case study using
concurrent mode of data collection, analysis and presentation of results (refer to the

definition of mixed research methods above).

The actual terms used to denote a mixed methods study vary considerably in the
planning and procedures of any research design and has evolved over time. For
example; different writers for example have referred to it as multi - methodological
research (Hugentobler et al, 1992); combining qualitative and quantitative research
(Creswell, 2003); integrating qualitative and quantitative approaches (Bazely, 2004);
merging qualitative and quantitative data in a mixed method research (Driscoll et al.
2007; Creswell and Garrett, 2008) and mixed methods research (Terrell, 2012;
Creswell, 2015). Central to all of these terms is the idea of combining or integrating
different research methods so as to provide an umbrella term to cover the multifaceted
procedures of combining, integrating, linking, and employing different methods in
one case study (Bazely, 2004; Terrell, 2012; Venkatesh et al. 2013). Combining
multiple methods (mixed research method approach) have been proved to be
beneficial as it provides a better understanding of a research problem than either
quantitative or qualitative data by itself. Several authors (Creswell, 2003; Bazely,
2004; Terrell, 2012; Venkatesh et al. 2013; Creswell, 2015) have increasingly

recognized the advantages of mixing both quantitative and qualitative data collection
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in a single case study. Numerous mixed methods studies have been reported in the
scholarly journals for social scientists to see and use as models for their own studies.
In addition, authors have delineated more carefully a definition for mixed methods
research, although consensus has been slow to develop for a single definition

recognized by all inquirers (Creswell et al. 2003).

Several authors recommend that using mixed methods approach allows a researcher to
the following purposes: looks for convergence as well as substantiation of results
from different methods studying the same phenomenon (Driscoll et al. 2007); makes
elaboration, enhancement, illustration and clarification of results from one method
with results from the other method (Vekantesh et al. 2013); uses results from one
method to help inform the other method (Bazely, 2004); discovers paradoxes and
contradictions (Johnson and Onwuegbuzie, 2004) that lead to re-framing of the
research question(s) (Caruth, 2013); and seeks to expand the breadth and range of
inquiry by using different methods for different inquiry components. Venkatesh et al.
(2013) presented seven purposes for a mixed research method. These seven purposes
are: complementarity, completeness, developmental, expansion, corroboration or

confirmation, compensation, and diversity (Table 4.2).

Table 4.2 Purposes of Mixed Methods Research

Purposes Description

Complementarity Mixed methods are used in order to gain complementary views
about the same phenomena or relationships.

Completeness Mixed methods designs are used to make sure a complete
picture of a phenomenon is obtained.

Developmental Questions for one strand emerge from the inferences of a

previous one (sequential mixed methods), or one strand
provides hypotheses to be tested in the next one.

Expansion Mixed methods are used in order to explain or expand upon the
understanding obtained in a previous strand of a study.

Corroboration or Mixed methods are used in order to assess the credibility of

Confirmation inferences obtained from one approach (strand).

Compensation Mixed methods enable to compensate for weaknesses of one
approach by using the other.

Diversity Mixed methods are used with the hope of obtaining divergent

views of the same phenomenon.

Source: Adapted from Venkatesh et al. 2013.
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4.3 Case Study Research Methods.

Case study method has attained routine status as a viable method for doing social
science and education research (Yin, 2003). The concept of case study has been
broadly used in research context in connection with the term “case” which is defined
as a spatially delineated phenomenon or a unit observed at a single point in time or
over some period of time (Gerring, 2007). According to Yin (1994); a case study is an
empirical inquiry that investigates a contemporary phenomenon within its real-life
context, especially when the boundaries between phenomenon and context are not
clearly evident. Gerring (2004) add-up that case study as research design is best
defined as an intensive study of a single unit (a relatively bounded phenomenon)
where the scholar’s aim is to elucidate features of a larger class of similar
phenomenon. Other scholars such as Woodside (2010) had broadened the definition to
include description, understanding, prediction and/or controlling individual case,
which can be a person, household, village, group, process, organization, culture,
nationality and so forth. Wynsberghe and Khan (2007) redefine case study as a
relevant and trans-disciplinary heuristic that involves the careful delineation of the
phenomena for which evidence is being collected (event, concept, scheme, program,
process, etc.). Here by trans-disciplinary, case study is described as no particular
disciplinary orientation; that is, it can be used in social science, science, applied
science, business, fine arts, and humanities research while heuristic is viewed as an
approach that focuses one’s attention during learning, construction, discovery, or

problem solving (Wynsberghe and Khan, 2007).

Case study research enables the researcher to investigate important topics not easily
covered by other methods such as survey and experiment. Woodside (2010) proposes
that the principal objective of the case study researcher is to develop deep
understanding of actors (in a specific case), interactions, sentiments, and behaviours
occurring for a specific process through time. Through case study, a researcher
investigates intensely at an individual or small participant pool, drawing conclusions
only about that participant or group and only in that specific context. In brief the case
study method allows investigators to retain the holistic and meaningful characteristics
of real-life events (Yin, 2004); while enabling them to describe and understand

individual or group (Woodside, 2010) and predict or draw conclusion about the case
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being studied or observed (Onatu, 2013) at a single point in time or over a short
period of time. A case study is especially suitable for learning more about a little
known or poorly understood situation such as climate change variability. Leedy and
Ormrod (2005) argue that case study, as a research methodology may also be useful
for investigating how an individual or programme changes overtime, perhaps as the

result of certain circumstances or interventions.

The most notable features of case study research design are the use of small number
of unit studied (Woodside, 2010); the contextual and natural setting (Wynsberghe and
Khan, 2007); deeply and thoroughly study of a social unit (Yin, 2003); ability to
combine qualitative and quantitative data (Yin, 2004); covering sufficient wide cycle
of time (Onatu, 2013) as well as boundedness and extendability (Gerring, 2007). One
of the salient key feature of the case study research design is the use of multiple
sources of evidence, each with its strengths and weaknesses because no one kind or
source of evidence is likely to be sufficient on its own (Gillham, 2000). This feature
becomes very important in ensuring validity of data collected (Baker et. al. 2012);
however many research investigators nevertheless have disdain for the strategy
(Flyvbjerg, 2004). This is because, case studies have been criticized by some scholars
as lacking scientific rigour and reliability and that they do not address the issues of
generalizability (Flyvbjerg, 2004; Mohd Noor, 2008). Woodside (2010) and Onatu
(2013) dispute the above argument and substantiate that there are some strengths of
case study as it enables the researcher to gain a holistic view of a certain phenomenon
or series of events and can provide a round picture since many sources of evidence are
used. According to Flyvberg (2004); case study seek to transcend this problem of
relevance by anchoring their research in the context studied. Furthermore, case studies
are relevant to solve a problem that seeks a holistic understanding of the event or
situation in question using inductive logic-reasoning from specific to more general

terms (Becker et al. 2012).

For case studies research, four major types of designs are relevant, following a 2 x 2
matrix (Yin, 2009). Barkley (2006) identified four main types of case study research
designs, namely, single-case against multiple-case studies and holistic against

embedded case studies. The first pair of categories is based on the number of cases in

10l |[Page



the research design (single-case vs. multiple-case) while the second pair, can occur in
combination with either of the first pair, is based on the unit or units of analysis to be
covered, and distinguishes between holistic and embedded designs (Barkley, 2006).
According to Yin (2003), a researcher can choose to use either a holistic case study or
to have embedded sub-cases within an overall holistic case depending on the research
design and type of data to be generated. Other scholars such as (Hancock and
Algozzine, 2006; Baxter and Jack, 2008; Becker et al. 2012) identified four types of
case studies, namely, illustrative (which are basically descriptive, utilizing one or two
instances of an event to describe how a situation is like); exploratory (condensed type
of case studies undertaken prior to implementing a large scale investigation of a
phenomenon); critical instance case studies, which examine one or more sites for
various purposes such as generalizability or challenging a highly generalized or
universal assertion; and cumulative case studies, which, as the name suggests, they
aggregate information from several sites collected at different times to see if it is
possible to allow for generalization without additional cost to a new study on a

particular phenomenon.

Baxter and Jack (2008); explain that case study research is concerned with
investigating single or multiple units of study, using familiar research methods for
data collection such as interviews or surveys. Case studies are empirical
investigations, in that they are based on knowledge and experience, or more
practically speaking involve the collection and analysis of data (Hancock and
Algozzine, 2006; Yin, 2009). By circumscribing the area of a study to a small number
of units, the case study researcher is able to look in depth at a topic of interest or
phenomenon. According to Onatu (2013); case study use a logical model of proof that
allows the researcher to draw inferences concerning causal relations among the
variables under investigation. Another way of thinking about a case study research
design is as a “blueprint” of research, dealing with at least four problems: what
questions to study, what data are relevant, what data to collect, and how to analyze the
results (Baxter and Jack, 2008; Woodside, 2010). Case study research is versatile in
that the variety of data collection methods at the disposal of the case study researcher
can be adapted to particular situations and conditions (Yin, 2009). There are several
advantages of using case study research design in comparison to other research

strategies (Table 4.3).
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Table 4.3. Comparison of case study research (experimental and survey approaches).

Experimental

Case Study

Survey

Small number of units

Small number of units

(sometimes one)

Larger number of units

Data collected and analysed
about small number of
predetermined features of
each unit

Data collected and analysed
about large and often not
predetermined features of
each unit

Data collected and analysed
about a small number of
features of each case

Study of units organized in
such a way as to control
variables of interest

Interest in naturally
occurring features or the
variables in context

Units selected to represent
characteristics of the study’s
population

Data usually quantified

Data can be quantitative,
qualitative or both

Data usually quantified

Aim is of testing theory or
evaluation of an intervention

Aim 1s to understand and
theorize through enfolding
the literature

Aim is to generalize findings
from sample to population

Source: Adapted from Gomm et al. 2000.

However, like in other research designs case study method has its own strengths and

weaknesses. The following table 4.4 indicates some strength and weakness of case

study research design.

Table 4.4. Strength and weakness case study research design.

Strength

Weakness

Investigates a contemporary phenomenon
within its real-life context.

Different relevant actors had different values
which can limit access to information.

Identify and measure the indicators that
best represent the theoretical concepts the
researcher intends to measure.

May be prone to versions of “selection bias”
that concern statistical researchers.

Comparatively flexible method of
scientific ~ research  allowing  the
researcher freedom to discover and

address issues as they arise in the real
context.

They are challenged that they are difficult to
generalize because of inherent subjectivity
and because they are based on qualitative
subjective data, generalizable only to a
particular context.

Emphasize on deep data or thick
description, information is based on
particular contexts, giving rise to research
results with a more human face.

They can also be time consuming since a deep
understanding of the case is sought hence
requiring more time for the study.

They are much appropriate in dealing
with creativity, innovation, and context
unlike  homogeneous and  routine
behaviours.

They may also require more resources
because they normally involve learning more
about the subjects being tested than most
researchers would care to know, for example,
educational background.

Case studies produce much more detailed
information than what is available
through a statistical analysis.

Time consuming and multiple skills are
required

Source: George and Bennett, 2005, Yin, 2009 and Dawidowicz, 201 1.
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In many researches as case studies include both single and multiple-case studies (Yin,
2009; Berkley, 2006); some case study research goes beyond being a type of
qualitative research, by using a mix of quantitative and qualitative evidence (Baxter
and Jack, 2008). In this study I used a mixed research approach with case study
methods, combining both quantitative and qualitative research methods of data
collection and analysis. This in turn allows data to be collected at a single point in
time without repetition from the target population and reduces time. The conceptual
framework and research questions in this study were used as the driving force behind
the choice of a research design and any changes that were made to the elements of the
design during field data collection. Both quantitative and qualitative methods were
concurrently used to collect data in a single phase of data collection. Based on
Creswell (2003) and Terrell (2012); triangulation strategy was used in the concurrent
mixed research method approach where equal priority was given during quantitative

and qualitative data collection phases.

The research design consisted of two parts: the first part included collection of
quantitative data i.e. Bio-physical data (long term temperature and rainfall records
from Naliendele Agricultural Research Institutes — part of Tanzania Meteorological
Weather Station in Mtwara region and future climate projections from IPCC) and
collection of social attributes/data through a questionnaire survey administered to
smallholder dry land irrigation farmers from six villages in the study area. The second
part consisted of qualitative methods collecting data from interviews conducted to
experts, selected elders and local leaders, while Focus Group Discussions (FGDs)
were also conducted to selected smallholder dry land irrigation farmers. In some cases
field observation was conducted concurrently during field interviews with farmers so
as to supplement information collected in both cases. Three districts each with two
villages were selected based on dry land irrigation farming schemes. The irrigation
farming schemes are small scale, constituting less than one ha in size planting single

or mixed variety of green vegetable crops.

Use of mixed methods is normally credited for generating comprehensive research
data (Yin, 2003; Bazely, 2004); which was also found to be a useful approach for the
same purpose in this research study. The primary purpose of using concurrent mixed

research approach is confirmation, corroboration or cross-validation within a single
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study (ensuring better data quality, validity and reliability). The methods incorporate
shorter data collection time when compared to sequential methods. Triangulation was
necessary as means to strive for convergence and validation of results from
quantitative and qualitative research approaches (Terrell, 2012). The mixed method
research approach helped to ensure that research questions were comprehensively
answered through use of many sources of information. Furthermore, in order to
address weaknesses inherent in the use of a single study research method using mixed
research approach (quantitative and qualitative) in combination is the best way to
bring in the best qualities for each one of them (Bazely, 2004; Johnson and
Onwuegbuzie, 2004). Mixed research method approach also enhances flexibility of
the researcher to use different investigative techniques and ability to address several
emerging questions well without being bound by the myth of either qualitative
research approach or quantitative research approach. Using this level of flexibility, it
is possible for a researcher to adjust case studies to effectively address various
research situations and contexts (Dawidowicz, 2011). Teddlie and Tashakkori (2008);
strengthen the argument that studies that combine both aspects (quantitative and

qualitative) can provide comprehensive insights into all types and levels of questions.

The adoption mixed research methods with a case study research was relevant so as to
have a comprehensive understanding of how dry land irrigation farming schemes are
exposed to climate variability in the study area and why deference levels of exposure
and sensitivity exists among different irrigation farmers at a particular point in time
(farm level/village). Using this broad, multiple data sources allow researchers to gain
in-depth knowledge about a given bounded case (Bazely, 2004; Stange et al. 2006).
According to Caruth (2013) and Venkatesh et al. (2013); the use of a wide variety of
data sources such as observations, interviews, questionnaire etc., in a mixed research
methods through a case study design can help a researcher to have a comprehensive
view of factors involved in a phenomenon studied. The use of mixed research
approach with a case study design in turn, was helpful in explaining different social
attributes or factors which makes the dry land farming schemes in the study area more
vulnerable to climate change apart from climate variability alone. Generally, use of
mixed research method (both quantitative and qualitative methods) in form of
triangulation was helpful in supporting this research study as it helped the researcher

in various aspects such as obtaining a variety of information on vulnerability and
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resilience of dry land irrigation farming schemes; use strengths of each method to
overcome deficiencies of each other; achieve a higher degree of validity and

reliability of results; and overcome deficiencies of a single method.

4.4 Measuring Vulnerability and Resilience

Tanzania like other third world countries has started to experience significant climate
variability and climate change impact (IPCC, 2014). Researches done by Yanda and
Mubaya (2011) and NAPA (2007); have shown that over the past years the climate in
regions throughout the country has changed significantly affecting various aspects of
human life and different ecosystems. These studies indicates that by the end of the
century, average temperatures are projected to increase between 1.9 °C and 3.6 °C
while rainfall is said to decrease in the dry season and it is expected to increase during
the rainy season, leading to a growing risk of floods, water shortage and related
conflicts. According to Shemsanga et al. (2010); these changes will affect many key
sectors, possibly affecting agricultural production, health, water availability, coastal
zones, energy use, infrastructure, and biodiversity and ecosystem services (including
forestry and tourism). Any effects and impacts of climate change posited on a region
or sector is likely to have disproportionately strong effects on the poor, as such
vulnerable groups who have fewer resources to adapt to climatic change (O’Brien et
al. 2005; URT, 2007; Deressa et al. 2008). For example, the rising temperature and
changing rainfall pattern can affects agricultural production differently (rainfed
agriculture versus irrigation famers) as a result of exposure to extreme climate change
events such as drought or floods and availability of resource to cope and adapt to
these changes. This implies that it is difficult to measure and quantify vulnerability
and resilience by generalizing the concept without focusing on its specific aspects and

variable of concerns.

Many researches in climate change fields have struggled to find suitable metrics for
vulnerability and resilient of various socio-ecological systems (Luers et al. 2003;
Adger, 2006; Deressa et al. 2008). The common form of vulnerability and resilient
measurement is by using econometric or indicator methods through assessment of
biophysical and social-economic aspects of a socio-ecological system (Deressa et al.

2008). The struggle to find suitable measurement is contributed by the fact that the
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term vulnerability and resilience are dynamic phenomenon, often in a continuous state
of flux by both biophysical and social processes that shape local conditions and the
ability to cope (O’Brien et al. 2005). Carpenter et al. 2001; cautioned that
vulnerability and resilient indicators are both fluid and flexible, since indicators that
are appropriate for the current regime may become useless as ecological and social

conditions shift.

The existence of variation in vulnerability and resilient assessment has been also
contributed by scholars from different fields of specialization having a tendency to
conceptualize the terms differently based on the objectives to be achieved and the
methodologies employed in a particular research (Luers et al. 2003; Turner et al.
2003; O’Brien et al. 2004; Adger, 2006; Cardona et al. 2012). Other researchers
suggested different forms of vulnerability assessment and measurements such as using
stakeholder participatory assessment ( Isabel, 2012); mapping vulnerability using
selected variables of concern to specific sets of stressors (Gbetibouo, and Ringler,
2009) and measuring vulnerability using integrated/mixed method approach (Deressa

et al. 2008).

Edger (2006) argue that vulnerability and resilience can not easily be reduced into a
single metric and not easily quantifiable using a single aspect of measurement unit
such as exposure to external stimuli or availability of resource to cope with stresses.
Clearly, there are advantages and drawbacks to each methods or approach used in
vulnerability and resilient assessment for different socio-ecological systems. CAADIP
(2011) suggested that the task is to choose an appropriate approach that corresponds
best with the objective of the research, research methodology and data analysis and its
intended use of the research results/application, time available for conducting the
research, the scale and unit of analysis, and the resources available. Measurement of
vulnerability and resilient of any socio-ecological systems must therefore reflect
biophysical and social processes as well as the coping strategies within socio-
ecological systems that appear complicated and with many linkages that are difficult

to pin down (Adger, 2006).

For the purpose of this study, a conceptual and methodological approach to

vulnerability analysis based on both biophysical and socioeconomic approach was
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adopted in order to develop a conceptual framework of vulnerability for this study.
The study uses the three basic blocks in vulnerability assessment i.e. exposure to
climate variability (temperature and rainfall variability), sensitivity (water, crops or
soil) and capacity to adapt (farming practices, resources) for dry land irrigation
farming schemes to extreme weather events (high temperature and floods) resulting
from climate variability. In additional to both socio-economic and biophysical
approach to vulnerability assessment; the different key indicators showing
vulnerability (water availability, crop productivity) and resilience (improved farming,
resource owned) of dry land irrigation farming schemes against climate change in the
study area were identified and assessed. Therefore, vulnerability and resilience
assessment is a useful tool for understanding the impact of climate change and
effectively adhere responding mechanism to the community to cope with any
unanticipated changes within a society. Understanding vulnerability and resilience of
dry land irrigation farming schemes in the study area is a critical step towards
developing strategies and measures that will be taken by local farmers to reduce the

risk of climate change impact or increase capacity to adapt in the future.

4.5 Description of Study Area
4.5.1Geographical Location

Tanzania covers a total area of 945,234 km? made up 942,832 km? of mainland
Tanzania (formerly Tanganyika) and 2,400 km? of Zanzibar (consisting of the Islands
of Unguja and Pemba) (URT, 2013c). The country is located in East Africa, between
longitude 39° 18" East and latitude 6° 50" South of the Equator (figure 4.1). The
country has a wide variety of physical features extending from a narrow coastal belt
of the Western Indian Ocean with sandy beaches to an extensive plateau with altitude

ranging from 1000m to 2000m above sea level (URT, 2013c).
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Tanzania

Location of Ruvuma Basin

Figure 4.1: Location of Study Area from the Map of Tanzania. Source: URT, 2013a

Other features include vegetation wood lands, forest and marine reserves, lakes (Lake
Victoria) and rivers. According to URT (2013a); Tanzania has major nine river basins
namely: Pangani River Basin, Ruvu/Wami River Basin, Rufiji River Basin, Ruvuma
River and Southern Coast Basin, Lake Nyasa Basin, Lake Rukwa Basin, Lake
Tanganyika Basin, Lake Victoria Basin, Internal Drainage Basins of Lake Eyasi,
Manyara and Bubu depression. The Ruvuma River and Southern Coast Basin is found
in the South Eastern Tanzania where the research was carried out in the selected

villages of Mtwara and Lindi Region.

4.5.2 The Ruvuma River and Southern Coast Basin

The research was carried out in Ruvuma River and Southern Coast Basin which is
located along the Eastern margin of Northern Mozambique and Southern Eastern
Tanzania with a passive margin continental basin type (URT, 2013a). To the South of
the Ruvuma Basin, the Ruvuma River separates Tanzania from Mozambique country
and to the East the Ruvuma basin boarder Indian Ocean while to Makonde Plateau is
found to the West of the basin and to the North are Lukuledi and Mbemkuru River
and Selous Game Reserves (URT, 2013a). According to URT (2013a); the total land
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area around Ruvuma River Basin is approximately 152,200 km? where by 52,200 km?
(34.3%) are found in Tanzania and 99,530 km? (65.39%) are found in Mozambique
and 470 km? (0.31%) in Malawi.

A study by UNEP and WIOMSA (2009) indicates that Ruvuma River has a length of
800 km. The report estimated that the annual mean precipitation for the basin is 800
mm to 1,200mm with a total estimates mean annual runoff of 15 km?®. Floods
normally occur in the flood pain of Ruvuma river where crops may be destroyed and
occasionally occur on Matandu, Mbwemkuru and Mavuji river systems. Sediment
transport in the basin varies from 2.5m’/km?/year in Lukuledi river system to
185m*/km?*/year in Lumesule, a tributary of the Ruvuma river system (UNEP and
WIOMSA, 2009). The Ruvuma Basin and its Coastal waters have also five major
rivers that empty their water into Indian Ocean (URT, 2013b). These rivers include
River Matandu having 18,565 km?; River Mavuji with 5,600 km?; River Mbwemkuru
with 16,255 km?; River Lukuledi 12950 km? and the main Ruvuma River (URT,
2013a). All the rivers feeding the Ruvuma basin and associated wetlands are
important for dry land irrigation farmers as they provide both water needed for
irrigating crops and fertile soil at the river banks or flood plains. They also provide
green pasture for farmers and communities practising mixed farming or keeping

livestock during dry season.

Ruvuma basin has also small basins with water bodies such as wetlands (Kitele and
Rupondo water ponds) and small rivers not directly feeding the main Ruvuma River
(UNEP and WIOMSA, 2009). According to the Ministry of Water and Irrigation
(URT, 2013b) most of small basin are found along the altitudes ranging from 305 —
710 m A.S.L (Above Sea Level); however in few cases dry land irrigation farming
schemes in the study area is carried out in area having low altitude below 300 m
A.S.L. In the study area main small rivers (sub-catchment) includes River Mpapura,
River Mkwaya and River Lukuledi. The Ruvuma Basin has coastal land surface
covers Mtwara Rural and Lindi Rural while Ruangwa District is located along the
coastal area although not directly linked with Indian Ocean (figure 4.2). Most of the
Ruangwa District is found on high altitudes making it well suitable for agriculture due

to cool climate and fertile soil from slopes of Liwale and Ruangwa Mountains (URT,

2013b).
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Figure 4.2: Location of Study Area (Ruvuma Basin). Modified from URT, 2013a

The selected villages in the study area are located in Mtwara Rural District (Mbuo and
papura) and Lindi Rural District (Mkwaya and Mnazi Mmoja) and Ruangwa District
(Chimbile A and Chiheko). The villages are found in the South-Eastern part of
Tanzania along the coastal area. Most of the study area if found along coastal low
lying area and its elevation is not uniform throughout the region but it ranges between
120m to about 300m A.S.L. The rationale for selecting the villages in the study area is
that the three districts are characterized by dry land irrigation farming schemes which
that are constrained by low agricultural productivity, flooding and other
environmental problems including climate change and rainfall variability. The study
findings from this research report can be used improve the livelihood of this
vulnerable community and enhance their resilience against climate change and

thereby contributing to increase in agricultural output.

4.5.3 Geology and Topography

According to Regional Socio-economic Profile (2007); the geology around the study
area is based primarily on sedimentary deposits from the Jurassic and Lower
Cretaceous (around 150 million years ago). Geologically, there is a complex

interaction between the various elements defining the geology and topography of the
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study area. The coastal sedimentary formation produces deep, well drained, sandy
soils of low fertility and low moisture holding capacity such as valley soils of
Mpapura and Mkwaya villages (Artumas, 2005). Some few low lying areas give rise
to heavy muddy black clay soils while most of high elevated hills at Ruangwa district
give a mixture of poorly drained greyish gravel/soil to red earth, well drained and
heavy textured soils (Mattijin, 2010). In general most of the landscape in the study
area is characterised by rural settlements, general lands and farm lands with some
gentle undulation and flat plains (BirdLife International, 2013). Most of the valleys in
Mpapura, Mbuo and Mkwaya Villages consist of alluvial soils with peat type of
humus soil which are fertile and easy to cultivate. The soils around Chimbile A and
Chiheko are typical cotton soils while at the top of the valleys the soil is changing

from red earth into coarsely sandy soil.

4.5.4 Crops Grown and Livestock

Generally, the most important crops grown are: starchy staples notably maize, rice,
cassava and millet (URT, 2005). The leguminous crops mainly pigeon pea, cowpea,
lablab bean, green gram and bambaranut; oilseeds especially sesame and groundnut
(URT, 2009). Vegetables such as onion, tomato, cabbage, carrots, spinach, sweet
pepper and lettuce are commonly grown; however local vegetables such as amaranths,
cowpea, African eggplant, okra, jute mallow, pumpkin leaves, green peas also
common in various dry farming schemes around the study area (URT, 2005). The
national sample census of agricultural survey in Lindi region indicates that vegetable
crops such as tomato and onion are the most dominant grown in Ruangwa covering an
area of about 164ha and 364ha respectively (URT-Vh, 2012). In Mtwara rural district
the report indicates that apart from green vegetables being the dominant crops grown
under irrigation; the district had the largest planted area of tomatoes (1,335ha) and
Okra (328ha) in the region (URT-Vi, 2012). Tree crops particularly grown are
cashew, coconut, orange, lemon and banana. Livestock kept in the study areas
includes goats, cattle, sheep and local poultry are part of the farming systems. Cashew
and sesame are the most important cash crops; however, rice, cassava, groundnut,

maize and coconut contribute to some of the households’ income in the study area.
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4.5.5 Area Under Irrigation

According to URT (20121); the area of annual crops under irrigation in Mtwara region
was 2,717ha representing 0.6% of the total area utilized with Mtwara rural district
representing (161 ha, 6%) with total number of 372 households using irrigation. URT
(20121); further explains that the main source of irrigation in Mtwara are rivers;
whereby 2,770 ha equivalent to 45% of all irrigated land used this source followed by
canals (2,444 ha equivalent to 40%), tap water (554ha equivalent to 9%) and wells
(79ha equivalent to 1%). Information from URT (2012h) indicates that the area
planted under irrigation in Lindi region is 2,523ha equivalent to 0.84% of the total
planted area in the region with Ruangwa district having 548 ha equivalent to 21.7% of
the area planted using irrigation with 607 households using irrigation. The report
(URT, 2012h) indicates that the main source of water household’s use for irrigation is
river (40.5%) and canal (7%), tap water (1.9%) and a very small number of
households used borehole (0.5%). In both regions, the agricultural reports shows that
handy bucket is the most common method getting water for irrigation followed by

gravity water, hand pump and motor pump.

4.5.6 Socio-Demographic Profile

There are three main ethnic groups in Mtwara region namely Makonde, Yao and
Makua. The original inhabitants in the study areas are Makonde, Yao and Makua with
more than 75% of the population being Makonde although there are minor ethnic
groups such as Mwera and Maraba (Mtwara Regional Socio-Economic Profile, 2007).
According to National Population Census (2012), Mpapura ward has total population
of 4,933 of which Males are 2,284 and Females are 2,649 with average growth rate of
1.2 and average household size of 3.7. Mkwaya and Mnazi Moja in Mingoyo ward
has a total population of 11,812 of which Males are 5,538 and Females are 6,274 with
average growth rate of 0.9 and average household of 3.8 (National Population Census,

2012).

Traditionally, local communities in the study area are subsistence farmers, fishermen
and very few hunters (Regional Socio-economic Profile, 2007; URT, 2012i; URT,

2012h) . Main staple foods include cassava, sweet potatoes, millet and maize. Local
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communities also cultivate coconuts, groundnuts, millet and cashew nuts as cash
crops at a very small scale compared to the potential of the land. In the study area,
fishermen still make their living relying on fishing from dugout canoes and dhows in
the deep outer bay while others within reach of the coast also supplement their meal
by collecting other marine resources like shellfish and sea cucumbers. The regions
have experienced an increase in the number of population and households due to
availability of arable land for agriculture; other coastal resources of biological

importance and recent discovery and exploration of offshore oil and gas.

4.6 Population and Sampling

According to Visser et al. (2000); population is defined as the complete group of
elements to which one wishes to generalize findings obtained from a sample. de Vaus
(2002) elucidate that the fundamental goal of research is to be able to generalise — to
say something reliably about a wider population on the basis of the findings in a
particular study. On the other hand Kothari (2009) claims that in order to prepare a
suitable description of a population it is essential to distinguish between the
population for which the results are ideally required, the desired target population, and
the population which is actually studied, the defined target population. Creswell
(2012) explains that a sample is a subgroup of the target population that the researcher
plans to study for generalizing about the population. When dealing with people, it can
be defined as a set of respondents (people) selected from a target population for the
purpose of a survey (de Vaus, 2002). The sample should be representative of the
population to ensure that we can generalise the findings from the research sample to
the wider population as a whole. An ideal situation, in which the researcher had
complete control over the research environment, would lead to both population and
the sample containing the same elements and characteristics (Flowerdew and Martin,

2005; Creswell, 2012).

Depending on the objective of the study and research question; this can be fully
achieved by having proper sampling design technique (s). In this study the target
population were all dry land irrigation farmers along the Ruvuma basin, whereas the
sample population were individual farmers particularly farming during the dry season

from which the sample (respondents) were drawn for the research study. The
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population in the study area involved 2,971 households practising irrigation in three
districts, namely Lindi Rural District with 1,612 households; Ruangwa District had
987 households and Mtwara Rural District has 372 households (District Governments
Authorities Communication, 2012). The data was later divided further into six
villages, each district having two villages selected for study. With the help of Village
Chairperson and Ward Executive Officer; village registers in respective villages (in
the study area) were used to identify households practising irrigation farming. Village
register are official books used by village local authority to record names and other
important information of all individuals residing in the village for the purpose of
keeping and tracking village records. In addition to these villages, there were five
institutions, namely Lindi Rural District Council, Ruangwa District Council, Mtwara
Rural District Council, the Ruvuma Water Basin Office and Southern Irrigation Zonal
Office. This made the population to have a total of 2,976 units (households, district

authorities and institutions).

4.6.1 Sampling Design

Creswell (2012); describe sampling as the act, process, or technique of selecting a
suitable sample, or a representative part of a population for the purpose of
determining parameters or characteristics of the whole population. Since it is
generally impossible to study an entire population (e.g. every individual farmer in a
country), researchers typically rely on sampling design to acquire a section of the
population to perform an experiment or observational study (Flowerdew and Martin,
2005; Babbie, 2010). Creswell (2012) define a sampling design as a set of rules and
procedures by which some elements and characteristics of the target population are
included in the sample unit. It encompasses all aspects of how to group units on the
frame, determine the sample size, allocate the sample to the various classifications of

frame units, and finally, select the sample (Babbie, 2010).

Sampling designs can be classified as random/probability sampling designs, non-
random/non — probability sampling designs and ‘mixed’ sampling designs (Cohen et
al. 2007; Babbie, 2010). For a sample to be called a random sample, each element in
the study population must have an equal and independent chance of being selected in

a study (Visser et al. 2002) while in non — probability sampling designs do not follow
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the theory of probability in the choice of elements from the sampling population
(Creswell, 2012). Non — probability sampling designs are used when the number of
elements in a population is either unknown or cannot be individually identified. In
such situations the selection of elements and its characteristics is dependent upon
other considerations based on research objectives and type of data needed (Frankfort-
Nachmias and Nachmias, 1996). Cohen et al. (2007) adds that non — probability
sample deliberately avoids representing the wider population as it seeks only to
represent a particular group of interest such as a group of students who are taking a
particular examination in a certain class. Thus, the best method to sample the
population for observation or studying in this case is by using non — probability
sampling. Here the population of interest can also be sampled from existing records
such as village book register, a population census surveys; or be constructed by

researcher in the field depending on the objective (s) of the study.

There are four common types of non — probability sampling i.e, convenient/accidental
sampling, purposive (judgmental) sampling, snowball sampling, and quota sampling
(Visser et al. 2002) where each type of sample seeks only to represent itself or
instances of itself in a similar population, rather than attempting to represent the
whole, undifferentiated population (Cohen et al. 2007). In this study, purposive
sampling was used to selected suitable sample for representing the dry land irrigation
farmers in the study area. According to Visser et al. (2002); purposive sampling
consists of the researcher using their judgement and approaching only those people
who they decide are most appropriate to participate in the study. Babbie (2010)
further adds that purposive sampling techniques are primarily used in qualitative
studies and may be defined as selecting units (e.g. individuals, groups of individuals,
institutions) based on specific purposes associated with answering a research study’s
questions. In the study area, dry land irrigation famers were deliberately selected
based on their knowledge about dry land irrigation farming schemes which could have
not been provided as well from other people. The technique was used because
probability sampling was considered less important since, random samples may have
been largely ignorant of vulnerability and resilience of dry land irrigation farming
issues against climate change impact and unable to comment on matters of interest to
the researcher which justify the selection of this method. Cohen et al. (2007) add that

the method is also used in order to access ‘knowledgeable people’, i.e. those who
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have in-depth knowledge about particular issues, maybe by virtue of their professional

role, power, access to networks, expertise or experience.

In this case, the dry land irrigation famers were the best sample satisfactory to the
research study as they indicate most distinct factors of vulnerability and resilient to
climate change impact compared to other people. The purposive sampling was done at
two levels in the study area. The first level was selecting the research site (i.e, districts
and villages) where three districts, each with two villages were purposively selected.
The districts and villages selected included Lindi Rural District Council (Mkwaya and
Mnazi Moja villages); Ruangwa District Council (Chimbile A and Chiheko villages);
and Mtwara Rural District Council (Mbuo and Mapura villages). Most of these
Districts selected had small scale irrigation farming schemes producing vegetables
and horticultural products feeding the main markets in most urban towns of Mtwara
and Lindi regions. The sites were also selected because they were among several
villages which are affected by climate change impacts such as extreme floods and
temperature because of their geographical location (coastal low land areas) as well as
increased intensity of extreme climatic events such as frequent dry spell. Therefore,
the selected sites are more vulnerable to impact of climate change than other areas in

the region in the study area.

Apart from effects of climatic condition, other criteria that used were poor land use
management (shifting cultivation), lack of resources entitlement (agricultural inputs)
and lack of access to market for fresh produce. These factors also guided the selection
of the villages with the aim of identifying other factors that are equivocal and
expediting the vulnerability of dry land irrigation farming apart from climatic
variability and how such factors relate to changes in the farming practiced by dry land
irrigation farmers in the study area. The selection of the six villages (Mkwaya, Mnazi
Moja, Chimbile A, Chiheko, Mbuo and Mapura) were also important so as to compare
those villages in terms of levels of vulnerability (exposure and sensitivity - farming
schemes and crops grown) and different coping and adaptive strategies employed by
dry land irrigation farmers. Though the study area is located along the coastal low
land area, the location of the villages at different altitudes (low altitudes - Mtwara
rural and Lindi rural district; and medium elevated area - Ruangwa district) was also

considered as a criterion for selection of the villages. The five institutions (i.e Lindi
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Rural, Ruangwa and Mtwara Rural District Council, Ruvuma Water Basin Office and
Southern Irrigation Zonal Office) were selected because of their mandates,

jurisdictions and technical as well as administrative functions in the study area.

The second level of purposive sampling was selecting the respondents in the study
area who were involved in the dry land irrigation farming as part of their livelihoods
throughout their lives. This was executed by using the village household register
(village book register) which provided easy access to important information on socio-
economics profile and the commonly used categories of farmers (such as cashew nut,
rice, cassava, vegetables and maize) in the village. With the assistance of Village
Executive Officer, Village Chairperson and Village Economic and Development
Committee in each village; respondents were selected based on criteria defined by the
researcher i.e a dry land irrigation farmer. The main criteria’s used for selecting
respondents (dry land irrigation farmers) were based on farmer’s characteristics such
as dry season farming, size of the farm/plots (<lha), type of crops grown, farming
methods and resources owned. For inclusion of diversity, other socio-demographic
characteristics (age, gender, occupation, income) were also considered. Although the
village book register formed the entry for getting household list, in the end
verification of respondents (households) was needed to filter out many deficiencies
such as names of deceased, respondents with multiple names/appearing more than
once or respondents who are not currently residing in villages. Here, key informants
and representative of hamlet in each village were also asked to verify the list of
respondents (dry land irrigation famers) on the register. The underlying assumption
for using these key informants and representative of hamlet was that they knew
almost all households in the village plus their livelihoods activities more than other
village authority. The variation among the farmer’s characteristics (criteria) mention
above were also observed during selection so as to have different composition in
terms of size of the farm/plots, type of crops grown, farming methods and resources
owned. Finally, the selection of expert’s interviewees was made by heads of the
respective institutions where the heads of institutions were consulted to identify the
right individuals to be interviewed. Respondents for FGD’s were also purposeful
selected with the help of village leaders considering their roles, experience and

knowledge on climate change and irrigation farming issues within their local areas.
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Although purposive sampling can be a possible source of bias, it was justifiable for
use in this study given the nature of respondents/households (dry land irrigation
farmers) characteristics and distribution among farming communities across the
villages and the heterogeneous nature of their livelihood strategies and socio-
economic status. Flowerdew and Martin (2005) were vigilant on the key challenges
(selection bias) when using non-probability sampling which may occur during the
recruitment and retention of participants. However, the most effective way of
avoiding such bias is by having a well-designed study so as to avoid under-coverage,
volunteer bias and interviewer/researcher unconscious bias which may occur during
field data collection (Visser et al. 2002; Babbie, 2010; Creswell, 2012). Welman et al.
(2005); agree that though in purposive sampling, samples may not be representative
and their comments may not be generalizable, this is not the primary concern in such
sampling; rather the concern is to acquire in-depth information from those who are in
a position to give it. According to Singleton and Strans (2005); adjustment can be
made to ensure sufficient numbers of respondents are included for proper

representation of the wider population, statistical analysis and policy implementation.

4.6.2 Sampling Frame

A sampling frame is a list or document that identifies most units within the target
population. In the study area, sampling frame (i.e. village book or household register)
was used to select individuals (dry land irrigation farmers) with some common
defining characteristic (such as farming season, crops grown, size of the farm) that the
researcher identified and used for the study. Within the village book or household
register, samples (individual farmers) were select for a study. In this study (see figure
4.3), a household is defined as a person or group of people living together and sharing

the same resources under the same house/hat (HBS, 2008; URT, 2012).
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Figure 4.3: Households setting in the study area. Source: Mhagama, 2014.

For this research individual farmers were interviewed since the setting of the
household is that respondents (individual farmers) living and sharing the same
households; have or own a farm plot and use it to produce vegetables during the dry
season. For the verification of the final selected list of respondents, key informants
and representative of the hamlet in each village made sure that only one member of

the family were selected from each household for the interview.

4.6.3 Sample Size

With the help of Zonal Irrigation Officer (Southern zone) and District Agricultural
Officers, two sample villages were selected in each of the following Districts;
Ruangwa, Lindi Rural and Mtwara Rural District making a total of 6 villages.
Purposive sampling was used to select respondents for questionnaires interviews. A
total of 187 respondents were selected using village book register with the help of
Village Executive Officer, Village Chairperson and representative of the hamlet. The
selection of farmer’s characteristics were based on gender, age, education, occupation,
dry season farming, size of the farm/plots (<lha), crops grown, farming methods,
resources owned as well as experience of the farmer so as to represent the diversity of
the local farmers’ views on dry land irrigation farming schemes. The number of
respondents in each scheme was determined using the criteria adopted by JICA/NIA
(1991) where the irrigation area scheme commands was used as the criteria for
sampling number of respondents. Based on irrigation command area criteria,

JICA/NIA (1991): i.e 201 — 300 ha (50 respondents); 301 — 400 ha (60 respondents)
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and > 400 ha (70 respondents). Based on estimates made by zonal irrigation officer;
most of the dry land irrigation area falls under the first category of irrigation
command area making the number of respondents to be smaller. The distribution of
respondents in each village was Mbuo 16; Mpapura 36; Mkwaya 29; Mkwaya 29;
Mnazi Moja 30; Chimbile A 45 and Chiheko 31 making a total of 187 respondents
interviewed (table 3.5).

Table 3.5: Number of respondents interviewed in each Village and District

S/N Name of Name of No. of Total | Percentage
District Village Respondents s (%)
1 Mtwara Rural | Mbuo 16 52 27.3
Mpapura 36
2 Lindi Rural Mkwaya 29 59 32.1
Mnazi Moja 30
3 Ruangwa Chimbile A 45 76 40.6
Chiheko 31
Total 187 187 100

Source: Mhagama, 2014.

Five District Agricultural Officials (one from each district) were selected for the
expert’s interviewees. The appointment of experts was made by heads of the
respective institutions. For the focus group discussion, 12 respondents were selected
with the help of village leaders considering their roles, experience and knowledge on
climate change and irrigation farming issues within their areas of jurisdiction. The
final sample size constituted a total number of 216 individuals distributed as follows:
187 for questionnaire; 24 for the FGD and 5 for the interviews. According to Visser et
al. (2002); the main feature of qualitative sampling is the fact that the number of cases
sampled is often small. This is because, as mentioned earlier, a phenomenon only
need appear once to be of value (Babbie, 2010). Furthermore, because qualitative
investigation aims for depth as well as breadth, the analysis of large numbers of in-
depth interviews would simply be unmanageable because of a researcher’s ability to

effectively analyse large quantities of qualitative data (Ritchie and Lewis, 2003).
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4.7 Primary Data Collection

Permission for field data collection was given by the District Commissioners Office,
District Councils and Village Authority. The process of data collection was carried
out in two field phases. The first phase took place between September and November,
2013, and was based on household questionnaire surveys; focus group discussion and
participant observation and collection of secondary data. In the second phase which
took place in July, 2014 and July, 2015 focused on semi-structured interviews with
key informant’s and expert’s interviews and recap of all the missing data and
information from the field. The strategy for data collection are summarised in the
table 4.6 below.

Table 4.6: Data collection strategy

Technique Selection Participants Main themes
Household Purposive 187 respondents Household socioeconomic
questionnaire | selected (dry land irrigation characteristics; farming
survey farmers) strategies and constraints;
Coping strategies
Field Random and | Few selected respondents | Farming practices, land
observation | subjective and their farming use, water availability,
practices and irrigation resources owned crops
schemes in each village | productivity (indicators).
Focus group | Purposive Dry land irrigation Perceptions, opinions,
discussion selected farmers with interest on | beliefs, and attitudes
selected based on towards issues related to
knowledge and vulnerability and resilient
experience of of dry land irrigation
vulnerability and farming schemes against
resilience of dry land climate change impact,
irrigation farming, choice and determinants of
gender, availability and coping strategies.
willingness to participate
Interviews Knowledge Agricultural officers and | Comprehensive and in-
and irrigation experts. depth understanding of dry
experience on land irrigation farming
the subject practices, its exposure to
climate change impacts,
levels of mechanization,
different copping and
adapting strategies.

Source: Mhagama, 2014.
Apart from primary data, secondary data was also collected from various local and
national archives and reports. The following sub-sections provide details of the

process of data collection in the field.
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4.7.1 Household Questionnaires

The household questionnaire were designed and administered to 187 respondents
(individual dry land irrigation farmers) in the study area (figure 4.4). The
questionnaires were divided into 4 sections: ie. First sections on household
characteristics such as socio-demographic profile, farm assets, household economics
and farming systems. The second section included knowledge on dry land irrigation
farming schemes and third section on farmer’s knowledge on vulnerability of dry land
irrigation farming schemes while the fourth section was on resilience of dry land

irrigation farming schemes against climate change impacts.

Figure 4.4: Field questionnaire administration. Source: Mhagama, 2014.

Closed and open-ended questionnaires were used to collect information on farmers’
experiences on local histories of dry land irrigation farming schemes and its
management systems (site selection, land preparation, cropping, water use and
management, conservation). Information of the farmers’ perceptions on the climate
change impacts were also collected i.e. if there are any changes in their farming
practices overtime; and explanation of why those changes have occurred in terms of
different farming schemes and types of crops and crop varieties as well as factors that
motivate farmers’ decisions to undertake such changes farming practices. Generally,
each farmer selected into the sample was asked to respond to questions from the
questionnaire and the enumerator filled in the responses as per participant’s responses.
Information on farmers’ knowledge on vulnerability of dry farming to climate change,
copping and adaption strategies so as to safeguard dry land irrigation farming schemes
during periods of stress/shock such as drought, flooding and disease/pest outbreak

were also collected and analysed. Other aspects of information collected from the
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farmers included their opinions on what strategies can be done as interventions so as
to reduce the impact of climate change (vulnerability) to their farming schemes and

enhancing adaptation (resilience) to climate change variability in future.

For the closed-ended questions, a list of possible climatic changes (variability in
temperature and rainfall) and their impacts (floods and crop drought) relevant to
smallholder irrigation farmers’ context were made based on similar studies obtained
from other relevant researches (Luers, 2005; Adger, 2006; Fussel, 2007; Deressa et al.
2008 and Gbetibouo and Ringler, 2009). Extreme events such as occurrence of flash
floods, dry spells and strong winds and their frequency and durations were also
included in the list. The researcher’s experience on vulnerability of dry land irrigation
farming schemes for smallholder irrigation farmers; in Tanzanian context were also
included during questionnaire development. Then farmers were asked to select only
possible changes suited to their local climate and the fact that they believe they had
been experiencing according to their best level of knowledge and experience in the
study area throughout their farming history. Apart from the provided list of possible
changes, farmers were asked to name any other changes that are not in the list but
they feel are important and have played a significant role in making the dry land

irrigation farming schemes more vulnerable to climate change.

In case of open-ended questions; the study was of interested also to enquire on
farmers’ views regarding their prediction on the state of climate in future where
farmers were asked to predict how climate would be in the immediate future,
approximately the next five to ten years (whether the situation will be normal or
worse than ever). Here, opinion of the farmers (farmer’s knowledge) on what changes
they undertake so as to enhance dry land irrigation farming schemes to adapt and cope
(become resilient) to climate change impact were collected. Most of the farmers
opinions were based on changes in the farming practices such as soil and water
conservation; use of crop varieties or crops that are resistant to drought and
diversifying household income. Information on what possible factors motivating them
to make decision (s) to undertake those changes in the farming practices were also
collected. In addition, for a complete detailed list of questions, see the questionnaire

attachment (Appendix I).
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4.7.2 Focus Group Discussion (FGD’s)

In addition to the quantitative and qualitative household survey (local farmers), focus
group discussions with dry land irrigation farmers and other stakeholders were carried
out. Cohen et al. (2007) define a focus group as “a group of individuals selected and
assembled by researchers to discuss and comment on, from personal experience, the
topic that is the subject of the research. With the help of village leaders and
agricultural extension officers, 24 dry land irrigation farmers were randomly selected

from households and participated in the group discussion (figure 4.5).

.

Figure 4.5: Focus group discussion. Source: Mhagama, 2014

Gender, age, experience and type crop (s) grown in the field were considered during
selection. In each village participants (FDG) convened a meeting and were asked to
discuss number of issues (such as exposure, impact and coping strategies of irrigation
farming) related to vulnerability and resilient of dry land irrigation farming schemes
against climate change impact based on the guideline provided by the researcher. The
focus group discussion were structures through discussion only and documented in
terms of minutes of meeting or briefings in response to the questions asked. Their
perceptions, opinions, beliefs, and attitudes towards the aforementioned subject were
collected and documented during discussion. The discussions were guided by the
historical background of the villages and changes in the local climate that have been
experienced over time (see appendix II). Other points included reason motivate them
to make changes on farming practices and at what time as well as what are the
expected future climate changes and impacts and what are the adaptation

interventions.
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4.7.3 Interviews

In addition to the focus group discussion, interviews with experts (KI) were carried
out. Heads of institutions were responsible for selection of responds (particularly
agricultural officer or irrigation officers) and after the selection; initial contact was
made to determine if informants would be willing to participate in an interview. Once
the expert had agreed, the researcher scheduled the interview at the place and time
convenient to the interviewers. Discussions were arranged with interviewers on land
use changes and how these changes affect dry land irrigation farming schemes as well
as future water and food availability. Then, experts selected for participation in the
study were interviewed, through a semi structured interview, to obtain details used to
substantiate the data collected through questionnaire and FGD so as to validate
farmers’ information through a technical and experts’ window. The interviews were
designed to allow for comprehensive and in-depth understanding of information on
dry land irrigation farming practices, its exposure to climate change impacts, levels of
mechanization as well as different copping and adapting strategies used by irrigating
communities during periods of stress/shock. The interviews generally lasted between
40 minutes and one hour depending on the details offered by experts. Interviews were
held in the common areas in the offices or at locations where the respondents felt
most comfortable. In addition, a few selected elders from the villages were also
interviewed with a similar aim of cross checking the information obtained through the
questionnaire in a historical perspective. Data and responses from experts interviews
wer then triangulated against local farmers (dry land irrigation farmers) responses in

order to validate information provided and observed during questionnaire interviews.

4.7.4 Field Observation

One of the inherent advantages in the participant observation approach is the ability of
investigators to be able to discern ongoing behaviour as it occurs and are able to make
appropriate notes about its salient features (Bailey, 2004). In this study, the researcher
used variety of methods for observation, including observing farming practices
including taking general notes and pictures (figure 4.6) on farming practices in the

field as well as decision made by farmers and what reason prompted those changes.
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Figure 4.6: Mulching and crop mixing as part of adaptation strategies to increased

temperature. Source: Mhagama, 2014.

According to Creswell (2013) in many research cases where it has been used,
participant observation was found useful in understanding the ways people live and
their opinions as related to a particular situation. In few cases a researcher took part in
village assembly meetings held during the duration of the field work, joining some
farmers in gardening and watering the crops. In this case, the researcher was also able
to watch, listen, learn and interpret actions and events as they occurred. Such
opportunities allowed seeing in detail the intricate and dynamic of those activities, the
voluntary decisions for undertaking such an activity and their implication. Apart from
involving and engaging in participant’s activities; de Vaus (2002) warns that
boundaries have to be established on exactly what to observe whereas Esterberg
(2002) suggest that the research should clearly decide on the amount of participation

and observation for each event.

In the study area, observation during the fieldwork was used mainly to probe issues
beyond those covered during the structured questionnaires and interviews. Babbie
(2010) add that because case study observations take place over an extended period of
time, researchers can develop more intimate and informal relationships with those
they are observing, generally in more natural environments than those in which
experiments and surveys are conducted. Other specific issues pertaining to dry land
irrigation farming schemes such as site selection, land preparation, water use and
management, cropping, conservation and copping strategies were collected by a
means of field observation (field visits and taking pictures). de Vaus (2002) argue that

the considerable time it takes for even a short observation, deters many researchers
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from using this method. According to Flowerdew and Martin (2005); the researcher
also can risks his or her interpretation when taking notes, which is accepted by
qualitative researchers, but meets resistance from post-positivists. In order to ensure
that certain factors did not affect the process of participant’s observations, the
researcher considered the limitations of what to observe according to the list described
above and how to participate in activities during field observation. Other scholars
such as DeWalt and DeWalt (2002) and Flyvbjerg (2004); highlighted that the
researcher should be aware of the compromises in access, objectivity, and community
expectation that are being made at any particular place along the continuum.
Generally, observations are designed to generate data on activities and behaviors, and

are generally more focused on setting than other methods.

4.8 Secondary Data Collection

In the study area, the secondary data included collection of bio-physical data
(temperature and rainfall variability). The long term monthly average temperature and
rainfall records were collected from Naliendele Agricultural Research Stations (NARI
and Mtwara Airport Authority), which are under the Tanzania Meteorological Agency
(TMA), Southern Zone Office. The future climate projections from IPCC (IPCC,
2014) and various climatic models such as Non-Homogeneous hidden Markov Model
- NHMM (Cioffi et al. 2014) and ENSO were used to predict future rain-fall patterns
and temperature variability in Tanzania under a global warming scenario. The use of
rainfall and temperature data in this study was intended to ascertain the perceptions of
dry land irrigation farmers; key informants and local leaders and experts on the state

of the local climate, which were expressed in the questionnaire, interviews and FGD.

Other secondary data included different information from various reports on climate
change impacts, vulnerability and resilient of small scale irrigation farming schemes
in Tanzania and the rest of the world. Documentary data in form of published and
unpublished materials from government agencies (Ministry of Agriculture and Food
Security), research institutes (Naliendele Agricultural Research Institutes), and other
regional and international agencies or database were the main sources of data. Other
multiple sources of data such socio-economic survey reports and statistics related to

vulnerability and resilient of dry land irrigation farming schemes were also used
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Deressa et al. (2008) and Isabel (2012) encourages that the use of secondary data is
vital so as to gauge the perceptions of the farmers against actual climate data obtained
from the relevant and mandated authority in Tanzania and see how these two sets of
data tally in terms of results outputs and interpretation. While this was a relevant and
approach, two challenges need to be stated at the outset. The temperature and rainfall
data collected represent the use of Thiessen Polygons method (collection of weather
data using boundaries define by the area that is closest to each point relative to all
other points) rather than the exact point in each village studied. This was due to the
fact that the TMA weather station in Mtwara was the only main station with both
available temperature and rainfall data. The location of the all six villages along the
coastal lowlands areas, indicates a strong representative of the study area because they
are in almost similar elevation and share a number of characteristics such as the type
of crops grown and climatic conditions as well as the average amount of rainfall they

ought to receive, according to the interview data.

4.9 Data Verification and Validation

Cohen et al. (2007) describe data verification as a process of evaluating the
completeness and accuracy of a specific data set against method or procedural used
for data collection whereas validation is an act or process that extends the evaluation
of data beyond method and procedural used (i.e. data verification) to determine the
reliability and quality of a specific data set (de Vaus, 2002). de Vaus (2002); further
argue that a reliable measurement is one where we obtain the same result on repeated
occasions whereas validity refers to getting results that accurately reflect the concept
being measured. The aim of this process is to ensure that the instrument used in data
collection yield the intended and expected data that lead the researcher to precisely
answer the research question (s) and allow reconstruction and evaluation of the study
using the same procedure (Babbie, 2010). The process is vital for any research work
so the standard and quality of the research data and results can be trusted and even be
put into practical use by the consumers. The process of verification and validation of
the data collected in this study were made throughout the research process. The
researcher used different means to compare and corroborate information collected,

such as expert review, pre-testing and triangulation methods.
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The use of expert reviews involved four experts from Tanzania (namely Mr. Greyson
Nyamoga — Sokoine University of Agriculture; Dr. Andrew Kabanza — Naliendele
Agricultural Research Institutes; Dr. Juma Mwinjuma — Zonal Irrigation Office and
Ruvuma Basin Office and Daudi Amas — Tanzania Meteorological Agency, Mtwara
Zone). The argument behind is that the researcher subjected the questionnaire and
guidelines to several experts in the field of vulnerability, resilience, climate change
impact and irrigation for the aim of getting the instruments reviewed. According to
Kothari (2009); the use of experts in reviewing the instruments and providing
comments to the researcher on how they can be improved can be a better way of
ensuring validity and reliability. In this study, the experts aforementioned reviewed
the instruments and provided comments most of which were incorporated, shaping
further the instruments before they were used in the field. The comments provided by
reviewers were most related to structure of language used to portray some concepts so
as to relate them to respondents’ understanding level and the scope of the questions
whether they really reflected all required issues intended to be measured for the study.
Other comments were the avoidance of repeatability of some of the questions; lengthy
of the questionnaire; and the practicality in terms of both data collection and data

analysis.

The use of pre-tested questionnaire was another way to ensure validity and reliability
of data collected. According to Babbie (2010); this is important so as to identify and
rectify shortcomings of the instruments and get them addressed well before they are
fully used for data collection in the field. Cohen et al. (2007) add that there are several
advantages of pre-testing the instruments before they are used in the field such as
providing the researcher with possibility of refining data collection instruments as
well as predicting as to whether or not results are really going to be meaningful and
reflecting the real context of the study. In this study, pre-testing of the questionnaire
was done at Mbuo Village, Mtwara rural district and Mkwaya village, Lindi rural
district between August and September, 2013. The process involved 8 dry land
irrigation farmers selected randomly by the researcher in collaboration with village
authority. The selected farmers were then briefed on the exercise of questionnaire pre-
testing before they were requested to take part in the exercise. The process helped to
identify incorrect and unclear words to the farmers (such as different terms used);

appropriate and clarity of the instructions as well as any missing items in the list. The
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pre-testing of questionnaires helped to include part of frequency and duration of
extreme climatic events (floods and dry spell) as well as the choice and determining
factors for different coping strategies. Other modification of the questionnaires
included rewording of few question items and pre-testing of results before the final

version of the questionnaire were printed ready for data collection exercise in the

field.

The last verification and validation methods were the use of triangulation methods
which denotes a designed use of several different research methods, for offsetting
biases in a study on a phenomenon and strengthening validity of the results (de Vaus,
2002; Cohen, et al. 2007; Babbie, 2010). Flowerdew and Martin (2005) describe
triangulation as the process of using different bearings to give the correct position in
mapping and surveying studies. In the same way researchers can use multiple
methods or different sources of data to try and maximise their understanding of a
research question. Cohen et al. (2007) fortify that triangulation is a powerful way of
demonstrating reliability and validity, particularly in mixed method research. The
concept is based on the assumption that an inherent bias or limitation in particular
data sources, investigators and methods would be counteracted when used in
conjunction with other data sources, investigators and methods (Cohen et al. 2007,
Creswell, 2003). The process of triangulation is vital in reducing the possibility and
chances of reaching false conclusions. According to Creswell (2003) cited in Deressa
et al. (2008); interview and observation data, for instance, can be used to confirm the
conclusions reached on the basis of questionnaire. It is a way of crosschecking results
obtained in one method against those obtained in other methods in a similar study
thereby making the study results strongly convincing and technically, strongly

supported.

In this study, the researcher used information obtained from focus group discussion
and expert’s interviews to triangulate data obtained from household questionnaires.
Information from respondents were also cross-checked for repetition and sometimes
the researcher asked the same questions twice if not convinced of the first response
and cross-checking data with key informants in the community as well as local
experts from District Agricultural Departments, Zonal Irrigation Office and Ruvuma

Basin Authority. Triangulation also involved comparing the information captured
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from respondents through direct field observation and the use of secondary data such
as government reports and statistics as well as information synthesised from literature.
In some cases observation included taking various photos showing farming practices,
crops grown, surface water availability and different land use practices as indices of
vulnerability and resilience of dry land irrigation farming schemes against climate
change. Various sources of data and methods of data verification and validation
(experts review, pre-testing and triangulation) were all compared and used so as to

finally draw conclusions for this study.

4.10 Data Treatment, Processing and Analysis
4.10.1 Quantitative Data

The quantitative data obtained through collection of long term monthly average
temperature and rainfall records from Tanzania Meteorological Station, Mtwara
(TMA) and through household survey for the six villages studied. Temperature and
rainfall data from TMA were entered in spreadsheets in MS-Excel (2010). The
annually temperature variability and monthly average temperature were computed and
analysed to indicate variability whereas annual rainfall averages and number of rain
days per year were computed and analysed to indicate pattern and monthly
fluctuation. The analysis helped to compare the claims from farmers concerns over
the general temperature trend and rainfall pattern in the past 10 years (i.e. incidents of
increased frequent floods and frequency of dry spell). The quantitative data from
household questionnaire surveys from six villages were transcribed, translated into
English and then coded for computer data entry. Each piece of information from all
respondents was careful checked and compared before coded and entered so as to
reduce redundancy and misinterpretation of the data. The final data was then entered
into computer for data analysis using Statistical Program for Social Science (SPSS-
version 20) for data analysis using descriptive techniques. Descriptive statistics from
responses were run to generate frequencies and percentages. Cross-tabulation was
made, particularly for the multiple response questions. This allowed comparison of

different study parameters among the six villages studied.
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4.10.2 Qualitative Data

Information and data collected qualitatively were careful transcribed and translated
into English and then coded by assigning a numerical value to responses to facilitate
data capture and processing in general. However, to avoid misinterpretation some
parts of the text that were quoted for the purpose of reporting were accompanied by
pictures taken from the field observation. Different data or information from the field
such as notes from interviews responses were organised into digital format. Some
questions were coded after data collection during a manual process of computer data
entry. Due to expensiveness and time-consuming of data capture and coding
activities, data quality and control was introduced so as to foresee the problem of any
errors that can affect the final survey results. Quality assurance helped to anticipate
problems and prevent them whereas control ensured the numbers of errors that occur

are within acceptable limits.

Therefore, after data codification and computer data entry; data processing and
analysis were undertaken by compiling information collected in the field using
different data collection methods. The analysis of the qualitative data and the
interpretation process used in study were closely aligned with the iterative process of
qualitative data reduction used by Silverman (2011); and organisation, analysis and
interpretation described by Creswell (2003). Other statistical method used includes
the analysis of qualitative data used by Morgan et al. (2004). Descriptive, means
comparison, correlation and test of functional relationships between variables were
used during data analysis to present findings from the research inputs. Descriptive
statistics (means, correlation, functional relationships) were used for interpretation of
data from the research findings. The research finding was compared with various
relevant research studies/reports so as to develop contrast among the obtained output
and draw conclusion on vulnerability and resilience of dry land irrigation farming

schemes against climate change in the study area (Ruvuma River Basin).

4.11 Limitation of the Study

General in any social survey studies there are apparently limitations that can be
obtained using mixed research methods due to employment of various research

techniques for data collection (Visser et al. 2002; Cohen et al. 2007; Kothari, 2009).
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For example in observational techniques, it is difficult to learn about the underlying
factors in the behaviour observed nor the attitudes, motives and explanations (Babbie,
2010). Several problems and their clarification have been mentioned in the previous
sections related to different research approach and data collection techniques;
however there are few limitations (challenges) encountered during field research
process in relation to sample size and validity, time constraint and the perception of
dry land irrigation farmers towards the researcher and the research output in general.

Among the six villages studied, Mbuo village had a small number of dry land
irrigation farmers which affected the number of sample size in that village. This was
bolstered by the fact that since the field research is not meant to generalize for the
whole Southern Eastern Tanzania dry land irrigation farming schemes, but to provide
an in-depth understanding of vulnerability and resilience of the subject along the
Ruvuma Basin. One of the main limitations was the selection of research participants
for focus group discussion where the research efforts tend to attract respondents who
had experience and are interested in the subject. Therefore, participants might have
more positive attitude towards the subject than the average audience resulting in
biased opinions. This had no impacts on the results, since most of the information
collected during FGD session was cross-checked and verified by expert’s interviews
and collaborated by various local and national reports regarding the subject studied.
Nonetheless, through transparently stating this weakness, the researcher tried to

achieve credibility (Bazel, 2004; Yin, 2009).

In the villages studied, most of the individual farmers (study area) are renowned for
being scattered and the fact that the farming practise is carried out during early
morning and evening hours making it difficult to fix appointment with respondents or
even to predict if they will appear regardless if a meeting time has been agreed
between the researcher and the farmer. This was a limitation to the research as extra
time and resources were allocated for this research thus affected the logistic and
mobility of the researcher trying to meet up with other respondents for interviews. For
example, in three cases separately, in Mbuo and Mkwaya Villages, 2 - 4 appointments
had to be re-scheduled before an interview could take place. In this case a high
flexibility, persistence and resilient were required in order to mingle and integrate

with farmers so as to ensure that information being collected were accurate and
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reflected the local reality of the respondents without affecting their judgement or

behaviours.

In few cases, the researcher observed questionnaire fatigue and some of respondents
were not willing to give accurate and exact information. This was affected by their
perception towards the researcher and the research output in general (being paid after
interview session). This was offset in most cases, where farmers were told the purpose
of the research, the confidentiality of the information provided plus their willingness

to participate so as to exclude those with negative perception towards research.

4.12 Demographic Characteristics of Households Surveyed.

In the study area few people involve in the dry farming practices. The study findings
(table 4.7) shows that Ruangwa Districts had the highest number of people (27.3%)
involved in the dry farming practices followed by Lindi Rural (32.1) and Mtwara
Rural District (40.6%).

Table 4.7: Number of respondents interviewed in each Village and District

S/N Name of Name of Freq Total Percentages

District Village (%)

1 Mtwara Rural | Mbuo 16 52 27.3
Mpapura 36

2 Lindi Rural Mkwaya 29 59 32.1
Mnazi Moja 30

3 Ruangwa Chimbile A 45 76 40.6
Chiheko 31

Total 187 187 100

Source: Mhagama, 2014

The survey data indicated the family size of the sampled households varies from 2 to
11 with a mean of 1.45 meaning majority of the respondents less family members
which is slightly less than the average family size of 3.7 for Lindi and 3.8 for Mtwara.
On the other hand, the study found out that there is high number of productive labour
forces (18 to 35 ages) with in a family (table 4.8).

135|Page



Table 4.8: Age of respondent

S/N | Name of Village Age of the Respondent Total
18-25 | 26-35 | 36-45 46 — 55
1 Mbuo 1 7 8 0 16
2 Mpapura 14 12 10 0 36
3 Mkwaya 9 14 9 0 29
4 Mnazi moja 6 14 6 4 30
5 Chimbile A 15 20 7 3 45
6 Chiheko 7 15 6 3 31
Percentages 27.8% 44.4% 22.5% 5.3% 187

Source: Mhagama, 2014.

Among the interviewed household heads 88 are female and 99 are male. There is high
number of marriage and few cases of female household heads (Table 4.9). There is no
significant variation in sex composition across the farmers in the villages. In many
households, the study found out that people were living in one compound and
working on different field or activities but pooling their income together and share the

same dwelling and eat together.

Table 4.9: Sex and marital status of the respondents

S/N | Name  of Sex of the Sum | Marital Status of the Respondent Sum
Village Respondent
Female | Male Single | Married | Divorce | Widows

1 Mbuo 11 5 16 2 14 0 0 16
2 Mpapura 30 6 36 12 19 3 2 36
3 Mkwaya 21 8 29 6 20 3 0 29
4 Mnazi moja 16 14 30 4 19 6 1 30
5 Chimbile A 20 25 45 10 30 3 2 45
6 Chiheko 19 12 31 7 20 4 0 31

Percentages 62.6% |37.4% | 187 | 21.9% | 65.2% 10.2% 2.7% 187

Source: Mhagama, 2014.

Information on educational status was collected from individual agricultural households.
The results show that the majority of the respondents interviewed had some basic
primary education (63.1%) and followed by adult education (21.4%) and about 11.2%
has no formal education while (4.1%) had secondary education. Though majority of
respondent has primary education in each village studied, Chimbile A Village seemed
to have large number of farmers with primary and adult education followed by

Mpapura Village compared to other villages (figure 4.5).
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Figure 4.5: Education of respondents in the study area. Source: Mhagama, 2014.

Poverty and Human Development Report, 2005, shows that Mtwara region has higher

adult literacy rate due to low secondary enrolment ratio (smaller number of public

secondary school as well private school). In terms of occupation, majority of the

respondents are subsistence farmers and mixed farming. Though majority of the

farmers had primary education, analysis shows that there is a close relationship

between level of education and occupation status in the study area (figure 4.6). Mixed

farming (subsistence farming and livestock keeping) seems irrelevant in the study

area, however smaller numbers of livestock’s (goat, sheep and cattle) and poultry

have been observed in the field and around household compound respectively.
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Figure 4.6: Occupation and level of education of respondent in the study area.

Source: Mhagama, 2014.
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CHAPTER 5: THE STATE OF LOCAL CLIMATE AND CLIMATE CHANGE
IMPACT IN THE STUDY AREA

5.0 Introduction

This chapter provides overview information on the local state of the climate and
climate change impacts in the Ruvuma River and Southern Coast Basin. The chapter
describes key important climate variables that affect dry land irrigation and thus
making it vulnerable to climate change impacts. The chapter describes in-depth the
local state of climate, temperature and rainfall characteristics in the study area. The
temperature and rainfall variability as well as intensity and duration are well
elaborated here. The chapter describes further how these variables affect dry land

irrigation farming schemes and thus making it vulnerable to climate change impacts.

Finaly, in this chapter, water resources availability and characteristics in the study
area are described as well as water resource demand and how these two terms affects
dry land irrigation farming schemes in the study area. Narratives from key interviews
cement and fortify the information collected from the field. The urgent concern on
land-use and land use changes in the study area was also described here as this affects
climate change impact by reducing vegetation cover and increased soil erosion due to
land degradation and thus affects dry land irrigation farming indirectly by reducing
water retention capacity and decrease volumes of water in various reservoirs.
Although, most of the information comes from Tanzania Meteorological Weather
Station in Mtwara as well as reports from Ministry of Water and Regional Profile
reports; field observation as well as data from interviews conformed to the data and

information adhered below.

5.1 State of Local Climate in the Study Area.

The Tanzania’s geographical position, physical geological features and the like create
various climatic patterns and conditions: tropical to temperate and alpine deserts
(Shemsanga et al. 2010; URT, 2013b). According to Shemsanga et al. 2010; because
of its geographic position and geological features, the country has interesting climate
patterns. These climatic patterns are influenced by several factors including the Inter-

Tropical Convergence Zone (ITCZ), the El Nifio Southern Oscillation (ENSO), La
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Nina, altitude and distance from the ocean (Kijazi and Reason, 2005). Generally,
across the country, temperature and precipitation vary between (20°C to 32°C and
600mm to 1800mm) respectively (URT, 2013b). The mean duration of the dry season
is between 5 to 6 months. In Tanzania altitude is an important factor in rainfall
patterns; higher elevations usually receive more precipitation than lower ones (Yanda
and Mubaya, 2011). However, coastal areas have relative different experience due to
their proximity to the influence of Indian Ocean as they receive frequent showers.
Paavola, 2003; explain that the variations in rainfall in the country are strongly related
to the sea surface temperature variations (SST) in the Indian and the Atlantic Oceans
which may sometimes alter standard oscillation outcomes. Moreover, the climate of
Tanzania is also greatly influenced by E! Nifio and La Nina both of which have

serious climatic problems such as floods and drought (Kijazi and Reason, 2005).

Generally, the climate in the study area features tropical climate; a hot and humid
rainy season which starts from November/December — April/May and a cooler less
humid dry season June — October. The average temperature is 24.3° C during the
month of June/July (coolest period) and 27.5° C in December (hottest month). Most of
the rainfall and temperature data were collected from Naliendele Agricultural
Research Station and TMA, Mtwara sub office located at Mtwara Aiport. The mean
maximum temperature is 30.5° C and mean minimum temperature is 21.7° C (NARI
Research Station). Relative humidity varies between 87% in March and 79% in
October. The mean annual rainfall ranges from 800 mm in inland and central areas to
1,200 mm 1n the hills and plateaus near the Coast. The rainfall pattern is unimodal but
often has seasonal interruptions. This is due to common occurrence of short period of
frequency dry spells during the end of January and early February. The rain days
varies from 40-90 per annum (Kijazi and Reason, 2005). The area is influenced by
dominant North — East winds during the wet season (November to May) and South-
East Winds during humid long dry season from June to October while the north-east
monsoon wind blows from December to March bringing the hot weather, whilst the
southeast monsoon winds blow from March to September bringing intermittent rains
(Shemsanga et al. 2010). The land proximity to coastal low lying area experience
maritime effects of Indian Ocean where the winds are moderate to strong with varying

temperatures and sometimes with few showers (Kijazi and Reason, 2005).
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5.1.1 Temperature Characteristics in the Study Area.

Generally, agricultural crop performance in majority of Sub-Saharan countries is
affected by intensity of solar radiation, daily temperature range and their interaction
(IPCC, 2007; Deressa, 2008). As the temperature mostly regulate growth and
flowering mechanism in plants; any increase in temperature can results in reducing
the total deviation of the crops by inducing early flowering and shortening the grain
fill period. As the crop maturity duration gets shorter or become interrupted by
temperature variables; the final yield per unit area becomes lower than the normal.
For example, reduced crop yield can be caused by increase in higher temperatures;
which cause a greater stress due to increasing evapotranspiration as well as
evaporation from the soil. Any rise in temperature on the earth, will make agriculture
production more vulnerable in low and mid latitudes as a result of decreasing
agricultural production. However, in higher latitudes where crop duration is limited
by low temperature, the crop duration could increase resulting in improved
productivity. Thus, as the dry land irrigation farming (agricultural production) lies
along the coastal low land areas in low latitudes; any slight changes in temperature
variables can cause the dry land irrigation farming schemes to be exposed and
susceptible to these changes and hence more vulnerable. The description of
temperature characteristics described hereunder fortifies the aforementioned changes

and their effects on dry land irrigation farming schemes in the study area.

Generally, the average temperature in the study area is 24.3° C during the month of
June/July (coolest period) and 27.5° C in December (hottest month). The mean
maximum temperature is 27.8° C and the mean minimum temperature is 21.7° C
(NARI Research Station). The driest month is August with precipitation less than 10
mm. The lowest average temperatures in the year occur in July, when temperature is
around 20.5 °C. The minimum variation in temperatures throughout the year is 3.2 °C.
Throughout the month of October daytime temperatures will generally reach highs of
around 31.9°C. At night the average minimum temperature drops down to around
20.7°C. In recent times the highest recorded temperature in December has been
23.8°C with the average recorded temperature of 16°C (figure 5.1). In few cases,

temperature readings go as high as 37.8°C.
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Figure 5.1: Average high/low temperature data for Mtwara. Source: TMA, 2015

Data from Climate Portal shows that the average annual temperature in the country
has increased by 1.0°C since 1960 (See figure 5.2). OECD, 2003 indicates that the
patterns of seasonal temperature increase are consistent specifically, greater warming
is projected for the cooler months (July — September) compared to the warmer months
(December-February). The IPCC, 2014 indicate that mean annual temperatures in the
country is projected to rise by 2.2 C by 2100, with increases over June, July and
August, and lower values (1.9°C) for December, January, February. The Initial
National Communication of Tanzania (2003) projects a temperature increase between
3 — 5°C under doubling of carbon dioxide, which is benchmarked to the year 2075.
The increase in night temperatures has been much more pronounced than daytime

temperatures.
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Figure 5.2: Variation and distribution of temperature since 1930 — 2012. Source:
Climate Portal Data, 2015.
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The spatial distribution and variation of temperature during the dry season is higher
affecting the dry land irrigation farming extensively making it more vulnerable due to
reduction water (surface water sources) and soil moisture (excessive evaporation) as
well as crop wilting. In some cases it affects the planting season as farmers has to
change the cropping pattern (early planting/mulching/planting along the water
sources) and variety of crops (high resistance crops) to withstand dry condition
though not necessarily high profitable crops. The National Climate Change Strategy
of 2012 outlines findings from the Tanzania Meteorological Agency that some of the
previous highly productive areas of Tanzania such as the Southern and Coastal low
land area will continue to be affected by declining rainfall, frequent droughts and

significant increase in spatial and temporal variability of rainfall.

In general, the results on the state of the local climate presented in this section shows
that the long-term temperature variation is increasing with increasing instesity during
the month of July — November which are the most prefered irrigation farming season.
Though the data were taken only in Mtwara Meteorological Weather Station, but
other country data indicates that temperature trends is on the rise, (TMA, 2015).
Similar findings were documented in other studies conducted in the country and
across the African continent (Paavola, 2004; URT, 2007; Deressa et al. 2008;
Gbetibouo and Ringler, 2009; Shemsanga et a/, 2010; Kangalawe and Lyimo, 2013;
IPCC, 2014; Midega et al. 2015; Kihupi et al. 2015). The most important outcome of
these data is that temperature readings from TMA and information from various
literature sources confirmed the increasing temperature as well as their effects in
agricultural production. The continuous increase in temperature and its high intensity
during dry season makes dry land irrigation farming more vulnerable and this affects
irrigation farming practices in the study area. Another climate variable that affects

irrigation farming is rainfall characteristics in the study area.

5.1.2 Rainfall Characteristics in the Study Area.

Any reduction in water availability below a threshold; reduces productivity of almost
all crops particularly water dependent crops (Deressa et al. 2008). In order to

complete life cycle efficiently and effectively; crops need sufficient amount of water
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(rainfall) on timely basis. Therefore; a decrease in rainfalls amount can cause reduced
water availability in any reservoirs which in turn cause severe damage on crops due to
disturbance in critical water demand of crops needed during farming season. Even any
slight amount of rainfall pouring down during dry season before harvesting period can
spoil standing crops either physical damage, making seeds to germinate, and/or
proliferating crop diseases and pests. Although, heavy storms may also sometimes
cause crop losses by destroying crops and cause soil erosion; majority of water related
issues in the study area is frequent dry spell and reduced water availability in various
water sources (rivers and reservoirs) due to prolonged dry condition during the dry
season where dry irrigation farming occurs. Therefore, the frequent occurrence of
unpredictable dry spells and short period of rainfalls has caused a major concern for
many poor farmers in the study area. Most of rainfall data obtained in the study area

were provided by Meteorological Agency based in Mtwara.

According to TMA (2015), the rainfall in the study area follows a unimodal type of
rainfall (starting from November/December — April/May). The hot and humid rainy
season starts from November/December — April/May and a cooler less humid dry
season June — October. Generally, the Tanzania’s mean annual rainfall ranges from
800 mm in inland and central areas to 1,200 mm in the hills and plateaus near the
Coast. In the study area, the greatest amount of precipitation occurs in January, with
an average of 189 mm while the lowest recoded rainfall is July with less than 10mm
of rainfall. As the number of rain days varies from 40-90 per annum so do the

precipitation varies between the driest month and the wettest month (see figure 5.3).
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Figure 5.3: Average rainfall (mm) data for Mtwara, 2000 — 2012. Source: TMA, 2015
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Although, the rainfall in the study area follows a unimodal pattern, seasonal
interruptions have been often observed. This is due to common occurrence of
frequency dry spells during the end of January and early February. The seasonal rains
follows normal to below normal however, pockets of normal to above normal rains
have been observed in eastern parts of Lindi and Mtwara regions (TMA, 2015).
According to TMA/Climate Portal, decreases in observed rainfall have been
significant with observations showing annual rainfall have been decreasing by 2.8mm
per month per decade since 1960. The greatest annual decrease has occurred in the

central and southern-most parts of Tanzania (See figure 5.4).
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Figure 347 Variation and distribution of rainfall, 1930 — 2012 Source: Climate
Portal Data, 2015.

Other studies indicate similar results and trends on rainfall and temperature variability
in Tanzania and particular southern coastal area (Kijazi and Reason, 2005; Rowhani
et al. 2010). For example, Cioffi et al. (2014) used a Non-Homogeneous hidden
Markov Model (NHMM) to predict future rain-fall patterns in Tanzania under a
global warming scenario, using predictors from the CMCC-CMS simulations from
1950-2100. The future downscaled simulation model (NHMM), indicate that,
Tanzania may be subjected to a reduction of total annual rainfall with reduction
concentrating in the wet seasons (OND), mainly as a consequence of decreasing of
seasonal number of wet days. These changes are contributed by seasonal anomalies
brought about by spatial variation in temperature and rainfalls over the Indian Ocean
and Easterly Winds. Generally, the future changes and reduction in rainfall (pattern,

quantity/availability and rain days) have consequences for agricultural production
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particularly dry land irrigation farming schemes due to less water available during dry

season as a result of decreased rainfall.

These climatic patterns around the study area are influenced by several factors
including the Inter-Tropical Convergence Zone (ITCZ), the EI/ Nirio Southern
Oscillation (ENSO), La Nina, altitude and distance from the ocean (Shemsanga et al.
2010). In both villages studied the spatial rainfall anomalies and temporal variability
within the wet season itself can be prominent and lead to significant deficiencies. In
general the circulation models described above (modelling simulation of
precipitation) are not satisfactory. Therefore based on the information analysed from
Cioffi et al. (2014) and Shemsanga et al. (2010); it’s clear that any reduction in
precipitation will not only influence rainfed crops but also cause shortage of water for
irrigation particularly along the coastal low land area due to low amount of rainfall
received during wet seasons (OND). In this respect coupled with land degradation and
increased human activities (water abstraction/diversion); the surface run-offs and
water collection in various water bodies could differ and vary significantly along the
Ruvuma Basin. Field observation in the study areas shows that rainfall deficiencies
has been a limiting factor in dry land farming (water availability) and result in loss of
crop and reduction in yield. In some cases too much rainfall can delay the planting
season during dry season as most of the valleys are flooded. According to Mhita, 1984
in some areas of Tanzania, agriculture is limited by the length of the rain season while

in others it is amount limited.

The temperature and rainfalls are essential climate variables that affect crop
production particularly moisture (water) availability during the dry season. Any
decrease in amount of rainfall during wet season affects water availability for
irrigation farmers during dry season while any increase in temperature increases water
evaporation which in turn affects water and moisture availability as well. The
decrease in rainfalls and increase in temperature adversely affects crop production for
dry land irrigation farmers during the dry season as both variables affects water and
moisture availability for the crops as well as affects crop performance during the
entire dry season farming. The increasing temperature readings and decreasing
rainfall data depicted by Tanzania Meteorological Station (see figure 5.2 and 5.4

above) have implications for low water availability during the dry season which
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affects the length of the growing season and consequently crop yield. These changes
also affects many traditional seasonal crops varieties that are not able to complete

their fully growing cycle as they take longer duration and high water uptake.

5.1.3 Water Resources Availability and Characteristics in the Study Area.

The study area is close to the Indian ocean which is strongly influenced by maritime
weather particularly high temperature, warm moisture and strong wind. These factors
affect irrigation farming with regards to moisture loss due to excessive evaporation
and extreme temperature coupled with strong winds. The Indian ocean also has strong
influence on rainfall availability during rainy season where the area receive above
normal pockets (TMA, 2015). Although, heavy rainfalls in the study area leads to soil
erosion as well as floods; it also creates pools of water in various wetlands and water
bodies such as ponds and rivers which are beneficial to farmers during dry season
farming. Apart from influence of Indian ocean, the study area is within the Ruvuma
River Basin which is a shared river basin between three country namely Tanzania,
Malawi and Mozambique. On the Tanzanian side; Ruvuma River Basin (mostly
reffered as Ruvuma River and Southern Coast Basin) is one of the major nine
drainage water basin in Tanzania. The basin comprised of the Ruvuma river and 22
other rivers between the Ruvuma and the Rufiji rivers, which drain into the Indian
Ocean directly. The Ruvuma River has a length of 800km and the Ruvuma basin has
an estimated area of 152,200km? (URT, 2006). The annual precipitation averages
1,160mm and varies from 500mm to 2,000mm in the highlands (URT, 2005).
According to Ruvuma Basin Authority; the mean annual run-offs in Ruvuma Basin is
estimated around 15,000mm>*" with a river annual flow approximating at about

28km?, of which the contribution of Tanzania is estimated at 10km?.

There are different water resources existing in the study area including rivers,
wetlands, natural and artificial reservoirs, groundwater aquifers, and many other water
bodies. Major wetlands in the study area include Chidya, Kitere, Milola while natural
springs are found in Ndanda, Mbwinji, and Mnazimmoja. In this basin, main
independent river systems that drain water into the Indian Ocean (figure 5.6) includes;
River Ruvuma, River Matandu, River Mavuji, River Mbwemkuru, River Lukuledi,

Rivers Mambi and Mbuo (URT, 2003Db).
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Figure 5.6: Main independent rivers in Ruvuma River and Southern Coast Basin.

Source: MoW, 2015.

The study area is found along the coastal low land area with several swamps, ponds
and flood plains which floods during heavy rainfalls. This is due to the nature of
landscapes and topographical features present in the study area (see figure 5.6 above).
Mtwara and Lindi regions have an extensive land cover (84,700km?); however, the
area covered by water represents less than 1% of the total area, most of it being along
Ruvuma river and southern coastal waters (URT, 2003b). Majority of the dry land
irrigation farmers depends on surface water for irrigating crops during dry season;
thus water and moisture availability is very important throughout dry season farming.
Though there are several water sources as described above; water abstraction, poor
land use, deforestation and land degradation coupled with climate change impacts
cause serious consequences for basin’s available water resources particularly surface
water. Rainfall as low as 200mm have been recorded at Mtwara and Lindi (TMA,

2015) which have implications on water availability in dry season.

The SPATSIM (Spatial and Time Series Information Modelling) for water resources
assessment (1981 — 2010) shows that the mean annual runoff decreases from about
300-350 mm/year in the western part of the Ruvuma Basin in Tanzania to values as
low as 30-40 mm/year for some of the Southern Coast Basins (MoW, 2009). The
SPATSIM Modelling results suggest that apart from the future climate change
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projections in Tanzania; climate in the study area is getting wetter during the wet
seasons (intensification of seasonal rainfall) and drier during dry season (increased
warmer temperatures across all seasons). The result from SPATSIM Model (MoW,
2009) combined with IPCC (2014) projections and Markov Model -NHMM (Cioffi et
al. 2014) translate into an increase in Potential Evapotranspiration which is expected
to increase in the range of 2% to 5% in the 2020°s and 2030’s. Severe rainfall
variability and recurrent dry spells (describe in section 5.1.1 and 5.1.2 above) each
year in the study area; triggers a decrease in water flows in rivers, hence shrinkage of
water (volumes) in water receiving bodies (figure 5.7) as well as changes in perennial
rivers to season rivers and increased drying of water in wetlands and ponds which
have consequences for dry season farming due to continuous decreased moisture

availability for crops.

Figure 5.7: Mkwaya River (wet season and dry season). Source: Mhagama, 2014.

The flow regimes of the rivers in the basin follow closely the rainfall pattern and
temperature variability. Many river channels are dry during the dry season farming
hence making dry land irrigation farming more difficulty as dry land irrigation
farmers cultivate crops in narrow strips near river channels or along river flows. This
affects dry land irrigation farming schemes particularly at the end of farming season
as farmers reduces crop field’s size by cultivating along the river banks or towards the
river valleys sourcing water availability. This in turn affects crop performance and
production resulting in low yield thus makes farming more vulnerable and less
adapting to the existing situation. Apart from climate variability and land use changes;
there other different characteristics of water (such as pH, mineral concentration) also
affects water quality and significantly impacting dry land irrigation farming schemes

by making water resources unsuitable for irrigation purposes. For example Sechu,
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(1986); recorded higher content of organic matter and variation in pH values (6.5 to
8.4) along the different water sources (e.g Kitere and Chidya wetlands) in the study
areas which in turn affects water quality required by different crops (water uptakes).
As water becomes slightly acidic during dry season; some crops are affected due to

pH requirement as well as mineral uptakes by plants.

On top of variability in pH and mineral concentration in water sources in the study
area; high organic matter content particularly during rainy season (as a result of soil
erosion in the uplands) causes increased water siltation and reducing the capacity of
different water reservoirs to store enough volumes. Although different water
resources in the study areas are overwhelmed by an unprecedented combination of
climate change impacts, and poor land-use changes, acidity and salinity as well as
siltation and over-utilization of water resources; these changes and impacts affects dry
land irrigation farmers differently depending on their socio-economic status.
Generally; elderly people, women and people with disabilities are the most affected
compared to the rest of the groups in the society due to their vulnerability (exposure

and lack of social safety nets such as access to information, entitlements).

The study area is characterised by four main hydrogeological zones; coastal, plateau,
basement and karoo. The groundwater availability and quality across the Ruvuma
River and Southern Coast Basin is highly dependent upon the geology types. The
Groundwater Potential in the study area is high in the upper and lower Ruvuma River
while medium and low across Southern Coast Basin. Although the mean annual
ground water recharge in the study area is higher as well as sustainable ground water
availability in the catchment area; potential ground water extraction for irrigation
purposes is very low thus making the dry land irrigation farming dependent only on
surface water for irrigating crops. According to MoW (2009); a major issue of
concern regarding groundwater quality in the study area is the potential for saline
water intrusion along the coast at Mtwara and Lindi region. In the future; this scenario
will makes ground water unsuitable for irrigation farming and if used may
contaminate the agricultural land (salinity) hence rendering irrigation farming more

vulnerable.
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5.1.4 Water Demand in the Study Area

According to National Population and Household Census Report (2012); the
population in study area is unevenly distributed and most of the population in the
regions (Mtwara and Lindi) live in rural areas with approximately 15% living in urban
areas. The large segment of population living in the rural areas depends on
agricultural production (rainfed agriculture). They also supplement food security and
earn income through irrigation farming during dry season. The main economic
activities demanding high amount of water in the study area are agricultural
production (wet season), irrigation farming (dry season) and domestic water
consumption as well as ecological water requirement. The low water demand in the
study area due to fewer competing end users in water resources indicates less focus on
water resources development and management in most rural areas. However, with
increasing population growth and available fodders for livestock’s, soon the quest for
integrated water resources management will be the main focus. Water demand in the
study area has been determined by various sectors such as rural water sanitation and
supply, rainfed agriculture, irrigation, forest, wildlife and other non-consumptive uses

such as navigation.

According to Mow (2009); environmental flow demand is by far the largest demand
currently standing at 4,800 Mm® per annum in the Ruvuma River and Southern Coast
Basin Waters — RSCB (96% of total demand); however other sectors utilizing water
includes rural and urban water supply and irrigation. Although irrigation demand at
141.6 Mm?® per annum is very low in the study area (3% of total demand) but it is
expected to increase to 254.3 Mm?, 568.2 Mm® and 1,056.1 Mm? in the years 2015,
2025 and 2035 respectively (URT, 2003b; MoW, 2009). By 2035 it will account for
17.6% of total demand (MoW, 2009). This demand puts pressure on the already
existing water scarcity problem in the study area. With climate change impacts
projections and increased human activities, urbanization and population growth; these
figures underlie the need for sound water resource management to avoid conflict with
environment flow requirements during drought periods as well as ensuring the
sustainability of dry land irrigation farming schemes. This can be done by increasing
the efficiency of water use in irrigation farming and improving water harvesting

systems for dry land irrigation farmers. The prevailing system of uncoordinated water
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resources management in the basin cannot sustain the ever-increasing water needs for
irrigation farming and other various expanding sectors along the Mtwara Corridor
Development Project as well as industrial development and urbanization in Mtwara

and Lindi Urban.

5.1.5 Vegetation and Land Use — Changes in the Study Area

The study area is characterised by hills in the western part and undulating landscapes
and valleys in the eastern and the South Coast Basins. The dominant features in the
South-Eastern part of the Ruvuma River and Southern Coast Basin are the Makonde
and Rondo Plateaux which provide spring flows to some of the nearby rivers. The
Lukuledi Valley runs between these two plateaux and joins the coast between Mtwara
and Lindi. The Basin is dominated by the Eastern Miombo Woodlands eco-region
whereas the coastal zone is characterised by coastal vegetation types such as
mangrove swamps at the estuary of the Ruvuma River and coastal forests along the
coast (MoW, 2009). The forests in the study areas provide vital water supplies
(especially Mkunya River and Makonde Plateau) and protection from floods and
landslides particularly low land coastal areas in Mtwara and Lindi (e.g. Mpapura and

Mahunga valleys in Mtwara and Mkwaya and Milola valleys in Lindi).

The Ruvuma River and Southern Coast Basin comprises a biosphere reserve (Selous
Game Reserve), Estuaries (Ruvuma) and a significant livestock activities as well as
very fertile land for agricultural production and irrigation farming. The geology
around the basin is based primarily on sedimentary deposits from the Jurassic and
Lower Cretaceous (URT, 2006; MoW, 2009). The coastal sedimentary formation
produces deep, well drained, sandy soils of low fertility and low moisture holding
capacity such as soils of eastern basin and some few low lying areas which give rise
to heavy muddy black clay soils (western basin) while other high elevated hills gives
a mixture of poorly drained lime/gravel/soil to red, well drained and heavy textured
soils (coastal basin). The nature of landscapes in the basin makes land use change
highly sensitive to erosion and degradation. Land-use change in the study area is one
of the main drivers of environmental change as it influences the basic resources of

land, including increase rate of deforestation and loss of soil fertility and vegetation.
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Deforestation resulting from poor land-use and land-use changes leads to reduction in
vegetation cover which would have act as carbon abatement (potentials for carbon
sequestration) and thereby mitigating the impacts of climate change. Similar findings
were reported by national reports on Climate Change Impacts and Adaptation
Programme (NAPA, 2007) which indicated the impact of poor land use and land use
changes in Tanzania and its effects to the increasing share of CO; in the atmosphere
which is a major threat to climate change. Kumar and Nair (2011) concludes that
sustainable land use systems has increasingly receiving attention worldwide due to its
great role in stabilizing the CO» levels and increasing the carbon (C) sink potentials.
According to IPCC (2014); the discussions on climate change are also heavily
oriented towards an agenda on mitigating the rising atmospheric CO> levels through C
sequestration in terrestrial vegetation systems. Furthermore, vegetation cover
enhances evapotranspiration which creates micro-climate and thereby influencing the

state of local climate on a particular area.

The land use along the basin is changing very fast due to increased human activities,
urbanization and industrial development. While some areas in the basin (Western
part) are undergoing expansion of cultivation and grazing (in the southern coast
basin); other areas in the basin undergo agricultural intensification. For example field
observation in the selected villages along the study area (Mbuo, Mpapura, Mkwaya,
Mnazi Moja, Chiheko and Chimbile Villages); shows that same portion of land have
been used twice per year (i.e rice farming during wet season and irrigation farming-
vegetables during dry season). Majority of the farmers in the study area practice poor
land management such as shifting cultivation and deforestation (charcoal and timber
production) which degrade vast amounts of land, reduce vegetation cover and ability

of soil to provide enough nutrients for food production.

In general, poor land use management in the study area and land use changes makes
the soil loose and prone to soil erosion which fills water bodies (ponds, rivers, flood
plains and reservoirs). The eroded soil/organic matter in turn fills the wetlands/ponds
and thereby reducing volumes of water in these waterbodies along the basin. As a
result less and less water is available during dry season making a major threat to the

dry land irrigation farming for farmers who depending on these water reservoirs in the
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study area for irrigating their crops. Agricultural intensification coupled with poor
land use management and competition from other water users (livestock feeding) as
well as climate change impacts present a large future problem for the dry land
irrigation farming schemes which depends entirely on large quantity of water during
the dry season particularly for high water demanding crops such as vegetables and

fruits (green vegetables, tomatoes).

5.2 Information from Interviews and FGD’s Discussion.

During the field work data collection; interviewees were asked to explain the state of
local climate in the district and particularly in their villages. Information from some of
the key interviewees in the study area revealed complex and diverse changes in the
local state of climate in the study area. These changes which affect agricultural
production and particularly dry land irrigation farming schemes are associated with
livelihood activities, land use changes and climate change impacts over time. Typical
examples mentioned included increased temperature; severe rainfall variability
coupled with unpredictable rainfall pattern as well as strong winds and reduced water
availability in various water sources during the dry season. Participants from
Chimbile A and Chiheko villages confirmed that there has been an increase in
temperature recently in such a way that during dry season farming, they have to water
their crops twice per day and cover some of the crops (apply mulching) to reduce
water uptakes. During Focus Group Discussions (FGD’s); one respondent expressed
great concern over changes in the climate particularly increased temperature during
the dry season. He mentioned that:-
“This practise was not common in the past, about 20 years ago..... we were not used
to cover our crops with grasses to reduce impacts of water loss through high
evaporation but nowadays we must do....Otherwise you get nothing.”. (KI,13;

Member of village water committee, Chimbile A Village).

Similar cases were mentioned during interviews with village leader, Chiheko village
where he mentioned the use of mulching to cover their crops in order to reduce
evapotranspiration. The concern was not only on increasing temperature but also the
impact it has on certain crops even those that can withstand harsh condition such as

dry condition and high temperature. He further mentioned that:-
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“We used to plant Okra’s and they were flourishing without any difficulties and
required less water, however nowadays without mulching and watering twice per day;
Okra’s do not flourish and produce well as they used to...This is contributed by

increase in high temperature around August - November”, (Village leader, Chiheko).

In Mpapura and Mkwaya Village; interviewees mentioned that rainfall has changed so
much for the past 25 years in such a way that nowadays the dry season farming start
as early as June and sometimes mid-May each year instead of early July. In some
cases for example, other interviewees and participants in the FDG’s showed high state
of concerns over temperature variations where they stated that the temperature has
been increasing and indicators shows that it will continue to rise. Argument from
Ward Executive Officer fortifies the discussion. He said that:-

“There has been changes in the temperature for a very long time now (...increased

temperature both during rain and dry season) whereby during my childhoods, the

month of July — August was not very hot as it is nowadays. We have to plant crops
that withstand high temperature and resist dry condition, though some of these crops

sometimes are not preferred by customers (Ward Executive Officer, Mpapura).

In few cases, dry land irrigation farmers have indicated an increase in rainfalls,
associating wet season with heavy rainfalls and frequent floods while majority of the
interviewee’s response’s associate these changes with E/ Nijio Southern Oscillation
(ENSO) which occur after 10 years circle. National reports on Climate Change
Impacts and Adaptation Programme (NAPA, 2007) indicated that along the Southern
Coastal areas, some of the years, the amounts recorded were optimum while in some
places the distribution within that year concentrated within few weeks to one month
creating a heavy downpour within a shorter period. This however, creates a problem
since apart from affecting farming activities; it destroys crops and damage properties
and infrastructures. Several hectares of rice and maize farms were swept away in
Mkwaya, Mpapura and Chimbile villages while some bridges connecting remote

areas of the village and town were damaged beyond repair.

The concentration of rainfall had mixed effects on wet season farming as well as
irrigation farming during dry season. For example, the concentration of heavy rainfall

in one week/month may leave other months without rainfall and thereby creating
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shortage of water due to early commencement of dry season and thereby affecting dry
land irrigation farmers and their farming activities due to less water available. This
was similar to the various studies conducted about effect of climate variability
(rainfall pattern) on agricultural production in other parts of the country and Africa in
general (Deressa et al. 2008; Gbetibouo and Ringler, 2009; Shemsanga et al. 2010).
Cioffi et al. (2014) had similar findings when predicted future rain-fall patterns in
Tanzania under a global warming scenario from 1950-2100. The findings shows a
reduction of total annual rainfall with reduction concentrating in the wet seasons
(OND), which means less water available for dry season farming. During discussion
with key informants, similar concern also becomes apparent on consequence of
decreasing rainfall and number of rain days. In the following quote, one of the
respondents (Village Leader, Mpapura) explained further that:-

“During my youth, we had enough water during dry season to raise vegetables and
fruits crops and expect them to mature without experiencing any shortage of water.
This is because the rainfall was predictable, it rained regularly and the amount was
enough.... In those days normally rainfall lasted longer enough to fill our ponds and

dams with enough water that would last thought out the dry season farming”.

Authorities from Ruvuma Water Basin Board (RSCB) describe the state of local
climate as changing and becoming drier and drier each day. They explained that water
levels along the Ruvuma River Basin are decreasing below thresholds which affects
dry season farming schemes along the basin. According to their opinions, the
conditions has been triggered by climate change impacts-decreasing in rainfall
amount and number of rain-days as well as unpredictable rainfalls coupled with
frequent dry spells. The Water Basin Manager (RSCB) mentioned that:-

“In the past, water levels in many reservoirs were normal and rivers, streams or
ponds along the basin used to floods in each rain season due to regular and
predictable rainfalls in terms of amount and number of raindays per year ..... In few
cases, we had some fluctuations in terms of amount but not very much and rarely dry

season farmers would experience water shortage for their agricultural activities.

The changes in the rainfalls in the study area have been noted throughout the season
with regards to distribution, amount and pattern. During discussion with water basin

manager, he describe further that currently rainfall is unpredictable in terms of
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amount and onset which affects water availability during dry season. One of the
trainees (an intern) at the Ruvuma Basin Office narrated that although climate is
changing, local community are the one influencing the changes much more compared
to natural processes. She added that poor farming methods (such as shifting
cultivation, slash and burn) and demand for energy (charcoal production) leave the
land bare of vegetation and prone to soil erosion (sand, mud and debris) which fills
dams and ponds and thereby reducing the size of these reservoirs to hold more

volumes compared to their capacity.

The state of state of local climate in the study area has changed over time compared to
the past 20 years and these changes that have been identified by interviewees having
negative impacts particularly on dry land irrigation farming schemes. These changes
makes dry season farmers vulnerable to climate change impacts due to shortage of
water, affecting cropping pattern, crop performances and productivity as well as time
and cost incurred to tend the crops. According to the interviewees these changes has
been characterized by changes in the rainfall pattern and temperature fluxes.
Information from Tanzania Meteorological Agency (TMA), Mtwara Zone conforms
and fortifies the data collected from interviewees and focus group discussions.
According to Meteorogist (TMA, Mtwara Zone); he described that:-

“The climate in Southern and Coastal Zone has changed since 1980°s (about 36
vears) in terms of rainfalls variability (amount, distribution, pattern and number of
rain days) as well as temperature variations (increase in intensity of sunlight,
frequent period of dry spells). The increase in temperatures (e.g. in 2012-2013 there
has been higher readings recorded ever) occurs during dry season and particularly
onset of heavy rainfalls in the month of November and December ... These changes
have been brought about by changes in climate-global warming and natural
processes such as tropical cyclones and El Nifio Southern Oscillation (ENSO)
creating low pressure belt which brings heavy rainfall along the coast of East Africa
but also an increase in human activities particularly removal of vegetation’s and land
degradation have contributed to the magnitudes of the impacts (increasing
temperature due to higher surface albedo) affecting farmers particularly dry land

irrigation farmers who have less adaptation mechanisms”.
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In the data analysis; although majority of the farmers admitted that rainfalls (pattern,
amount, intensity and frequency) during the rainy season have increased; data from
TMA shows that rainfall changes have been erratic and unpredictable causing changes
in farming season. In case of rainfalls, the increase indicated by farmers has been
attributed by short frequent heavy downpour of rainfall which rain for a very short
period of time where majority of the farmer’s perception has been influenced by these
extreme events concentrated in one week to one month as well as ENSO (E! Nino).
This is also in line with 2013 and 2015 early warning reports from TMA on
occurrence heavy rainfall characterized by strong winds and heavy floods. With
regards to temperature variations, other farmers have associated changes in state of
local climate as attributed by the temperature flux (amount of sunshine and heat
intensity) that has been increasing over the past 20 years where water level drops
quickly before the end of dry season. Farmer’s perceptions on temperatures and
rainfalls variability in the study area over the past 20 years; are in line with the
information collected from TMA, Mtwara and national and regional reports on

climate change impacts in Tanzania.

Despite the manifestation of the effects of different stressors on dry land irrigation
farming schemes, the farming activities during the dry season have continued to be
pursued with some adaptation mechanisms such as early planting season, changing
cropping pattern and planting varieties of crops that requires less water and withstand
dry conditions. In three cases, discussions with FGD’s participants from Mkwaya,
Chimbile and Chiheko villages who depends on rivers and underground reservoirs (as
their main source of water), mentioned that they are not in danger as they have never
experience high shortage of water. The main argument raised by these farmers were
that rivers Mkwaya and Mnazi Moja are perennial (never dries out completely, only
decrease in amount towards the end of dry season) and underground reservoirs in
Chimbile and Chiheko Village always have enough storage to cater the whole dry
season farming. One participant during discussion at Chimbile village mentioned that
the only thing they have to worry is increasing temperature; which forces them to
change the cropping pattern and type of crops so as to encounter the effects of
increased temperature and reduce evapotranspiration. Generally, qualitative data
conformed to the data collected through questionnaire in most of what farmers

perceived about the state of local climate and this implies that the state of local
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climate has changed over time and will continue to change. The general trend of
temperatures readings from TMA in the study area indicates an increasing trend while
for rainfalls, data indicates there has been decreasing trends with increasing number
of frequent dry spells and reduced number of rain days. Data from TMA also conform
to the perceptions of dry land irrigation farmers, experts and village leaders whereby
interviewers indicated that there is a decreasing rainfall and increased temperature

incidents during past 25 years.

5.3 Summary.

This chapter has highlighted the state of local climate in the study area. The main
focus was on two key climatic variables (temperature variation and precipitation
pattern) and how these variables have adverse effects on dry land irrigation farming
schemes. Other variables such as wind movement and moisture were also presented
and its effects on irrigation farming described in details. With the help of
meteorological data from Tanzania Meteorological Agency, Mtwara Sub-Office and
climate portal data; the chapter presented the frequency, duration and intensity of the
two climatic variables. Temperature and rainfall data from Climate Portal since 1930
were presented. Different temperature and rainfall characteristics and their changes
resulting from seasonal anomalies were presented and how these changes are
influenced by spatial variation in temperature and rainfalls over the Indian Ocean and
Easterly Winds in the study area. The identified changes in state of local climate in
the study area includes increasing temperature as well as decreasing rainfalls in terms
of amount, distribution and number of rain days per year were noted in the data
analysis. Responses from the farmer’s perception on changes in rainfalls pattern and
temperature variability also conformed to the analysed data from Tanzania

Meteorological Agency, Mtwara Zone.

The chapter shows how the changes in climatic variability affects crop production
particularly moisture (water) availability, crop wilting, weed infestation and pest
outbreak during the dry season and how this in turn affects crop productivity and crop
yield and thereby compromising dry land irrigation farming schemes practices in the
study area. The chapter pointed out other factors influencing the state of local climate

in the study area such as its close proximity to the Indian ocean and availability of
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water resources from Ruvuma River and Southern Coast Basin as well vegetation and
land use changes and their influence on local climate. It describes how the increase in
extreme temperature affects moisture availability in various water sources through
excessive evaporation. Most of the information described here includes documentary

reviews and primary data as well as field observations and qualitative data.

Qualitative data from some of the key interviews in the study area revealed complex
and diverse changes in the state of local climate in the study area. Interviewees and
participants from FGD’s had the views that in additional to temperature variation;
there is unpredictable rainfall in the study area and the distribution within seasons is
not always uniform and it’s accompanied by frequent dry spells while extreme
temperatures have been common in the area. Furthermore, key interviews pointed out
that these changes affecting crop productivity are due to increased temperature (crop
wilting) and water availability (reduced rainfall amount) which in turn affects their
irrigation farming practices. Decrease in rainfall in the study area in terms of amount
and number of rain days; means that there is decrease in water availability for dry
season farming making irrigation more vulnerable. Frequent dry spells coupled with
extreme temperature and strong winds indicates further how vulnerable dry land

irrigation farming schemes is to climate change impacts.

The perception of irrigation farmers, key interviews, participants from FGD’s and
experts all converge to the same conclusion. They have perceived that the state of
local climate has been changing for the past 25 — 30 years. While key interviews were
comparing the state of local climate in the past, experts (zonal irrigation officer and
water basin officer) compared the level of water availability in Ruvuma River during
the dry season in the past 10 years and described that it has changed so much (keeps
on decreasing every year). Generally, qualitative data conformed to the data collected
through questionnaire in most of what farmers perceived about the state of local
climate and this implies that the state of local climate in the study area has changed
over time and will continue to change if no effective mitigation measures are in place
to encounter the effects of climate change. The general trend of temperatures readings
from Tanzania Meteorological Agency (TMA) in the study area indicates an
increasing trend while for rainfalls, data indicates there has been decreasing trends

with increasing number of frequent dry spells and reduced number of rain days.
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CHAPTER 6: OVERVIEW OF DRY LAND IRRIGATION FARMING
SCHEMES IN THE STUDY AREA.

6.0 Introduction

This chapter provides a general overview of the dry land irrigation farming schemes
in the study area. The chapter describes different farming season, land tenures and
different land rights along the Ruvuma River and Southern Coast Basins. The chapter
describes how different land rights and land tenure affects dry land irrigation farming
schemes with regards to gender and land ownerships. The chapter also describes in-
depth the type of dry land irrigation farming schemes practised and types of crops in
the study area. The chapter further relate the type of dry land irrigation farming
scheme practised and the type of farming systems used to raise crops and the labour

employed.

The size of the farm and duration of farming during the dry season were finally
described in this chapter. The chapter shows how the size of the farm in the study area
which is determined by the existing land tenure systems dry land irrigation farming
schemes in the study area. Although, most of the information comes from dry land
irrigation farmers; field observations and various agricultural reports conformed to the

data and information adhered below.

6.1 Dry Land Irrigation Farming Season

In the study area though few farmers practice mixed farming (subsistence farming and
livestock keeping); research finding shows that farmers do engage in farming
activities as a major means of livelithood. During the dry season; farmers in the six
villages studied do practice irrigation farming nearer water sources such as river,
ponds and where there is available moisture in the soil such as wetlands. About 63.6%
of respondents in the study area engage in farming during the dry season while 29.4%
cultivate crops both during dry and wet season (figure 6.1). During interview few
respondents 7.0% said that they cultivating crops during wet season only since they
do not have access to land (do not own land or have no money to buy or rent a farm)
so they only borrow from other farmers who do not use the land during dry season or

to those who have excess land. Although access to land along or near water sources in
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the study area is limited, field observation showed that several hectares of land were
idle or uncultivated for several years indicating either the land is fallow period or

unused land.

Wet Season,
Wet and Dry 7.0%

Season, 29.4%

Dry Season,
63.6%

Figure 6.1: Respondents” farming season. Source: Mhagama, 2014.

The research findings show that in the six villages studied, there is variation in terms
of farming season with regards to vegetables production. Farmers at Mnazi Moja and
Chiheko villages seemed to engage whole in both dry and wet season without a clear
gap between seasons compared to other villages (figure 6.2). Field observation shows
that the availability of water (Mnazi moja river and Lukuledi river) in these villages

makes it suitable to cultivate throughout both wet and dry seasons.

30 \
N B Wet Season
25 B Dry Season
20 O Wet and Dry Season
15
10
5
0
Mbuo Mpapura Mkwaya Mnazi Chimbile A Chiheko
Maia

Figure 0.2 Respondents  jarming season in each vitlage. Source. Mhagama, 2017.

The available land at Mnazi moja Valley is flooded during rainy season and
conducive for rice farming while during dry season there is enough water (flooded
rice paddy) making it suitable for rice or vegetables cultivation. Along the water

sources in the study area; other vegetables and horticultural produce are cultivated at
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the edge of the valley depending on available moisture or possibility of irrigating the
field/crops. Other villages with farmers practicing both wet and dry season farming
are Chiheko Village followed by Chimbile A Village. These villages (Chiheko and
Chimbile A) have flat valleys with suitable soil for cultivation of other crops during
rainy season (rice, cow/pigeon pea and maize) and vegetables (onions, eggplant,
bell/sweet paper, okra) during dry season. However, in these villages, most of the
farmers farming during the dry season in these villages do not own the land; they only
rent it from land owners at agreeable terms/price (sharing the small percentage of
profits per one harvest or a reasonable amount). A statement made by respondent in
Chiheko villages (KI,16), conform the argument. He said that:
“I pay up to TShs. 100,000/= (equivalent to 42.9€) per season per a plot of land
(0.4ha) and sometimes I share the profit from harvest I made during the dry season

farming”....it is a common practise and everyone in the village is happy about it.

Field observation noted that one plot of land can be utilised once to twice (one or two
harvest season) per dry farming season depending on productivity of land (crop
performance and profits made) and available moisture or water. This has been also
contributed by limited access to land but as well as profit made from previous harvest

especially for farmers who had started planting crops early onset of the dry season.

In all the six villages studied; most of the dry land irrigation farmers interviewed
practice farming along or adjacent to the water sources such as River Mnazi Moja and
River Mkwaya — Lindi Rural District, River Mpapura — Mtwara Rural District. The
dry land irrigation farming pattern is the same across the six villages studied where
farmers cultivate small plots of land utilizing the available land and moisture
effectively. In most villages studied water scarcity is the limiting factor in dry season
farming making irrigation farming difficult and in many cases impossible for the
farmers to produce vegetables crops especially twice per dry season farming. In cases
where river runs dry, others use water from the ponds — Ndiva (e.g. Mbuo village) and
other natural wetlands. During field visits in Chimbile and Chiheko Villages,
Ruangwa District, some farmers use available soil moisture to cultivate crops
especially early farming while others use underground water reservoirs (shallow water

table) through dug out ponds (vinyungu) as shown in figure 6.3 below. Here farmers
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dig a hole (vinyungu) and water eventually emerges from below the surface like

spring.

Figure 6.3: Irrigating crops using traditional vinyungu (underground water

reservoir). Source: Mhagama, 2014.

Irrigating crops (vegetables) using traditional vinyungu has been used by other dry
land irrigation farmers in Iringa and Morogoro regions (Majule, 2003; Kaswamila and
Masuruli, 2004). Depending on water availability, nature of the landscape and
available resources, most of the farmers in the study area use a mixture of two or three
methods to irrigate their crops in the field. Most of the villages studied, majority of
the farmers use buckets, watering cans, manual pumps and irrigation canals to irrigate
their crops/vegetables. In Mnazi moja village most farmers use flash irrigation. In few
cases during field observation in Mpapura and Mbuo Villages, farmers were spotted
pumping water using manual pump and flash the whole field. Some studies shows that
the price of land (renting price) adjacent to the water sources such as river or ponds
increases during dry season compared to wet season (Mkavidanda and Kaswamila,
2001; Kaswamila and Masuruli, 2004; Majule and Mwalyosi, 2007). The field
observation shows that the average areas planted vegetables crops per household
during the dry seasons was not large than 0.4ha compared to wet season which is 1 —
2 ha. According to the Mtwara Regional Economic Profile, the village with the largest
area planted per household (two season’s average) are Nanyumbu district 0.5 ha,
followed by Masasi and Mtwara rural districts (0.4ha). The research findings revealed
that there are different types of land tenure in the six villages studied as described

below.
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6.2 Land Tenure and its Impacts in the Study Area
6.2.1 Land Tenure in the Study Area

In the six villages studied, there are four major land tenure systems that exist. The
cultural setting in the study area shows that men are given high priority when it comes
to inheritance compared to women. According to Carpono (2010) and Behrman et al.
(2013) argues although formal laws provide equal rights for men and women with
regard to access to land and secure tenure (through mechanisms such as registration of
joint rights and marital property laws), in many parts of Tanzania customary law and
traditional practice prevent these provisions from being applied. Hence women’s
access to property rights and the other services that accompany such rights remains
constrained and specifically rights to access, control and transfer land are weaker
compared to those of men. This in turn affects farmer’s particularly women from
accessing and owning land for agricultural production purposes. In the study area,
men seems to have more access to land compared to women where large proportion of
male respondent have inherited the land from their parents (29.4%) compared to
female respondents (20.9%). Findings show that women have more access to land

through renting (27.3%) and buying (11.8%) from other farmers (table 6.1).

Table 6.1: Type of land tenure systems practised in the study area

Gender Type of Land Tenure Systems Practised
Inheritence | Village Authority Buying Renting
N Y% N Y% N Y% N Y%
Male 55 129.4% 1 0.6% 4 2.4% 10 5.3%
Female 39 120.9% 5 2.3% 22 11.8% | 51 27.3%

Source: Mhagama, 2014

Discussion with FGD’s shows that in Chimbile and Chiheko Village its possible to
get land from the village authority due to available general land (woodland or shrub
land) in the village. In Mkwaya village, a participants (KI, 06) mentioned that:- “the
village authority do not have land. This is due to the fact that historically, vast
amount of land was formerly owned by Sisal Company during 1960’s. The sisal
company was Mingoyo Sisal Company in Mkwaya village and Tanzania Agricultural
Sisal Company — TASCO in Mpapura village”.

164 |Page



According to Mkwaya village leader; “the sisal company closed down in the 1980’s
and stopped producing sisal fibres. The existing sisal land was then converted into
agricultural farms and taken by local community particularly farm workers and

thereby passed it to the next generation” (Village Leader, Mkwaya village).

Though men have more access to land in the study area, women seem to be more
participating in on-farm activities such as dry land irrigation farming and rainfed
agriculture. The aforementioned land tenure systems existing in the study area
include:-

i. Inheritance system: Majority of the respondents inherited their land from
parents or family and is passed from one generation to another by the head
of the family in which according to Makonde and Yao customs is the owner
of the land is normally the husband. According to their norm and customs,
women have no right to control over land. They can only access and use
family land or their husband's land if married.

ii. Village Government: This is the land that belongs to the village government
and is given to individuals in the village who are in need under local
authority procedures. Under this system both men and women have equal
rights to acquire and use the land. In the study area, very few people were
given land by village authority due to availability of land along the coastal
area.

iii. Buying from other farmers: This is the land which is acquired through
buying mainly from other farm owners. Under this system, farmers have the
chance to choose the potential land that is fertile and near the water sources.

iv. Renting from farm owners: There are few cases where dry land farmers
acquire land temporarily by renting from farm owners. Although rented land
is utilized very effectively, only annual crops are allowed for cultivation;
mostly green vegetables cultivated during dry season. In this system, the
right of occupancy can be revoked at any time if the occupant violet the
guidelines and rules. During the interview, the respondents revealed that

there are no signed contract only verbal communications are used.
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6.2.2 Impacts of Land Tenure on Dry land Irrigation Farming Schemes

The existing land tenure systems in the study area affect dry land irrigation farming
schemes in different ways. Data from the field interviews shows that the different
types of land tenure systems that exist in the six villages affect the irrigation farming
schemes in three aspects. First, land tenure systems in the study area dictate the size
of the farm a farmer has to cultivate and produce crops making dry farming scheme
unproductive and difficult to expand/grow (figure 6.4). Apart from water availability
being a limiting factor in dry land irrigation farming; analysis and field observation
shows that those who do not own land cannot afford to cultivate large portion of land
due to high price of purchasing the land or renting a farm/plot. Inheritance (inheriting
land from parents/given piece of land by a spouse) seemed to play a big role where
most of the respondents interviewed revealed that they have inherited the land from
their parents. Gender play a big role in inheriting land where response from the
farmers shows that men have more access to land compared to women through
inheritance. This has been also influenced by traditional and culture of Makonde

community around the coastal area where resources belongs to a man.

60 B Male
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Inherited from  Village governt. Buying Renting
parents

Figure 6.4: Land tenure systems, size of the farm and gender. Source:Mhagama, 2014

Secondly, land tenure control and determine the farming season in the study area
making the dry farming more vulnerable as the land owners can affects or interfere
the planting and harvesting time. For example late release of the land by land owners
to the farmer for dry farming season can affects crop performance and harvesting
season as well. The same may happen when the owner reclaiming the land back early
before the end of dry season farming. This is because land is provided based on casual

relationship or verbal agreement between land owner and the farmer. In the six
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villages studied large numbers of respondents interviewed (32.1%) who practice
farming during dry season, own the land followed by those who have rented (19.7%)
the farm plots and few farmers do buy the land from land owners (figure 6.5). The
land tenure and land rights also dictate the ownership pattern as well as the duration
of farming during the dry season farming thereby making dry land irrigation more
vulnerable as farmers who had the ability to cultivate vegetables such as onions twice

per season may fail to do so due to the existing land tenure.
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Figure 6.5: Land tenure systems and farming season. Source: Mhagama, 2014.

Land ownership affects dry land irrigation farming schemes as the land owners can
decide which part of the land he or she has to release for renting. Most of the farmers
who have rented the land find it difficult to farm during the end of the dry season as
some of the rented lands are allocated far from the water sources. In few cases the
rented land is marginal land (degraded land with less fertile soil) and sometimes land
owners may need the land before the end of the dry season. Another interviewee
(KI,14), a vegetable farmer at Chimbile A village narrates that:-

“Sometimes farm owners can also dictate when to release the land hence interfering

with farming season (onset and at the end of dry season) ....they sometimes give us

’

land that is unfertile and very far away from the water sources”.

In general, buying the land from land owners is very expensive while getting land
from village government is difficult because of bureaucracy and procedures. Most of
the lands in the villages belong to farm owners (local residence) through customary
and traditional laws. In some cases (Mpapura, Mkwaya and Mnazi Moja Villages);
the land farms (plots) located nearer the water sources (river) are relatively expensive

when compared to upland farms because they can be used to produce various crops
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throughout the year. The land tenure has no relationship with access to water for
irrigation although it influences the price of land for people who have no access to
land (renting or buying). In all six villages visited water is provided free of charge for

irrigation and farmers can access water throughout the day.

Thirdly, there is no contractual agreement during land acquisition for irrigation
farming hence making it difficult for farmers in case of any emergence or
disagreement. Narration from the field indicates that buying the land from land
owners is very expensive and renting the land has complicated processes and brings a
lot of confusions since there are no clear terms in contractual agreements. Land is
acquired via negotiation and different negotiating terms are applicable. The common
observed terms are payment in cash or sharing profit from harvest. Normally land is
given to a family friend or someone known by the villagers. Moreover, when the land
owner needs the land before the end of the dry season for land preparation the renter
has to return/release the land sometimes with no refunds. This complicates the dry
land irrigation farming schemes when a farmer rent the farm and expects to complete
two or three harvesting season. This was noted in Chimbile A village where there are
two or three harvest season for onions per one dry farming season and where the farm
owner needed the land before the completion of dry farming season. Therefore the
contractual agreement on the land tenure again can affect the already constrained
farming system compared to farmers who inherited land from their parents and can

use the land during the dry and wet season without any difficulties.

6.3 Types of Dry Land Irrigation Farming Schemes Practiced

In the study area four types of dry land irrigation farming schemes were identified.
They include ponds (ndiva/lambo), dug-out ponds (vinyungu), canals (mifereji) and
others (using manual pump/soil moisture) which are only used during the dry season
farming. Ponds/wetlands are common around wetlands or collected flood water and
dug-out ponds are common in low water table areas while canals around river course.
Manual pump is common on both ponds/wetlands and rivers while soil moisture is
common around weltands and bottom flooded valleys. During field observations, in

most cases farmers were seen using two or more types of irrigation farming so as to
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maximise outputs. The following part describes the four identified types of dry land

irrigation farming schemes in the study area include:-

i

ii.

Ponds (Ndiva/lambo): This is the type of dry land irrigation farming
schemes where farmers use natural ponds or construct large artificial pond
(see figure 6.6) and harvest rain water or water from the rivers and use it to
irrigate crops. The large artificial pond is constructed for the purpose of
storing water to be used during the dry season. The size of the ndiva/lambo

differs from place to place depending on financial resources and availability

of water. They are commonly affected by excessive evaporation.

Figure 6. 6.' raditional ndiva/lambo at Mbuo village. Source: Mhagama, 2014

Some of these ponds have been constructed by farmers, but according to the
narratives from village authority most of these ponds have been constructed by
various projects supported by donors and government. Sometimes natural
ponds do exist in few places depending on the landscape. Irrigation using
water from the pond/ndiva is very labour intensive and affects irrigation
farming due to labour and time involved in irrigating crops in the field. Apart
from that, temperature variability affects water availability in the pond due to

increased evaporation and thereby complicating irrigation farming practices.

Dug-out ponds (Vinyungu): These are small dug-out ponds that are
constructed during dry season across the river bed (see figure 6.7) in order to
tap water from underground stream or from the small water springs that
emerge from the river bed. In this case, farmers use the water from the dug-
out ponds to irrigate crops. Depending on the nature of water table and

pressure; the deeper the dug-out ponds the more water is pumped out.
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iii.

Figure 6.7: Dugout pond or trditional vinyungu at Chimbile A village.
Source: Mhagama, 2014.

However in most cases, farmers take advantage of the fact that the
surrounding land contain enough moisture to support crop production for a
certain period of time usually one month immediately onset of dry season. The
size and orientation of the kinyungu plot depends on the quantity of water at
the site. As the water level decreases at the end of dry season so does the depth
of the kinyungu increases. Dug-out ponds are affected by falling water table
every year. They are normally constructed parallel to the land slope where the
moisture content is high. Though in many dug-out ponds (vinyungu), water is
available throughout the dry season farming but in few cases, depending on
nature of water table (particularly low water table), these dug-out ponds run
dry especially at the end of dry season farming due to fall of water table and

thereby affects dry land irrigation farming.

Mifereji/Canals: Here dry land farmers use channels/canals constructed
using crude resources (earth canals lined with clay soil/thatches) and harvest
water from the river and direct it to their farms or rice pads by flooding the
field (see figure 6.8). These canals are affected by flood water and needs
maintenance immediately onset of the dry season so as to maximise water
output. Though, water is available throughout the dry season farming, they
are affected by infiltration and excessive evaporation. In most cases farmers
do prefer cultivating along the river course so as to abstract water, however
with increasing competition for water users; the sustainability of irrigation

farming depending on canal irrigation is questionable.
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Figure 6.8: Mfereji — canals lined with ea materials and flash igtio.Source:
Mhagama, 2014.

iv. Others (Using Manual Pump or Available Soil Moisture): In this case
farmers exploit the available moisture around the valley or pond where flood
water has been collected during the rainy season. They cultivate crops (green
vegetables) on these flooded valleys and depend entirely on soil moisture
from planting until harvesting (figure 6.9). In few cases little water
(moisture) is added during planting and plant roots search for water beneath.

Generally, farmers cultivate crops that can withstand harsh conditions such

as okra, cow peas, sweet potatoes and fruits like banana and pawpaw.

Figure 6.9: Farming around the vlleys using soil moisture/ﬂood aleys. Source:
Mhagama, 2014.
The four different types of dry land irrigation farming schemes identified in the study
area differ from village to village depending on the availability of water, landscape,
resources and land tenure systems that are applied to the different farming season
mentioned above. For example in Mpapura village majority of the farmers (13.4%)
use natural pond (ndiva/lambo) as source of water to irrigate their crops while in
Mnazi Moja village majority of the farmers (11.2%) use water from canals/stream
(mifereji) and manual pump (figure 6.10). In Chimbile A village, farmers (18.2%) use
underground water through small dugout ponds (vinyungu) to irrigate their crops as

well as soil moisture around bottom valleys.
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@ Ndiva/ponds
0O Vinyungu/dug-out ponds

@ Mrfereji/canals

O Others/Manual pump

Mbuo Mpapura  Mkwaya Mnazi Moja Chimbile A Chiheko
Figure 6.10: Type and mode of dry land irrigation farming schemes. Source:

Mhagama, 2014.

Soil moisture is common around low lying areas surrounded by marsh lands and
swamps and is used only onset of dry season instantaneously. During discussion with
FGD’s; participants in Chimbile A described that soil moisture is normally used for
one plating season and only crops that withstand dry condition can be planted.
Majority of the participants interviewed in both villages prefer natural ponds-
ndiva/lambo (Mpapura and Mkwaya) and dugout ponds-traditional vinyungu
(Chimbile A and Chiheko) to irrigate their crops while participants in Mnazi Moja
and Mbuo prefer using manual pump or using soil moisture and canals-mfereji for
irrigate their crops during dry season farming. Although each village prefer using one
particular type of irrigation farming schemes (depending on the water source
available); mixture of other methods are employed as well to irrigate crops in case one

particular farming type fail to supply enough moisture to the crops in the field.

In few cases, dry land irrigation farmers were spotted using manual pump and other
equipments such as buckets and watering can to harvest water from the river and
ponds and irrigate their crop. This type of farming is labour intensive and requires
financial resources in purchasing and maintaining the pump, hence very few farmers
use manual pump to irrigate their crops. In some cases farmers prefer using a mixture
of manual pump or watering can or two methods mentioned above to supplement soil
moisture for their crops especially when water level drops in various water sources
(water reservoirs). In some cases some farmers abandon the farm, reduce the size of
the farm or change the crops (planting crops that use less water and requires short
time to mature) due to water shortage. However, when water availability is not an

issue farmers utilize this opportunity to expand their farms and produce more crops.
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Water availability coupled with demand of a particular crop in the markets dictates
the type of crop a farmer has to produce throughout the season. For example a farmer
may choose to change type of crops (change from green vegetables to okra or egg
plants) after the first harvest depending on water availability by choosing crop that
require less water at the end of dry season when moisture and water level drops. High
demand and better price may also motivate the farmers to choose the type of crop to

cultivate in a particular season.

6.4 Types of Crops Grown During Dry Season Farming

Green vegetables such as green amaranthus, spinachi, collard green, green pepper and
okra accounts for over 80% of the cropped area under irrigation in Mtwara and
region. The cultivated vegetables are consumed in many parts of Mtwara and Lindi
town as well as other villages in the two regions. Other local vegetables produced in
the study area includes African nightshades (Solanum villosum), jute mallow
(Corchorus olitorius) cowpea leaves (Vigna unguiculata), pumpkins and sweet
potatoes leaves. When farmers in the study area were asked to indicate which
common crop they prefer to plant around their farm results in table 6.2 below shows
that majority of the farmers cultivate onions (16.1%) followed by green vegetables

(11.3%) and tomatoes (10.2%).

Table 6.2: Types of crops grown during dry season farming.

S/N | Village Types of crops grown
Green vegs | Tomatoes Onions Others

N % N % N Y% N Y%
1 Mbuo 11 59 2 1.1 0 0 3 1.6
2 Mpapura 21 11.3 8 4.3 4 2.2 5 2.7
3 Mkwaya 11 5.9 9 4.8 1 0.5 8 4.3
4 Mnazi moja 7 2.8 11 5.9 0 0 12 6.5
5 Chimbile A 4 2.2 7 3.8 30 | 16.1 4 2.2
6 Chiheko 3 1.6 19 | 10.2 4 2.2 2 1.1

Source: Mhagama, 2014

In additional to the above mentioned vegetables, farmers also cultivate other crops
such as okra (6.5%), eggplant (4.3%) as well as bell paper (2.7%). Field observation
indicated that vegetables grown appeared to be distributed differently in each of the
villages studied where green vegetables were common in Mbuo, Mpapura and

Mkwaya villages while onions, cabbages and green peppers were common in
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Chimbile A and Chiheko villages. Other crops such as okra, eggplants, sugarcane,

maize and rice were also common in Mnazi moja village.

Despite the availability of improved crop varieties and horticultural practices, the
average vegetables produced and crop yield in the study area has stagnated and
remain very low. National agricultural reports shows that in Mtwara region the most
cultivated fruit and vegetable crops are tomatoes with a production of 6.4t/ha
followed by eggplant 3.4t/ha and okra 0.6t/ha while in Lindi region the tomato and
onion were the two most dominant vegetable crops with tomatoes 8.9t/ha and onion
2.5t/ha produced in year 2014/2015 (URT-Vh, 2012; URT-Vi, 2012). The production
of the other fruit and vegetables crops such as watermelon, cucumber, pawpaw,
cabbage, carrots, green peppers and African eggplants are on the rise in the study

area. Mnazi moja village is famous for maize, sugarcane, rice and banana cultivation.

Interesting scenario was observed during field visits; where other crops such as
cucumber, watermelon maize, and cabbage which are high valued crops were only
being planted as trials or around field boundaries. Some of the reason such as high
water requirements for a particular crop and crop duration to maturity, mentioned by
interviewees fortified the reason for such low practices. One of the participants from
Mkwaya village FGD’s (KI, 07) mentioned that:-

“I normally plant various green vegetables and I agree that some crops command
high price at the market, but planting maize, banana, sugarcane or watermelon is a
waste of time and resources....as these crops consume lots water and the duration for
crops from planting to maturity is longer which is very risky business...I only plant
few around the boundary for consumption, however, I also sell them if I get customers

who can pay for good price”.

Most of the crops are sold on site to the middle men who are collecting vegetables to
sell at the main markets in Lindi and Mtwara town while few vegetables are sold to
the local market or consumed as foods. During field visits; most of the farmers were
seen selling the crops on site, indicating the main purpose of vegetables production
under irrigation farming is income based (cash oriented) however discussion with
interviewees indicated that in most cases the same vegetables are consumed around

household as part of the meal or food recipes. Though the results from farmer’s
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responses shows that most of the vegetables produced (such as cabbages, tomatoes,
spinach, okra and onions) are sold to the markets; still the dry land irrigation farming
schemes in the study area are practised as subsistence only. The main explanation for
this might be due to the fact the vegetables produced are sold only for survival
(buying households needs for the families) and farming is mainly for sustenance or

supplementing household income and food security during dry season.

Most of the farmers in Chimbile A, Mpapura and Chiheko villages has large farm
land/plots compared to farmers at Mnazi moja, Mbuo, and Mkwaya villages. This is
contributed by the fact that Chimbile A, Mpapura and Chiheko have extensive flat
land compared to the rest of the villages in the study area. Additionally, these villages
have been involved in irrigation farming business for a very long time producing
different types of vegetables and fruits. Field observation showed that these villages
have extensive flat flooded valleys that are suitable for both rain season (rice pads)
and dry season (vegetables) farming which explain why these villages have larger

farms size land compared to other villages.

6.5 Size of the Farm, Duration of Farming and Cropping Pattern

Climate change impacts does not only affects crop productivity but it also alter land-
use patterns, both in terms of the total area cultivated (size of the farm) and
geographic distribution of crops. For example, a decrease in water availability as a
result of high temperature (evaporation) or low rainfalls affects the total area under
cultivation as well as change of cropping pattern and crop varieties. At the same time
the existing size of the farm and cropping pattern affects the dry land irrigation
farming schemes. As described above (section 6.1.1 and 6.1.2); findings shows that
the land tenure systems determine the size of the farm (plot/field) a farmer has to
cultivate which in return affects dry land irrigation farming schemes due to the fact
that it affects cropping pattern and crop yield per single harvest. The findings indicate
that there is close relationship between type of land tenure and size of the farm. In
general, data analysis shows that there was high number of respondents (50.1%) who
inherited land from their parents followed by 32.8% who rented the farms from farm
owners (table 6.3). Further analysis indicates that farmers (23.5%) in the study area

with large farm size (1-2ha) have inherited the land from their parents followed by
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farmers (9.1%) who rented the land from land owners. In general, land ownership
seemed to be from inheritance which again affects farmers who do not have access to

land but would like to practise dry land irrigation farming schemes.

Table 6.3: Land tenure systems and size of the farm

S/N | Type of land tenure Size of the farm Total
systems <1 ha 1-2ha Percentages
N Y% N %
1 Inherited from parents 50 | 26.74 44 23.5 50.1%
2 Village government 5 2.7 1 0.5 3.2%
3 Buying 19 10.2 7 3.7 13.9%
4 Renting 44 23.5 17 9.1 32.8%

Source: Mhagama, 2014

Although, the land tenure systems dictate the size of the farm a farmer has to cultivate
and produce crops; there were little significance in terms of duration of farming and
the type of land tenure. Discussion with interviewees revealed that dry land irrigation
farming schemes is a recent practices and majority have been doing it to capture the
new market or demand for vegetables particularly tomatoes, onions, red paper and
other green vegetables that previously were imported from outside the region such as
Dar es Salaam and Iringa. The demand for vegetables is high in the near towns of
Lindi and Mtwara due to on-going oil and gas exploration and construction of
factories. This might have contributed to the farmers to engage more in farming
compared to previous years. There were good relationship between farming season
and duration of farming as large number of respondents practice dry land irrigation
farming schemes during dry season compared to wet and dry season and wet season
only (see figure 6.11). The result however, shows that dry land irrigation farming is a

new practice that has been practised not less than a year.
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Figure 6.11: Duration of farming and farming season in the study area. Source:

Mhagama, 2014.
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Those who do not own land cannot afford to cultivate large portion of land can only
cultivate crops in one season only such as dry season. Buying the land from land
owners is very expensive while getting land from village government is difficult
because of unavailable land, bureaucracy and procedures making it difficult for many
dry land irrigation farmers to own the land especially those coming from far villages
in searching for water to cultivate vegetables. Most of the lands in the villages belong
to farm owners (local residence) through customary and traditional laws. In general,
land tenure, land rights, types of irrigation farming and size of farm as well as
duration of farming may all affects farmers and farming practices when all acts
together simultaneously. These factors affects dry season farming and makes dry land
irrigation farming schemes in the study area more vulnerable as farmers sometimes
fail to cultivate large portion of land and produce more yield, not because of climate
change impacts (such as water shortage-less water available, increase in temperature,
pest and crop wilting) but rather because of complexity and interwoven nature of land
tenure systems and land rights which affects the size of the farm a farmer has to

cultivate and duration of farming season and thereby reduce crop yields.

6.6 Summary

This chapter provided a general overview of the dry land irrigation farming schemes
in the study area. Information from irrigation farmers, key interviews and participants
from FGD’s as well as field observation were used to describes different farming
season, land tenures and different land rights along the Ruvuma River and Southern
Coast Basins. Majority of the interviewed farmers do farm during dry season,
however some do cultivate both wet and dry season. Using information from
respondents in the six villages studied, four major land tenure systems were identified.
The identified land tenure systems includes land under inheritance, under village
government authority, buying land from other farmers while others do rent from those

who have large patch of land and they are not utilizing whole portion.

Data analysis from farmer’s responses indicates that cultural setting in the study area
play a big role where men are given high priority when it comes to inheritance
compared to women. Thus land rights combined with land tenure, play an important

role in vegetable production in the study area. The study found that land tenure and
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land rights affects the size of the field an individual farmer has to cultivate where
those who rent the farm are affected more. The land tenure and land rights also dictate
the ownership pattern as well as the duration of farming during the dry season farming
thereby making dry land irrigation more vulnerable as farmers who had the ability to
cultivate vegetables such as onions twice per season may fail to do so. In much worse
scenarios there are no contractual agreements between land owner and farmers which
further complicate the dry land irrigation farming schemes as land owners can decide
to revoke the right to occupy the land at any time without notice. Qualitative data
from participants in FGD’s substantiated the findings as they mentioned that
sometimes farm owners can also dictate when to release the land hence interfering

with farming season (onset and at the end of dry season).

With regards to types of irrigation farming practised in the study area; four types of
dry land irrigation farming schemes were identified. Depending on the availability of
water sources; farmers have identified four different irrigation farming including the
use of ponds (ndiva/lambo), dug-out ponds (vinyungu), canals (mifereji) and others
(using manual pump/soil moisture). Ponds/wetlands are common around wetlands or
collected flood water and dug-out ponds are common in low water table areas while
canals around river course. Manual pump is common on both ponds/wetlands and
rivers while soil moisture is common around weltands and bottom flooded valleys.
Field observations showed similar findings and in most cases farmers use two or more

types of irrigation farming so as to maximise outputs.

In this chapter, analysis shows that there are different types of crops grown during dry
season farming. The chapter identified several green vegetables as well as fruits being
cultivated in the study area. Information from respondents, shows that majority of
crops grown during dry season includes green vegetables such as green amaranthus,
spinachi, collard green, green pepper, tomatoes, onions, eggplants and okra. Local
vegetables produced in the study area includes African nightshades (Solanum
villosum), jute mallow (Corchorus olitorius) cowpea leaves (Vigna unguiculata),
pumpkins and sweet potatoes leaves. Other crops observed in the study area, though
not mentioned by farmers includes fruits and vegetables crops such as watermelon,
cucumber, pawpaw, cabbage, carrots, maize, sugarcane, rice and banana. During field

visits, some of the fruits (watermelon, banana, sugarcane) were seen planted as trials.
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Finally, in this chapter size of the farm and duration of farming during dry season
were presented and described. The analysis from this chapter shows how different
size of the farms are determined by the existing land tenure systems and how this
affects dry land irrigation farming schemes in the study area. Land ownership seemed
to be from inheritance which again affects farmers who do not have access to land but
would like to practise dry land irrigation farming schemes. Although, most of the
information comes from dry land irrigation farmers; field observations and various

agricultural reports conformed to the data and information adhered in this chapter.
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CHAPTER 7: FARMERS RESPONSE TO THE IMPACTS OF CLIMATE
CHANGE ON DRY LAND IRRIGATION FARMING SCHEMES.

7.0 Introduction

In this research study, one of the main focuses was to identify the impact of climate
change on dry land irrigation farming schemes in the study area. Using farmer’s
perception to identifying the impacts of climate change on dry land irrigation farming
schemes will not only provided the basis for revealing the vulnerability of irrigation
farming schemes but also would help in identifying their implications to the farmers
practising dry land irrigation farming schemes, and their adaptation strategies as well
as the resilience of the farming schemes. This chapter describes in details the effects
of climate change on the dry land irrigation farming schemes by using dry land
irrigation farmer’s perception. It describes local knowledge farmers have with regards
to impacts of climate change and broaden the farmers knowledge by employing
farmers perception on the key climate variables (temperature and rainfall

characteristics) affecting dry land irrigation farming schemes in the study area.

The chapter describes further the impact of climate change it has on dry land
irrigation farming schemes by describing in details the climate change extremes such
as floods, frequent dry spell and drought condition. Other climate change impacts in
the study area such as soil erosion, soil contamination and weed and pests infestation

have also been described here.

Field observation as well as local indicators of climate change and climate change
impacts has been documented in this chapter. Finally, the chapter describes
information from interviewees and focus group discussion narratives. Various reports,
local, national and regional reports coincide with data analysis from farmers,
interviewees and field observations as well. The detailed information about the
impacts of climate change on dry land irrigation farming schemes in the study area

have been described hereunder.
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7.1 Farmers Knowledge on Impacts of Climate Change

Results from the six villages studied shows that majority of farmers (93.5%) do
understand the impact of climate change on dry land irrigation farming schemes while
about 4.8% said no, they do not understand anything about climate change (figure
7.1). The remaining 1.7% mentioned that they have never experienced any changes in
climate or weather and everything depend on God in such that all the changes are

broucht hv natnral nrocesses and has nothino to do with climate

No, 4.8% Dont Know, 1.7%

\Yes , 93.5%

Figure 7.1: Farmers knowledge on climate change impacts. Source: Mhagama, 2014

For those who agreed about having knowledge about impact of climate change; a
further question was paused to describe about how climate change affects their dry
land irrigation farming schemes? Majority of the farmers (57.1%) described an
increase in extreme temperature as the major climate change impact to affects their
dry farming schemes as this reduce soil moisture due to excessive evaporation which
in return affect crop wilting and reduce crop performance and productivity (see table
7.1). Others (37.7%) described an increase in heavy rainfall which damage crops and
soil erosion as well as stagnant water during wet season while others mentioned
increase in pests (3.5%) and weed infestation (1.7%) which increase the cost of
tending the crops and land preparation. This makes climate change impacts one of the
major threats to dry land irrigation farming schemes in the study area due to reduced

productivity (crop yield per season) and increased cost of farming per hectares.

Table 7.1: Impact of climate change on dry land irrigation farming schemes.

Variable (Impacts of climate change) Observation Percentage
Heavy rainfalls 66 37.7%
Extreme temperature 100 57.1%
Weed infestations 3 1.7%
Pests and crop wilting 6 3.5%
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Climate change impacts affects dry land irrigation farming schemes in a complex and
unprecedented way which makes it difficult for the farmers to realise and solve the
puzzle instantly. For example; the increase in rainfalls causes weeds to grow fast
which affect land preparation as more time and labour force will be needed to clear
and prepare the land for dry season farming. The increase in weeds infestation
simultaneously cause an increase in crop pests (locust, aphids, and fungi) especially
during wet season and onset of dry season which in turn affects crop productivity and
farmers incur a lot of cost in tending the crops. Field observation yielded new findings
where during dry season, various large fields in Mbuo, Mpapura and Mkwaya villages
were set on fire to reduce the effects of weed infestation and sometimes this poor farm

practices has been used as a means of land preparation.

Furthermore, increases in heavy rainfalls which cause floods have advantages and
disadvantages to the dry land irrigation farming schemes. For example, field
observation in Mkwaya and Mpapura villages showed that farmers with farm plots
located adjacent to river banks and bottom valleys had been affected more due to the
effects of flooding during heavy rainfalls, however during the dry season the same
fields becomes suitable as they have more fertile soil and enough moisture. This is
contrally to the farms located at a distance far from the river banks or bottom valleys
as these fields becomes unusable during the dry seasons as they lose soil moisture
more quickly and the labourer needed to irrigate or watering the crops is so high that
some of the farmers cannot afford it. As a result farmers reduce the size of the field or
abandon some of the crops that require more inputs (e.g. pesticides, fertilizer and
water). The survey data from the field justify the complexity of climate change
impacts with regards to type of crops grown where further analysis shows that farmers
were affected more depending on type of crops grown as well as farming season with
a significance difference of R=0.84, p<0.582 at 1df with a Mean of 1.71 and Std.
Deviation of 0.67.

Impact of Climate change on dry | Observation | Mean | Std. Dev. | Min | Max
land irrigation farming schemes

Types of crop grown 187 1.71 | 0.67 1 4
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The study also found out that the working force/labour had more knowledge on
climate change impacts where about 44.4% (between age group 26 — 27) and 27.8%
(between age group 18 — 25) compared to older farmers 22.5% (between age 36 — 45).
This is because the working force/labour are more engaged in irrigation farming
activities than any group in the society while in terms of gender, women seems to
have a good understanding about climate change impact compared to men (see table
7.2). This has much to do with their fully involvement in agricultural production
particularly dry farming compared to men. Field observation showed that women had

more fields and involved fully in dry land irrigation farming compared to men.

Table 7.2: Age and gender of respondent’s v/s climate change knowledge

S/N | Age Climate Change Gender Climate Change
Knowledge Knowledge
N Y% N Y%
1 18 — 25 49 28.0 Female 108 61.7
2 26 — 35 79 45.1 Male 67 38.3
3 36 —45 39 22.3
4 46 — 55 8 4.6

Source: Mhagama, 2014.

Information from the dry land farmers presented demonstrated that climate change
impacts affects dry land irrigation faming in a different way. Field observation as well
as data from interviewees conformed to the result. For example, with regards to
extreme temperature; any increase in temperature also does not only reduce moisture
and cause crop to wilt but also affects the crop quality and increase the cost of
watering the crops twice per day. Information from interviewees in Mpapura, Mbuo
and Mkwaya villages highlighted the situation. The participants described that; the
changes or increase in temperature does not only affects water or moisture
availability; it also affects cropping pattern, time and cost incurred to tend the
vegetables until they are ready to take to the market. Furthermore, increase in
temperature affects crop performance and productivity in the field resulting in low
and poor yield. This in turn affects the quality of crops produced which fail to
compete with crops from other villages hence commands low price at the market.
During field visits in Mkwaya and Mpapura; few vegetables such green peppers,
tomatoes, eggplants and other green vegetables (spinach) were seen sold at a very low

price due to reduced quality as a result of wilting and pest or disease infections.

183 |Page



Interview with another respondent (KI, 08); a vegetable farmer in Mkwaya village,
clarifies the effects of increasing temperature on crop performance and productivity.
She narrated that:-

“I have to change cropping pattern...either planting my vegetables following water
course..., as water level decreases I also decrease the size of plots. In some drier
months, I have to change type of crops (plant crops that withstand dry condition such
as okra and cowpeas) or incur extra cost by hiring labour to help me with tending the
crops particularly watering vegetables twice per day, something that I never had to

>

worry in the past 20 years or so..’

Climate change also affects water availability where during the dry season due to
increase in temperature; most of the water sources/reservoirs falls below threshold
limits. Interviewees described that water levels in many reservoirs were normal in the
past due to regular and predictable rainfalls in terms of amount and number of rain
days per year and rarely dry season farmers would experience water shortage for their
agricultural activities. Participants (KI, 02) from Mbuo village and a member of
village water committee commented that:-

“Normally, in the past, we had enough water to grow crops throughout dry
season....water shortage was not a problem. However, nowadays we have to make
sure that ponds have enough water ...otherwise we advise the farmer to reduce inputs
or change crop variety, which is not easy because everyone has his/her own targets

and changing farming practices it is a length and tedious process.

Most of the data from interviewees do not deviate so much from what was illustrated
by farmers and overall overviews of farmer’s knowledge on climate change impacts
on dry land irrigation farming schemes in the study area are acceptable with national
and local reports. Although majority of the farmers agrees climate change affects their
farming schemes; its impacts affects individual farmer differently depending on the
availability of extra source of income, farming season, farming skills, size of the farm,
type of crops grown as well as different livelihoods occupied (subsistence farming,
livestock keepers or mixed farming). For example, some slight deviations were
observed during field observation where those cultivating tomatoes and green

vegetables were affected more by extreme temperatures compared to farmers
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cultivating okra, eggplants, onions and local varieties of vegetables that withstand
harsh condition. Similar studies by Bennett et al. 2015 and O’Brien et al. 2004;
explain that impacts of climate change can be unevenly experienced by various
similarly exposed groups (genders, ages, classes, societal groups, livelihoods, etc.)
based on differential sensitivities. Information from District Irrigation Officer,
Mtwara Rural District Council verifies that majority of the subsistence farmers are
affected more compared to other farmers. Mtwara District Irrigation Officer had this
to say in justification of the responses from the farmers:-

“Climate change affects subsistence farmer’s particularly dry land irrigation farmers
who have no means of combating and adapting to climate change. Majority of the
farmers in Mbuo and Mpapura are affected by shortage of water and increased
temperature during dry season which affects the crops grown and consequently crop
vield making dry land irrigation faming schemes very unproductive and vulnerable in

additional to climate change impacts.

Apart from information from interviewees on climate change impacts on dry land
irrigation farming schemes, the study found out that the climate change variability
affects dry land irrigation farming schemes and interferes with their farming season
by affecting land preparation, planting season and cropping pattern as well as crop
management especially during pest and diseases outbreak such as locust or fungi. The
effects of climate change variability such as temperature and rainfall changes over the
last 15 years, and how these changes affects their planting season, cropping pattern,

type of crops, and outbreak of diseases around the study area are described below.

7.1.1 Farmers Perception on Temperature and Rainfall Characteristics.

In order to explain the impact of climate change on dry land irrigation farming
schemes in the study area; it is important to focus on the key climate variables.
Therefore in this section, the question was posed to understand how farmers perceived
and explain the impact of climate change with regards to changes in temperature and
rainfall characteristics over the past 30 years. How these changes perceived have been
translated or how they affect their dry farming schemes and daily livelihoods have
also been captured and described here. The perception of temperature and rainfall

pattern changes is a necessary prerequisite for any kind of climate change adaptation
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including agriculture particularly irrigation farming as well as natural resource
management. In analysing information from the farmers; their perceived threats can
have a significant impacts when it comes to predicts the future impacts of climate
change using local knowledge as well as farmers experiences in irrigation farming

activities.

Results from six villages studied indicate that farmers perceive changes in the trends
of temperature and rainfall characteristics and pattern in the study area. Majority of
the farmers (57.1%) mentioned that there has been an increase in extreme temperature
compared to past 20 years particularly during dry season (August — October) and
onset of wet season (November — December) with December being the hottest month
ever recorded. Others farmers (37.7%) mentioned about an increase in rainfalls
particularly onset of the rain season and mid wet season. The observed increase in
rainfalls by farmers has been attributed by short heavy downpour during the month of
OND or MAM; since general data from TMA indicates a decrease in rainfalls pattern
(amount and number of days). In few cases, farmer’s perception has precipitated out
the impacts of heavy rainfall (floods) in the study area. For example, some of the
heavy floods around coastal low land area are result of heavy rainfall from upland and
not from coastal area. During field visits, differences were noted in Mpapura and
Mkwaya where most of the heavy floods were results of heavy rainfalls from upland

region such as Mbinga, Ruvuma and Ulanga, Morogoro.

Furthermore, during the field survey farmers were asked to describe what effects
would these changes in temperature and rainfalls have on dry land irrigation farming
schemes in the study area. The response from the farmers’ survey indicates that
majority of the farmers (see also table 7.1 above) agrees that changes in temperature
and rainfall characteristics would affects their dry land irrigation farming schemes
where extreme temperature contribute to crop wilting while others mentioned that
there have been significant changes on rainfall pattern which cause heavy floods in
their respective areas over the past 15 years (figure 7.2). In additional, other farmers
mentioned about weed infestation caused by heavy rainfall as well as salt
accumulation induced by high evaporation as a result of extreme increase in

temperature.
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Figure 7.2: Farmers perception on temperature and rainfall characteristics. Source:

Mhagama, 2014.

Working or labour force (farmers aged between 26-35) and education status of the

respondents (figure 7.3) seems to understand more on climate change and how it

affects their dry land irrigation farming schemes in terms of increased rainfall (floods)

and extreme temperature (crop wilting). The working or labour force have more

knowledge as they are actively involved in economic production on a daily basis

accessing and sharing information on irrigation farming. Others 3.4% of the farmers

described that there has been increasing weed infestation (increase in flood water) and

frequency of pest and disease outbreak (locust, aphids, fungi and army worms). These

changes significantly affect dry land farming as they affect planting season and reduce

crop yield.
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Figure 7.3: Farmers perception on how climate change affects dry land irrigation.

Source: Mhagama, 2014.

According to the farmers these changes has been characterized by changes in the

rainfall pattern and temperature flux. Although majority of the farmers admitted that

rainfall (pattern, amount, intensity and frequency) during the rainy season have
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increased; data from TMA shows that rainfall changes been erratic and unpredictable
causing changes in farming season. In few cases some of the farmers in Chimbile A
and Chiheko villages have noted small amount of rainfall which rain for a very short
period of time while others farmers in Mkwaya, Mpapura and Mbuo villages pointed
out that the temperature flux (amount of sunshine and heat intensity) has been
increasing over the past 20 years where water level drops quickly before the end of
dry season. Their response is also affected by geographical location where Chimbile
A and Chiheko villages are located on hinterland (about 500m a.b.s) hence effects of
altitudes while Mkwaya, Mpapura and Mbuo villages are mile away from coastal

shoreline (about 20-50m a.b.s) and hence they are influenced by coastal condition.

The fact that the majority of farmers perceived increasing temperatures over the past
20 years is in line with the information from Tanzania National Meteorological
Agency, indicates a significant impacts on current climate change as well as future
projected changes and unforeseeable impacts. Majority of the farmers’ perceptions of
increased rainfall could be attributed due to observing frequent climate extreme
events such as ENSO (E/ Nino) which is also in line with last year and this year
reports from TMA on occurrence heavy rainfall characterized by strong winds and
heavy rainfalls from intertropical convergence zone and intensification of high
pressure systems in the Indian ocean (box 7.1). These climate extremes are observed
during the months of Dec-Jan and March-April and most affected areas are Mtwara

and Lindi coastal areas where Mkwaya, Mpapura and Mbuo villages are also located.

Box 7.1: Tanzania Meteorological Agency, Seasonal Forecast: TMA Press Release, 2015
Climate Outlook for March — May, 2015 and October — December, 2015 Rainfall Season

1. Highlights on March — May, 2015: During the long rain season in this period most parts
of Bimodal Areas experienced above normal rainfall. However, pockets of normal rainfall
were observed Southern Coast.

2. Highlights for October — December, 2015: Short rainfall season indicates that rainfall is
expected to be above normal and normal (sufficient rainfall) over most parts of bimodal
areas and some parts of unimodal areas. Expected Impacts: Soil moisture levels are likely
to be enhanced due to the expected above normal to normal rainfall and likely to affect the
cropping season over bimodal areas. River flow discharges and water levels in rivers and
dams are likely to increase from their current levels. Short periods of heavy rainfall may
cause excessive surface runoff and elevate flood risks during the season.

3. Climate Systems Outlook: There is enhanced warming over Central eastern Equatorial
Pacific Ocean which is likely to persist throughout the October to December, 2015
rainfall season indicating the Presence of El Nino.

Many studies indicate that experienced farmers have a higher probability of

perceiving changes in the rainfall pattern and temperature extremes as they are

188|Page



exposed to past and present climatic conditions over the longer horizon of their life
span compared to less experienced farmers (Maddison, 2006; Ishaya and Abaje,
2008). According to Deressa et al. (2008) in Southern Africa, there is a perception
that most farmers perceive that long-term temperatures are increasing and the overall
perception on long term changes in precipitation is that the region is getting drier and
that there are pronounced changes in the timing of rains and frequency of droughts.
Though farmers in the study area have less experience in dry land irrigation farming
practices, majority of the respondents have agreed that the dry land irrigation farming
schemes is affected by changes in temperature and rainfall variability which makes

their farming vulnerable to climate change while others disagree.

The differences existing in perception of the farmers with regards to changes in
temperature and rainfall characteristics were attributed by characteristics such as
income status, type of crop farming, and closeness to water sources which influenced
the way farmers perceive climate change impacts. Data from field interviewees have
similar responses. One respondent (KI,10) from Mnazimoja village mentioned that:-
“I am using manual pump and one of my field/plot is very close to the river bank
(Mnazi moja river)...So I have no problem with the effects of increasing temperature
because I can abstract and use enough water. The problem is some farmers don’t
know some crops require more water compared to others...hence they complain about

excessive evaporation caused by extreme sunshine but that’s not true...”.

Field observation showed that those who are able to own manual pumps or having
fields close to the river banks or water sources had no problem with the impacts of
increasing temperature. Similarly, farmers who cultivate local variety and crops that
withstand harsh condition such as okra, cow peas and onions had little to complain
regarding the effects of increasing temperature. Although key climate change
variables are temperature and rainfall characteristics; climate change impacts is not an
outcome of a single variables but rather several other phenomenon occurring over
many years. The impact of a climate change can also be attributed by other
parameters. In the following section farmers were asked to describe how their

irrigation farming schemes are vulnerable to climate change.
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7.1.2 Occurrence of Frequent Dry Spell and Drought Condition.

The prevalence of frequent period of dry spells (between January — March) and
drought conditions are among the results of climate change impacts perceived by
farmers in the study area. This is particularly true due to the fact that frequent dry
spells and drought conditions are major constraints to the availability of water in
various water sources during dry season (less water) which affects dry land irrigation
farming schemes and hence contribute to low yields. According to farmers in the
study areas the climate change effects have been noted in the changes in
characteristics and pattern of rainfall. These changes include the start and end of
rainfall, amount, intensity and frequency or number of raindays, during the rainy
season. The changes in the rainfall characteristics and pattern results in frequent
periods of dry spell (a prolonged period of dry weather with extreme temperature and
dry condition) during the rainy season compared to past 20 years as well as drought
condition. Though dry spells is a drown-out period where the weather is dry, for an
abnormal season and short, its not as severe as drought condition. However, its
impacts have a significant reduction in water availability due to reduced amount of
rainfalls and increased evaporations. Analysis from interviewees show that frequent
occurrence of dry spells in the study area reduces water availability in various water

sources in two ways:-

First, it reduces volumes or amount of rainfalls following months or weeks with no
rainfalls which reduces volumes of water in various water reservoirs or water sources
such as ponds and river flows. Respondent (KI,03) from Mpapura village said that:-
“In the past years, rain season lasted longer and there were no period of little or no
rain during wet season. It normally rained throughout....however, recently, things
have changed and within a period long rain season, we have short periods of little or
no rainfall at all that cause water volumes around Mkwaya river and Mnazimoja to

fell below normal .
Secondly, due to the location of the study area (tropical low lying coastal area) it

induces excessive evaporations due to extreme heat or temperature from sunshine or

sunlight intensity, which again reduces water levels in various water sources and
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thereby affecting water availability during dry season. Respondent (KI,15) from
Chimbile A village and a member of village water committee mentioned that:-

“There has been increase in period of no rainfalls during mid rain season,
accompanied by extreme temperature that causes excessive evaporation....If you had
visited Chimbile or any other wetlands in the region, during mid rain season; you
would have concrete proof of what I am trying to explain.... Whenever, there is
frequent occurrence of dry spells; water levels normally drops even during rainy

season, which means there is little or no water left for our dry season farming”.

Other impacts mentioned is that increase in frequent dry spells induce other effects
including diseases attack on crops such as fungi (rusty-kutu and ukungu) resulting in
crop wilting and significantly affecting dry land irrigation farming by reducing crop
production and food security and thereby reducing family income. In Mpapura, Mbuo
and Mkwaya villages; interviewees indicated that they also perceived dry condition
and windy weathers. This is due to the fact that these villages lies along the coastal
area/shoreline and hence dry and windy condition they perceive might be influenced

by the influence of prevailing wind (and sea breeze) from Indian ocean.

Although farmers in the study area have knowledge on climate change and how
climate change affects their dry farming schemes; many studies have revealed that
sometimes farmers are influenced by many factors other than climate change such
geographical location, socio-economic issues and agro-ecological condition. For
example, the agro-ecological setting of farmers can influences the perception of
farmers on how climate change affects their farming where farmers will respond
differently depending on agro-ecological condition. A study by Diggs (1991) revealed
that farmers living in drier areas with more frequent droughts are more likely to
describe the climatic change to be warmer and drier than farmers living in a relatively
wetter climate with less frequent droughts. In this case farmer’s associates the
formation and impact of climate change with relation to agro-ecological condition
which in turn will have a biased results in wet condition compared to frequency of

drought in drier areas.
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7.1.3 Soil Erosion and Soil Contamination

In the study area, both heavy rainfall and extreme temperature variability have
resulted in soil erosion (through floods) and salt accumulation (though excessive
evaporation) in many cultivated lands. Absence of vegetation cover due to
deforestation and intensive farming in many fields has accelerated the soil erosion
problem in the study area. Continuous setting fire in the forest and general land also
contributed immensely to the situation while leaving farmers with no choice but
continue practising shifting cultivation which immeasurably affects agricultural
production and particularly irrigation farming. One of the field observations during
peak of rain season in 2015 showed the impacts of heavy floods that washed all the
crops away cultivated around river banks and bottom valleys. These are preferred
areas due to rich soil fertility and moisture. One of the interviewees (KI,13) from
Chimbile A village, mentioned that:-

“In period of heavy rainfalls, we just have to pray to god that our crops can be saved
because there is no way....heavy rainfalls cause erosion, damage our crops and
sometimes our crops are swept away...if I had no alternatives then that’s the end of
the story. Sometimes stagnant flood water contaminate the land which makes it

unsuitable for agriculture as nothing grows in it..”.

This is because stagnant water raises pH level of the water that creates acidic
condition and contaminates the soil and makes it acidic conditions. At the same time,
excessive evaporation leaves salt accumulation which makes the soil too alkaline and
hence unsuitable for irrigation farming. Through field observation (figure 7.4), during
wet season crops cultivated around the valleys have been washed away by flush
floods including top fertile soil while during the dry season some farm plots have
been abandoned because of the land is no longer productive because of high alkaline

condition resulted from excessive evaporation leaving out salt materials.
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Figure 7.4: Crops and soil washed away by floods and contaminated soil by salt

intrusion. Source: Mhagama, 2014

7.1.4 Weed and Pests Infestation

Weed coverage and pests infestation in many farms are associated with changes in
rainfall pattern (increased rate of rainfall). Through field observation; (wet season)
during the period of high rainfall farmers in the study have noted high rate of growth
of weeds that constraints farming (rice pads during wet season) as well as vegetables
during dry season due to increased cost of weeding as well as pest (aphids) outbreaks
that attacks crops. Farmers in the study area narrated that the land becomes unsuitable
for cultivation (though this has much to do with labour intensive required to clear and
prepare the land rather than climate change impact). On the other hand, high presence
of weeds favour growth of various pests such as locusts, termites, insects and flies that
affects green vegetables cultivated during dry season. According to Mkwaya Village
Executive Officer, presence of weeds affects irrigation farming in two ways:-

“An increase in rainfalls causes weeds to grow fast and tall. This causes an increase

in cost of land preparation during dry season due to tall grasses...but also, having

weeds around cause an outbreak of pests which attacks crops during wet season as

well as vegetables during dry season due to presence of fresh leaves”.

Most of the villages in the study area are found along the coastal low land area which
has fertile soil and subjected to heavy rainfalls and floods every wet season. This
creates a conducive environments for weeds to grow fast and also presence of enough
moisture and fodder creating better conditions for other biodiversity (such as pests) to

flourish, which in turn affects agricultural production such as irrigation farming.
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7.2 Impacts of Climate Change on Crop Productivity and Income of the Framers

Data from farmer’s perception supported by interviews from focus group discussion
indicates that the state of local climate along Ruvuma Basin (study area) is changing
in a number of ways since past 20 years or so. Though with slightly differences in
terms of responses; their perception have been justified by climate data from Tanzania
Meteorological Station and other national and local climate change reports (NAPA,
2007; URT, 2012; IPCC, 2014) which indicates an increase in temperature and
decrease in rainfall. In addition to the increase in temperature and rainfall variability,
occurrence of dry spells, soil erosion and weeds and pest infestation; climate change
impact is likely to produce various socio-economic consequences to the dry land

irrigation farming schemes.

The increase in temperature has effects on the land surface due to increase the rate of
evaporation which also affects soil moisture availability for the crops. Low moisture
availability and increasing evapo-transpiration makes the crop vulnerable to moisture
stress and reduced crop performance and productivity. Poor crop productivity induces
poor quality and low yield which affects the price of vegetables in the market (i.e.
poor farmers cannot compete with other well adapted farmers). During interview
with respondent (KI,14), vegetable farmer at Chiheko added that:-
“The extreme temperature affects my produce...sometimes I get poor quality (bell

paper) in which buyers refuse to buy at normal price...; maybe they are even cheating
on us ... but what can we do...even if we say no, we can’t compete with farmers from

Kitele or Milola (well established farming schemes). So we have to accept any price

middle man offer to buy our produce so the life can go on”.

Other findings, had similar results in various parts of the country practising irrigation
farming (Kaswamila and Masuruli, 2004; Majule and Mwaliyosi, 2007). According to
URT, 2012; productivity of most crops in Tanzania seems to have declined due to
changing climate, particularly due to the increasing unreliability of rainfall.
Furthermore, increase in temperature affects water availability (reduced water
volumes) in various water bodies and thereby cause an increase in cost of tending the
crops (irrigating or watering crops and pest application) and subsequently affecting

number of poor farmers who practising dry land irrigation farming as part of food
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security (supplementing wet season harvest). Some of the impacts of climate change
on dry land irrigation farming schemes have indirect effects, which are difficult to
entangle and account for (see table 7.3). Thus a careful understanding of how farmers
perceive climatic changes and their linkage to induced effects (whether direct or
indirect) is of paramount importance for adaptation as well as sustainability of dry

land irrigation farming in the study area.

Table 7.3: Summary of the indirect impacts of climate change on farming.

S/N | Perceived Induced Impacts Indirect Impacts
Changes Effects
1 Increase in | Excessive Crop wilting, poor | Poor and low yield,
extreme evaporation productivity low  price, low
temperature income earned
Increased cost of | Draining farmers
farming — watering income
2 Heavy Heavy floods, | Damage to crops and | Affects yield, food
rainfalls soil erosion properties security, drain
farmers income
Stagnant water raises | Affects crops
pH, performance
3 Occurrence of | Extreme short | Reduced water and | Less water available
frequent dry | periods of dry | moisture availability, | for ~ dry  season
spells condition affects crop | farming, low yield,
performance low income earned
4 Weed and pest | Heavy rainfall | Crop  performance, | Poor and low yield,
infestation cost of land | low income earned,
preparation and | Draining farmers
tending crops income

Source: Mhagama, 2014

As a result, indirect impacts induced by climate change makes faming schemes more
vulnerable to climate change impacts than direct or observable impacts of climate
change. In general, these changes are expected to likely cause an increased risk of
famine and decreased household income particularly during dry season, where
irrigation farming schemes was supposed to supplement food production or income of

the farmers during dry season.

7.3 Local Indicators of Climate Change Impacts in the Study Area

Through field observation (see figure 7.5 and 7.6 below); the study found out that the
dry land irrigation farming schemes is affected by floods (frequent flush floods);
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extreme temperature during the month of August — November, with December being

at the peak of extreme high temperature ever recorded (hottest month).

Figure 7.5: Parts of Lukuledi River (Mkwaya Village) during dry season and wet
season (same location-notice the position of trees in the background). Mhagama, 2014

Figure 7.6: Parts of Mpapura Valley during dry season and wet season (though the
flood water originated from far highland areas of Ruvuma region). Mhagama, 2014

The effect of high temperature can be observed on land where there soil moisture
stress which affects crop performance depending on the stages of crop growth. In the
study area, crops that withstand harsh and dry condition like okra and onions seemed
to suffer less yield damage compared to crops that do not withstand extreme harsh
condition such as tomatoes and other green vegetables. In few cases, interviewees
mention that farmers who practise late planting have to endure water shortage
problem and their crops have to encounter water stress at the end of the growing

season due to less water available which subsequently leads to low crop yield.

Other changes observed includes frequent period of dry spell (from January — March)

during wet season which affects water availability (reduced volume of water) in
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various water sources during dry season while at the same time during dry season the
scorching sun increases the chances of drought and reduces the availability of water in
various reservoirs or water sources as well as soil moisture that would have been
available for irrigating crops/vegetable during dry season. This affects dry land
irrigation farming practices as it determine the size of the farm and the type of crops
(vegetables) a farmer has to plant which in turn determine the average yield of the

farmers.

7.4 Summary

In this chapter, clearly the impact of climate change on dry land irrigation farming
schemes in the study area were identified and presented. In the study area, farmers
perception (local knowledge); was used to identify the impacts of climate change on
dry land irrigation farming schemes. Majority of the irrigation farmers in the study
area seemed to have knowledge about climate change and they know how climate
change is affecting their irrigation farming schemes. In general, they described the
effects of climate change on dry land irrigation farming schemes in terms of increase
in extreme temperature and heavy rainfall. Farmers described that an increase in
extreme temperature cause a reduction in soil moisture and water availability due to
excessive evaporation as well as cause crop to wilt and thereby reduce crop
performance, productivity and total yield per season. The increase in extreme
temperature was also noted in various other national (NAPA) and global (IPCC)

reports on climate change impacts in Tanzania.

Heavy rainfalls were also described by farmers as effects of climate change impacts
which damage crops and soil erosion during wet season and heavy rainfall cause flood
water (stagnant water which cause eutrophication) as well as an increase in pest’s
outbreak, and weed infestation. Though farmers have perceived an increase in heavy
rainfall during wet season but various national (NAPA) and global (IPCC) reports
shows that rainfall in Tanzania has decreased in the past 30 years and the country will
experience a decrease in rainfall in future. Thus farmers perceptions of increased
rainfall could be attributed due to observing frequent climate extreme events such as
ENSO (EI Nino) which is also in line with reports from National Meteorological
Agency, TMA. The TMA report (2015) described that most of the observed heavy
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rainfall in January, March and April are characterized by strong winds and heavy
rainfalls from intertropical convergence zone and intensification of high pressure
systems in the Indian ocean which cause heavy downpour along the Southern Coast of
Tanzania. Various National and global reports as well as projections from various
models (Markov Model-NHMM) shows that Africa and Tanzania in particular will

experience a decrease in rainfall by the year 2050.

Other effects of climate change described by farmers in this chapter includes soil
erosion and the occurrence of frequent dry spells which affects dry land irrigation
farming schemes in the study area. Farmers mentioned that frequent dry spells cause
reduction in water due to decreased amount of water in various water sources
(decrease in volume due to decreased number of rain days). Furthermore, farmers
described that increase in weed infestation is manifested in the increase in cost of land
preparation for dry season farming while increase in extreme temperature and pest

outbreak cause an increase in the cost of tending the crops in the field.

The chapter highlighted how the effects of climate change on dry land irrigation
farming schemes is complex and unprecedented which makes it difficult for the
farmers to realise and solve the puzzle instantly. For example; information from
farmers responses shows how an increase in rainfalls cause weeds to grow fast which
affect land preparation and thereby making farmers incur more labour force and time
needed to clear and prepare the land for dry season farming. Another complex and
unprecedented effects is an increase in weeds infestation simultaneously cause an
increase in crop pests (locust, aphids, fungi) especially during wet season and onset of
dry season which in turn affects crop productivity and farmers had to incur a lot of

cost in tending the crops.

This chapter also described how climate change affects crop productivity and thereby
alter or affects income of the farmers. The effects of climate change on income of the
farmers are contributed by poor crop productivity which results in low crop yield. The
poor crop quality and low crop yield, means crops or vegetables fetch low price at the
market hence low income earned by farmers. Climate change also affects food
security and drain farmer’s income when preparing the land and tending the crops in

the field. This makes climate change impacts one of the major threats to irrigation
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farming in the study area due to reduced productivity (crop yield per season) and
increased cost of farming per hectares and thereby make dry land irrigation farming

schemes the most vulnerable farming business in the study area.

The chapter also had described how women and working force (youth) had more
knowledge on climate change impacts compared to older men in the study area which
is contributed by the fact that women and youths are more engaging in irrigation
farming activities than any other group in the society. Though climate change affects
dry land irrigation farming, individual differences were noted. The variation in
climate change impacts among individual farmers were also documented where
individual irrigation farmers were affected differently by climate change impacts.
During field visits, observation shows that cause of variation depends availability of
extra source of income, farming skills, size of the farm, type of crops grown as well as
different livelihoods occupied (subsistence farming, livestock keepers or mixed
farming). For example, farmers cultivating green vegetables and tomatoes were
affected more by an increase in extreme temperature compared to farmers cultivating
okra, cow peas and onions. Similarly, farmers with large fields size and less irrigation
farming skills were seen straggling to cope with the impacts of climate change

compared to others with experience and smaller fields.

Field observation also showed similar findings of crop failure (wilting and pest
attacks) as well as fast decrease in water level in various water sources (rivers, ponds)
during dry season farming. During wet season several crops planted along river banks
and bottom valleys were damaged by heavy floods. The chapter has tried to indicate
how climate change affects dry land irrigation farming in the study area and thereby
making irrigation farming schemes more vulnerable to the future climate changes.
Other various local, national and global reports coincide with data analysed from

farmers perception, interviewees and field observations as well.
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CHAPTER 8: VULNERABILITY OF DRY LAND IRRIGATION FARMING
SCHEMES AGAINST CLIMATE CHANGE IMPACTS.

8.0 Introduction

The manifestation of climate change impacts on dry land irrigation farming can be
clearly described not only by its impacts it has; but also by how it makes farming
schemes (dry land irrigation) exposed and more sensitive to future climate change
impacts and other impacts as well. In this chapter the vulnerability (exposure and
sensitivity) of dry land irrigation farming against climate change impact is described
in depth. The chapter start by presenting general overview about vulnerability of dry
land irrigation farming schemes against climate change impacts. Then, it describes
how farmers understand vulnerability and how the dry land irrigation farming
schemes is vulnerable to climate change. The chapter presents which factors expose
the dry land irrigation farming schemes to climate change and explain how potential

sensitive factors render the farming schemes more vulnerable to other future impacts.

Finally, the chapter describes risks associated with dry land irrigation farming
schemes in the study area as well as analyse key indicators that determine its
vulnerability to climate change impacts. Other factors which influence some changes
in the farming practices and affects dry land irrigation farmers are also described here.
The information from respondents presented here reflects what and how exactly dry
land irrigation farmers perceive to be the effects of the climate change impacts that
makes dry land irrigation farming schemes vulnerable to climate change. The
threshold limits (vulnerability) for dry land irrigation farming schemes against climate

change impacts is also described here.

8.1 General Overview of Vulnerability

Dry land farmers were asked to describe vulnerability in different aspects with regards
to how their farming schemes experience harm in response to climate variability as
well as other internal factors. The results from the analysis of the farmer’s responses
showed that dry land irrigation farming schemes is vulnerable to climate change
impacts. Farmers in the study area identified several factors that making dry land

irrigation farming schemes vulnerable to climate change impacts. The major factor
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include extreme temperature (53.1%) which cause crop wilting and low yield
followed by soil erosion (34.9%) from heavy rainfalls (see table 8.1 below). Other
factors mentioned includes weed and pest infestation (8%) that increases the cost of
farming and affects crop performance and yield as well as reduced water (4%) from

reservoirs due to extreme temperature and frequent dry spells.

Table 8.1: Factors making farming schemes vulnerable to climate change impact

Vulnerability of dry land irrigation Main causes Responses
farming schemes against climate change N %

Crop wilting and low yield Increasing temperature 93 | 53.1
Soil erosion and crop damage Heavy rainfall 61 | 349
Reduced water or excessive evaporation Extreme temperature 7 4.0
Pests and Weed infestations Heavy rainfall 14 8.0

Source: Mhagama, 2014

Although there are diversity in the response of the farmers based on vulnerability;
arguably the degree to which dry land irrigation farming schemes are exposed and
susceptible to or unable to cope with adverse effects of climate change impacts have
been clearly depicted in the study area. By using basic components of vulnerability in
this study; the sensitivity, exposure and ability of the farmer to adapt and cope with
the changes have been described. Other factors and conditions determining the
vulnerability of farming schemes in the study area have been also considered so as to
find out more about the interconnectedness of climate change impact and other

influencing factors.

8.2 Farmers Knowledge on the Vulnerability of Dry Land Irrigation Farming
Schemes to Climate Change Impacts.

The vulnerability of farming community’s particularly irrigation farmers can be
quantified using several ways. Before analysing vulnerability, farmer’s knowledge on
the aspects of vulnerability to climate change impacts is of paramount importance.
The main focus is to explore vulnerability of dry land irrigation farming schemes
against climate change impacts with an in depth examination of the underlying
biophysical and socio-ecological as well as other factors that determine how farmers
respond to and cope with climate change impacts along Ruvuma Basin. In this study;

farmer’s knowledge on vulnerability were presented. The exposure (biophysical
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factors such as temperature and rainfall variability) and socio-ecological (farming
practices, entitlements) and its (in) ability of a systems or people (farmers) to cope

with the stress/disturbance (stressors) along the Ruvuma Basin, were presented.

The analysis shows that, women in the study area have more knowledge on how dry
farming is vulnerable to climate change (62.6%) compared to men (37.4%). During
field observation, the study found out that women were more involved in the farming
(vegetable production) compared to men which explain about the differences in
understanding about climate change. Response from one of the interviewees yielded
similar results where respondent (KI,04), a vegetable farmer from Mpapura village
has this to say with regarding her knowledge on vulnerability:-

“Our irrigation farming is vulnerable to climate change impacts due to high
temperature, lack of water during dry season, strong wind and other factors ... Luckily
some of us have more knowledge than others. Since our childhood, women in this
village have been working on the farm side by side with our mothers. Myself, 1
learned all problems affecting dry land irrigation and I don’t need industrial
pesticides or modern technology to encounter the problem..... Through experience, 1
Jjust simply apply the knowledge I have....For example sometimes I change cropping
pattern...either planting vegetables following water course..., or as water level
decreases..I also reduce the size of my farm plots so I don’t incur too much cost. In
some drier months, I have to change type of crops (plant crops that withstand dry

condition) or watering vegetables twice per day”.

Majority of the respondents (see table 8.1 above) in the study area revealed that dry
land irrigation farming schemes is vulnerable to climate change impacts through crop
wilting (53.1%) due to extreme temperature followed by increased floods events
(34.9%) which cause soil erosion due heavy rainfall and salt accumulation (4%) as
well as weed and pest infestation (8%). In terms of different farming schemes existing
in the study area, farmers who depend on surface water were seemed more vulnerable
to climate change impacts than farmers depending underground water for irrigating
crops (table 8.2). Apart from quick and easy access (increased competition from the
farmers), surface water in the study area is prone to excessive evaporation due to
extreme temperature compared to water from river course (canal irrigation) and

ground water (dug-out ponds) sources.
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Table 8.2: The Vulnerability of different farming schemes to climate change

Farming schemes practiced Observation Percentage
Artifial ponds (Ndiva or lambo) 55 31.4%
Small dug-out ponds (vinyungu) 44 25.1%
River channels or canals (mifereji) 35 20.1%
Others (use manual pump or soil moisture) 41 23.4%

Source: Mhagama, 2014

During field walk, observations showed that subsistence farmers in the study area
were seemed to be more vulnerable to climate change impacts compared to mixed
farmers i.e crops and livestock keepers. This is because subsistence farmers require
more water (moisture) for their crops due to poor methods of farming practised such
as flash and canal irrigations. Their culture of depending entirely on one type of crops
or farming only makes farming schemes more vulnerable to climate change impacts
compared to mixed farmers-crops and livestock keeper who are well adapted to the

existing stimuli.

In general women and casual labour seems to have a good understanding about how
their farming systems is vulnerable to climate change impact compared to men since
women and working force involve more in agricultural production particularly dry
farming compared to men and older farmers. There were complexity and diversity in
farmer’s responses with regards to the occurrence of vulnerability. When farmers
(respondents) in the study area were asked to explain the frequency of the problems
mentioned in table 8.1 above (vulnerabilities of dry land irrigation farming schemes);
majority of the farmers mention that crop wilting occurs once at the end of the dry
season farming due to increased dry condition and extreme temperature followed by

others mentioning the increase in floods and soil erosion (figure 8.1).
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Figure 8.1: Frequency, duration of occurrence of climate change problems. Mhagama, 2014
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The diversity and complexity of their responses are signalled by farming experience,
water source availability, resource endowment and access to information. For
example lack of farm inputs (improved seeds, manual pump) and less experience in
farming may make farmers to respond differently with regards to frequency and
severity of crop wilting caused by increase in extreme temperature. Farmers with
more experience may respond once at the end of dry season farming (due to water
shortage) while less experienced farmer might mention every time he/she practise
farming. Through discussion with interviewees in Mbuo, Mpapura and Mkwaya
villages; respondents mentioned that lack of access to frequent information and
knowledge about climate change impacts, improved farming, adaptation measures as
well as markets prices; increasingly makes the farmers vulnerable and exposed their
farming schemes to other set of stressors such as high cost of production or pests and
diseases that attacks crops. One of the respondent (KL01), a tomatoes farmer from
Mbuo village said that:-

“We are used to trial and error type of irrigation farming...this is because majority of
us has no connection with other experienced farmers from well-established irrigation
schemes like Kitere...I had received very few training or information from
agricultural extension officer pertaining to improved farming methods or how to
combat pest or any crop diseases...which makes us less adapted to climate change
impacts. Our fellow farmers from well-established irrigation schemes gets farm

related inputs and trainings for free. We are just on our own”.

The information provided by interviewees in Mbuo, Mpapura and Mkwaya villages is
contrally to the information provided by District Agricultural Officers from both
district visited as they said that they have yearly agricultural calendar and plan of
action for each village regarding wet season farming (rainfed farming) and dry season
farming (dry land irrigation farming schemes). They narrated that they visit each
village and hold meetings with farmers, train them and provide them with new inputs
whenever available regardless of the nature and scale of farming. Agricultural Officer
from Ruangwa District justified the reality of what they are doing by saying that:-

“Problem with farmers is that, majority of them don’t attend meetings once they know
the “agenda” (if there is no tangible benefits like cash or free farm inputs). Though
some of these meeting are a stepping stone to other benefits or action plans, but other

farmers don’t take it seriously ..., (Ruangwa District Agricultural Officer)”.
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8.3 Details of Vulnerability of Dry Land Irrigation Farming Schemes to Climate
Change Impacts in the Study Area.

In the existing literature there are considerable diversity of theories and definition
describing the term vulnerability; however, in this study the term focused on the
exposure and sensitivity of dry land irrigation farming schemes to climate variability
(temperature and rainfall) relative to a threshold of damage (stress/disturbance), and
(in) ability of dry land irrigation farmer’s to adapt and cope with these changing
conditions. In the study area, the three elements: i.e exposure, sensitivity, and adaptive

capacity were described as follows:-

8.3.1 Factors Exposing Dry Land Irrigation Farming Schemes to Climate
Change Impacts in the Study Area

In the study area; farmers were asked to describe what conditions expose the dry land
irrigation farming schemes to climate change impacts? Results in table 7.1; indicates
that majority of the farmers (57.1%) mention that extremes high temperature
condition expose the farming schemes to climate change impacts as high temperature
cause excessive evaporation which cause crop wilting and reduce crop productivity as
well as crop yield per season. Increased temperature cause excessive evaporation and
an increase in time and cost of tending the crop (watering) which increasingly makes
irrigation farming schemes less desired by poor farmers and unsuitable. High
temperature condition also expose the farming schemes to other set of stressors such
as pests and diseases that attacks crops thus increasingly making the farming schemes
more risky and vulnerable. With regards to farming season, dry season (35.2%)
seemed to be more exposed to high temperature while wet season (18.3%) is affected
by frequent dry spells (Table 8.3). Apart from high temperature variability; farmers

mentioned that strong winds (8.4%) affect their crops due to loss of moisture.

Table 8.3: Factors exposing farming schemes to climate change impacts.

S/N | Farming Factors exposing farming schemes

season High temp. | Dry spells Strong wind | Heavy rainfall
N Y% N Y% N Y% N %

1 Wet season 8 4.6 32 | 18.3 1 0.6 6 3.4

2 Dry season 57 | 35.2 0 0 8 4.3 1 0.6

3 Both wet and 19 | 10.7 | 34 | 193 1 0.6 4 2.1
dry season

Percentages 51.5% 37.6% 5.4% 6.1%
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Although study area lies close to the coastal area; prevailing winds seemed to be not a
big problem to the dry land irrigation farmers. Farmers in other villages seemed to
cope very well with windy conditions. However, during field visits; observation
showed that villages in Lindi and Mtwara rural districts are prone to coastal prevailing
winds particulary Mbuo, Mpapura and Mkwaya villages. In general both seasons in
the study area are more exposed to high temperature, frequent dry spells and strong
winds which make dry farming schemes very difficult as both factors contribute to
crop wilting, loss of moisture and reduced water level due excessive evaporation. Dry
land irrigation farming schemes in Mtwara Rural District (Mbuo, Mpapura villages)
and Lindi Rural District (Mkwaya, Mnazi Moja Villages) seemed to be more
vulnerable due to its exposure to increased temperature and influence of wind
conditions that cause excessive evaporation compared to Ruangwa District (Chimbile,
Chiheko Villages) where irrigation farming is more exposed to frequent heavy

rainfalls that cause floods, weeds and pest infestation (figure 8.2).

25 B High temp
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O Freq. Dry spells
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Mbuo Mpapura  Mkwaya Mnazi Moja Chimbile A Chiheko

Figure 8.2: Factor exposing dry land farming schemes to climate change. Source:
Mhagama, 2014
Though increased rainfall condition occurs during wet season, the impact is felt
during dry season as rainfalls cause water stagnant, pests and weed infestation which
in turn increase the cost of tending the crops and land preparation during dry season.
These conditions are major threats to dry land irrigation farming schemes in the study
area as they expose the farming schemes to climate change impacts, which makes it
more vulnerable and risky. As a result the farming schemes become vulnerable due to
reduced productivity (crop yield per season) and increased cost of farming per
hectares or plot of land. Through interview with participants; they mentioned that

apart from temperature and rainfall variability; other extreme weather conditions that
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expose dry land irrigation farming schemes and makes it vulnerable are frequent dry
spells and strong prevailing winds. Meteorologist from TMA, Mtwara said that:-
“Frequent dry spells and strong winds take away or absorb all moisture present in
the soil; thus reduce water available for maximum crop productivity which makes the
farming more vulnerable to disease and pest attacks. Crops also lose value and

market due to poor quality...farmers rarely notes the effects of wind”.

The exposure of farming schemes to climate change variability cannot affects all
farmers equally due to many reasons. Crops produced around wetter areas such as
Mnazi moja valley and highland areas Chimbile A and Chiheko villages seem less
likely to suffer climatic extremes (particularly high temperature) compared to other
villages such as Mbuo and Mpapura which are located on drier areas. In the study area
when farmers were asked to describe who is at risk of exposure to climate change
impacts; all indicated that they are at risk. However, there were inconsistency in their
answers as field observation showed that location of the farm plot (those located
adjacent to water sources), resources owned (owning pump or cash to hire labour) and
experience (improved farming such as mulching, crop selection) played an immense
roles in reducing the risk of exposure to climate change variability particularly
extreme temperature. For example, farmers having farm plots located adjacent to river
banks and bottom valleys (though affected by flooding during heavy rainfalls); the
same farm plots are less exposed to high excessive evaporation as during the dry
season same fields becomes suitable as they have more fertile soil and enough
moisture. This is contrally to the farms located at a distance far from the river banks
or bottom valleys as these fields becomes unusable during the dry seasons as they lose
soil moisture more quickly and become arduous as the cost of labourer needed to

irrigate or watering the crops is so high that some of the farmers cannot afford it.

The vulnerability of dry land irrigation farming in the study area is also related to the
degree at which the farming schemes are constantly exposed to long-term changes in
climate conditions (climate variability) including the magnitude and frequency of
extreme events such as exposure to high temperature, heavy rainfalls, frequent dry
spells and strong winds. The existing temperature data from Climate Portal (TMA)
shows that the average annual temperature in Tanzania has already increased by 1.0°C

since 1960 while IPCC (2014) indicate that mean annual temperatures in the country
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is projected to rise by 2.2°C by year 2100, with increases concentrating over June,
July and August. These are expected months for dry season farming practices to take

place which indicates the future vulnerability of dry land irrigation farming schemes.

In terms of rainfalls; Mtwara and Lindi regions are areas that receive a unimodal type
of rainfall, hence making dry season farming very difficult as majority of the farmers
solely relies on availability collected surface water. Any decrease in amount of
rainfall affects the available water in reservoirs for irrigation farming during dry
season. At the same time the Homogeneous hidden Markov Model (NHMM) has
predicted reduction of total annual rainfall (decrease by 2.8mm per month). This
reduction is expected to affect total water availability in various water sources needed
for dry season farming. This explains that, the larger the changes in the climatic
variables, the more difficulty dry land farmers in the country are expected to have in
adjusting to these changes and consequently this is going to affects crop performance

and hence reduce yield potential making the farming vulnerable to any other stressors.

8.3.2 Sensitive Factors Affecting Dry Land Irrigation Farming Schemes to
Climate Change Impacts in the Study Area

Sensitivity is one among the factors identified by the respondents as having a
significant impacts in exposing their dry land irrigation farming schemes to climate
change impacts and thereby making their farming more vulnerable to existing and
future climate change impacts. Although it is increasingly accepted that the
vulnerability of dry land irrigation farming community to climatic conditions is solely
based on the quantification of biophysical impacts, other factors such as sensitivity
(poor farming practices and lack of resources) that exposes farming schemes to
climate change impacts should not be ignored. Sensitivity has been described as one
of the most important variables attributed to the vulnerability of irrigation farming
schemes to climate change impacts (Majule and Mwalyosi, 2007; Deressa et al.
2008). In the study area, the sensitivities of dry land irrigation farming schemes to
climate change impacts is represented by social attributes such as poor soil
conditions, poor farming practices, resources owned and entitlements. These factors
coupled with greater frequency of dry spell, extreme dry condition and soil erosion

from heavy rainfalls makes farming schemes responds negatively (i.e., reduced yield).
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a) Poor Soil Conditions
Respondents in the study area mentioned that poor soil conditions such as acidic soil,
clay soil and sandy soil affects their dry land irrigation farming schemes (figure 8.3).
The acidic soil were common around wetlands Mbuo and Mpapura villages (11.3%)
while sandy soil were common around river banks of Mkwaya and Mnazi Moja

villages (12.3%) and clay soil was common around bottom valleys of Chimbile and

Chihiko villages (17.1%).

18 B Acidic soil
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Mbuo Mpapura Mkwaya Mnazi Moja Chimbile A Chiheko

Figure 8.3: Soil distribution and their impacts. Source: Mhagama, 2014

The above mentioned soil conditions such as sandy and clay soil have substantial
contribution to the farming community around the study area; however their downside
effects are distressing and gloomy in dry farming practices. Lindi Rural District
Agricultural Officer justifies the above explanation by narrating that:-

“Riverbanks and flat valleys have sandy soils with poor water holding capacity,
hence increased cost of watering crops especially for farm plots located far from
water sources. Areas with acidic soil condition have poor fertile soil which affects the
growth of crops (it prevent absorption of certain plant nutrients from soil, hence
stagnant growth). Bottom valleys with clay soils are fertile, with a lot of humus and
are good in retaining water.... However the soils are very sensitive to heavy rainfalls
(creates water logging condition-plant rot) and when exposed to high temperature the
clay soil dries-out hard and cracks hence not good condition for seasonal crops”™

(Agricultural Officer, Lindi Rural District Council).

These soil conditions in the study area makes farming schemes vulnerable as they

contain poor nutrients with low moisture holding capacity and are easily prone to soil
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erosion. Both these factors affect crop productivity and crop yield. Regarding soil
conditions; the study area lies along the coastal low land area which is characterised
by deep, well drained, sandy soils of low fertility and low moisture holding capacity.
Other study findings supplement farmer’s perception on soil conditions and their
effects on agricultural productions in the study area. Characteristically, the soil is
sandy with 88% sand, 2% silt and 10% clay (Naliendele Agricultural Research
Institute). The coastal agro-ecological zone is prone to many problems such as poor
soil fertility, shifting cultivation, frequent bushfires, deforestation and charcoal
production as well as soil erosion. In generally, the soil is strongly acidic (pH 5.30)
with possible depletion of most major soil nutrients due to continuous poor farming
practices. According to Majule and Mwalyosi, 2003; total soil nitrogen (0.4%), soil
organic carbon (0.5%), soil available phosphorus (3.19 mgP/kg) and extractable
sulphate (8.96 mgS/kg) are all very low indicating how sensitive the soil is to sustain
crop productivity in addition to climate change problem. The soil needs improvement
in terms of organic matter, nitrogen and other major nutrients particularly available

potassium (P) if crop productivity is to be enhanced and sustained.

b) Poor Farming Practices
With regards to poor farming practices, majority of the farmers in the study area are
subsistence farmers cultivating both wet and dry season farming using hand hoes.
Crude methods of farming such as shifting cultivation (13.9%) and slash and burn
agriculture (11.2%) were very common around study area (figure 8.4 below).
Rotational fallow seemed to be practised more in Chimbile A (7.5%) and Mkwaya
(4.3%) villages. In few cases, farmers were observed using herbicides to clear the land
during midst of rain season for planting crops as well as controlling weeds. These
methods exacerbate the effects of climate change by exposing the agro-ecological
system (irrigation farming) to the risk of climate change impacts while rendering poor

farming communities unable to respond, adapt and cope with ongoing changes.
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Figure 84 Poor jarming practices practised by jarmers in the study area. Source:

Mhagama, 2014.

During field visits, different variety of crops such as eggplants, tomatoes, okra, green
vegetables and pumpkins were seen planted all together (zigzag way) in one field
(mixed farming). Some farmers indicated that mixed farming is an efficient way of
utilizing a plot of land (crop coverage and varieties) as well as in case one crop fail,
they still have yield from other crops. However the drawback to these methods
contributes to intensive cultivation and depletion of nutrients as some crops require
more water and nutrients uptakes than others. Other negative aspects of mixed
farming are that when there is an outbreak of crop pest; it always spreads to other
crops and makes pest control a bottleneck. Farmers without mixed farming knowledge
may refuse to repeat planting similar crops next season fearing crop pest. Thus mixed
farming if not careful practised, can make irrigation farming vulnerable as it expose
crops to pest attacks that reduces crop performance and crop yield and thereby

making farming schemes vulnerable.

Very few farmers practices monoculture under irrigation farming schemes in the
study area. Majority of irrigation farmers practices mixed faming, meaning that there
are intensive cultivations or land utilization per field which contributes to nutrients
depletion as well as soil contamination from salt as a result of excessive evaporation.
There is intensive use of land in the six villages studied; however field observation
indicates that about 50% of field are utilized while most of the remaining field are left
unattended. Though dry season is very short, field observation showed that fallow
period being practised where some fields are cultivated once and left unattended for

two years or sometimes more than that.
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Respondent (KI,18) from Chiheko village (an eggplant and okra farmer) testified the
above information by saying that:-

“We don’t own large parcel of land...so fallow period is a common practise since we
can utilise the same piece of land for both wet and dry season farming... This practise
affects our farming as the soil loose fertile very quickly....Moving to a new plots/fields

depends on several factors such as loss of soil fertility that is determined by
performance of crops on the land (previous cultivation), previous harvest (quantity
and quality of volume harvested for a particular crops) and the type of crops planted

on previous fields”.

Field observation showed that loss of soil fertility in most cases have been contributed
by extensive use of field (mixed farming-several crops per fields); continuous shifting
cultivation as well as slash and burn agriculture which repeatedly lead to the loss of
biomass and inability of the soil to recycle nutrients. Other factors includes erosion of
top fertile soil (soft black cotton soils) due to removal of vegetation and application of
herbicides that kills all biomass and other organisms responsible for recycling
nutrients such as ants and earth worms. Signs of deforestation, logging, and charcoal
making were also common in the study area indicating intensive use of natural
resources and land degradation. Land degradation reduces the productive capacity of
land which consequently affects crop performance and yield hence making a

production of a particular crop unsuitable.

In general, poor farming practices makes dry land irrigation farming schemes very
sensitive and vulnerable since it expose the farming schemes to the ongoing climate
change impacts such as soil erosion from heavy rain falls. Poor farming practices also
makes soil not suitable for crop cultivation as well as prone to soil erosion during
heavy rain falls and thereby reducing the suitability of the land to produce maximum
yield thereby increasing vulnerability of the farming schemes against climate change
impacts. Thus without improved farming, the existing farming practices will continue
to affects crop performance due to poor nutrients and thus making farming schemes

very vulnerable to future climate change impacts.
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¢) Lack of Resources and Entitlements
From the data, it can be seen that the vulnerability of dry land irrigation farming
schemes is not contributed by exposure and sensitivity of the farming to climate
change impacts alone but rather by other multiple factors such as lack of resources
and entitlements. Poor farmers who are economically disadvantaged and lacks
necessary inputs (such as improved seeds, manual pumps) for irrigation farming
practices are more vulnerable as they are easily exposed and unable to cope with
climate change impacts such as increased temperature and shortage of water. Most of
the farmers depends on surface water from ponds, streams or rivers. Thus inability to
access water throughout the farming season such as underground water can make a
farmer more vulnerable as he/she lacks the means to cope with shortage of water and
increased temperature during the midst or end of dry farming season which is the peak
of irrigation farming season. Availability of resources means that even when dry land
irrigation farming season fail suddenly as a result of increased temperature, crop pest
attacks, market failure or water shortage; farmers can still absorb the shock/stress and
continue with other livelihoods. Farmers in the study area identified few resources
such as livestock’s (goats, cattle, sheep, chicken); access to forest products (poles,
timber, charcoal); quarrying (sand, pebbles, stones) and other assets which they can

sell and use the income earned to offset the emerged shock (figure 8.5).
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Figure 8.5: Resources owned by farmers in the study area. Source: Mhagama, 2014

The result above also indicates that Mtwara rural district (Mbuo and Mpapura
villages) has highest rate of deforestation (land degradation) compared to Lindi rural
district (Mkwaya and Mnazi moja villages) and Ruangwa district (Chimbile A and

Chiheko villages) as farmers there have abundance forest products such as timber,
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poles, charcoal that they can utilize in case of failure in irrigation farming.
Dependence on one type of resources indicates how vulnerable the farmers are since
in case of any disturbances or shock from climate change impacts, it makes the

farming scheme more vulnerable due to lack of livelihood diversification.

This also makes farmers scared of repeating farming the next season as justified by
respondent (KI,05), a collard green and spinach farmer from Mpapura village who
said that:-

“I am known here as the father of spinach, but I once nearly lost everything due to
crop pest attach ... a small caterpillar that ravaged my entire spinach farm and it was
very hot season... The next year, I was afraid of repeating the same crop, so I tried
collard green and it worked...the only thing that saved me was chicken...without

selling my chicken, life would have been very hard”.

During field observation, few farmers in Mbuo and Mkwaya were seen using manual
pump to pump water and irrigate crops especially when the water levels falls below
threshold points (point that watering the crops using buckets becomes difficult)
compared to farmers in other 4 remaining villages. Farmers in Ruangwa district
(Chimbile and Chiheko villages) were seen easily accessing underground water (using
vinyungu/dug-out ponds) and cope better with irrigation farming throughout the dry
season compared to Mtwara and Lindi rural district (Mbuo, Mpapura, Mkwaya and
Mnazi moja villages) who use surface water (ndiva/ponds or river/canals). When
there are water shortages or crop failure, farmers without access to other means of

livelihoods normally abandons their farming schemes.

In most rural areas; poor farmers without access to other resources or different source
of income are often exposed to climate change impacts and are more sensitive as they
cannot cope with marginal changes in their yields or income, whereas farmers with
diversified income or resources can cushion their loss by depending on savings or sale
of some of their assets. An inherent lack of agricultural subsidies (improved seeds,
manual pumps) and horticultural trainings from relevant authority as well as other key
stakeholders makes the farmers powerless and easily affected by exposure to climate
change impacts which affect their farming schemes and crops. Additionally, farmers

with no relevant information on climate change are exposed to various effects of
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climate change impacts such as information on moisture availability, intensity and
duration of sunshine during dry season which can affect planted crops negatively.
Such lack of advisory agricultural services is serious agenda particularly in dry
irrigation farming where water fluxes; temperature variability and pest control are
issues of concerns for reducing vulnerability and thereby maximizing crop

productivity and yield.

In spite of the different factors making dry land irrigation vulnerable to climate
change impacts; exposure to climatic variability (temperature and rainfalls) had
emerged to be critical to farmers’ perceptions as it affects water availability and
contributing to crop wilting which are the core foundation for crop performance,
productivity and yield in dry land irrigation farming schemes. Similar studies around
irrigation farming communities in Tanzania have produced the same results
(Mkavidanda and Kaswamila, 2001; Majule and Mwalyosi, 2003; Sokoni and
Shechambo, 2005; Sanga et al. 2013) indicating how vulnerable irrigation farming

scheme is to climate change impacts.

8.3.3 Adaptive Capacity of Dry Land Irrigation Farming Schemes.

As identified in the conceptual framework; adaptive capacity is ‘the whole of
capabilities, resources and institutions mechanisms and strategies designed and set-up
to implement effective adaptation measures’ to cope with exposure to hazards such as
climate change impacts. In this case adaptation in the study area is the adjustment in
socio-ecological systems (irrigation farming schemes) in response to actual increase
in temperature or rainfalls or expected uncertainties such as water shortage, increasing
sun intensity (scourging sun) and moisture loss. Thus (in) ability of farmers to
implement effective measures to deal with the impacts of climate change variability in
the study area can make dry land irrigation farming schemes more vulnerable and fail
to respond to climate change impacts and thereby makes farming vulnerable to

climate change impacts.

In the study area, few farmers fail to respond, cope and adapt to climate change
impacts due to lack of farm resources and lack of farm knowledge or skills as well as

due to poor institutional setups which makes farmers to fail in moderating harm from
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climate change impacts or fail to exploits beneficial opportunities such as flood water
resulting from climate change impacts. Chapter 9 provides details of adaptive capacity
of dry land irrigation farming schemes to climate change impacts in the study area.
Analysis of these details (adaptation and coping strategies and determinant of choice
of coping strategies) will determine the vulnerability as well as resilient of dry land

irrigation farming schemes in the study area.

8.4 Risks Associated With Dry Land Irrigation Farming Schemes.

Dry land irrigation farming scheme is an inherently risky practices. Generally,
irrigation farmers are faced with a wide range of risks such as variability in weather
condition, pest infestation and crop diseases that reduces crop quality and crop yield
and thereby affects income earned as well as food security. The risk associated with
dry land irrigation farming in the study area is very high as the dry land irrigation
farming schemes becomes highly vulnerable due to its exposure to climate change
variability (temperature, dry spells and rainfalls) and its sensitivity due to poor
farming practices as well as lack of resources and inability of farmers to respond and
cope with climate change impacts which makes irrigation farming very risky business
to undertake in the study area. Farmers in the study area mentioned that risk
associated with dry land irrigation farming includes crop failure (11.4%) and reduced

yield (7.9%) as well as low crop quality (5.4%) production (figure 8.6).
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Figure 8.6: Risk associated with dry land irrigation farming. Source: Mhagama, 2014
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Although in this study, the risk described is associated with the impact of climate
change on dry land irrigation farming schemes but risk can also arise from the
combination of an event, its likelihood of occurrence and its consequences. It is
difficult to assess who is at risk, at what point and what kind of risk as the farming
schemes’ exposure to climate change impacts and its sensitivity combined with
different set of other stressors can affect individual farmers differently from season to
season. This indicates that farmers’ perception on risk associated with climate change
impacts in the study area is difficult to quantify and their perception did not describe
or provide the whole scenario considering other risky events. To ascertain the above
dissimilarity in what farmers’ perceived and reality; other methods including field
observation were very important in verification. During field visits in both villages, it
was observed that apart from risk associated with climate change impacts; the risk
encountered in dry land irrigation farming schemes are associated with poor decision
making stemming from commencement of dry season farming as well as lack of

access to raedy market for their freshy produce.

Field observation showed that risk starts with farmer’s poor decision in site selection,
land preparation, seed selection (type and variety of crop) and which farming
methods to employ during crop tending. For example; poor site selection and land
preparation might lead to additional cost of tending the crops which affects farmers
already constrained income while poor seed selection and poor farming methods
might lead to poor crop performances and crop productivity resulting in poor crop
quality and low crop yield which automatically affects crop market price (income
earned) as well as food security of the farmers. Collectively, these factors increasingly

make dry land irrigation more vulnerable and a very risky business in the study area.

The irrigation farming practices becomes even more risky when the crops produced
under the effects of climate change impacts (constraints from increasing temperature
and crop wilting) affect the crop performance and productivity. This in turn affects
crop quality and yield that consequently is incorporated in the market price for the
vegetables produced (low price) and low income earned by the farmer. Any small
changes in aggregate supply from the farm (in terms of quality and quantity of the
vegetables produced) can lead quickly to substantial changes in price which affects

farmer’s decision for the next farming season. In additional, poor crop produce
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coupled with low yield and low price can also impact food security for poor farmers
which were the primary basis for production. Due to poor quality; most of the
vegetables produced by poor individual farmers fail to compete with vegetables
produced by farmers coming from other well established irrigation farming schemes.
This is due to inability to take risk and learn new and improved methods of farming
which produce crops with high quality. Majority of the farmers in the study area are
risk averse (avoiding taking risks) while few farmers in the study area are risky takers
as they are more open to risky due to their attitudes in testing and trying other option

of improved farming practises.

Finally, through interviews and discussion with FGD, the risk associated with dry
land irrigation farming schemes in the study area as a result of climate change impacts
also surfaced clearly and strongly. During discussion with most interviewees, crop
failure, poor crop quality and reduced yield were strongly reiterated with some
examples related to the impact in market price for the vegetables harvested. One of
the respondent (KI,11), a vegetable and tomatoes farmer from Mnazi moja village to
had this emotional story to tell:-

“Though the risk of water shortage and crop wilting due to excessive evaporation and
increased temperature during dry season farming is very high, our farming business
is not as bad as people think... The only thing that ruin our dry land irrigation farming
and makes us penury is poor decision making during farming that arise from lack of
knowledge and experience in vegetables farming as well as lack of agricultural

inputs, horticultural trainings and good market for our produce”.

There were few uncertainties related to farmer’s perception on risk resulting from
climate change impacts, however field observation combined with qualitative data
from interviewees and FDG’s provided a clear signal to discern upon the risk
associated with climate change impacts as perceived by farmers, interviewees as well
as ground observation in the field. This was very important because, though with
various set of stressors and threats that affected individual farmers differently; a
common message emerged from all their responses and converged at a single point
which tends to be more associated with vulnerability (exposure) to climate change

risks than from sensitivity and inability to adapt to the ongoing changes.
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8.5 Indicators Showing Vulnerability of Dry Land Irrigation Farming Schemes.

Perhaps one of the most neglected aspects of vulnerability assessment is the evaluation of
different key indicators showing vulnerability due to their variations and
characteristics. In the study area; indicators used in evaluating vulnerability of dry
land irrigation farming schemes vary due to different aspects such as type of crops
produced, dependence on source of water, farming resources used as well as soil
characteristics. Apart from variation, these indicators act as proxies for vulnerability
to future changes which makes it difficult test the validity of indicator sets. The
usefulness of indicators depends on how they are employed to make decisions on risk.
Thus, in vulnerability assessment; common key indices are very important in
evaluating the assessment of vulnerability to climate change impacts in livelihood
activities such as irrigation farming. Such indices are relevant, particularly in showing
how vulnerable irrigation farming communities and their irrigation farming schemes

are exposed to climate change impact in the study area.

In order to assess vulnerability in the study area, I used farmer knowledge to
identified significant biophysical and socioeconomic factors that influence dry land
irrigation farming schemes. Farmers were asked to identify what key indicators which
indicate dry land irrigation farming schemes’ vulnerability to climate change impacts?
Majority of the farmers (39.3%) mentioned extreme temperature and strong winds
while others (26.3%) mentioned soil condition (acidic, alkaline or colour) and low
crop yield (24.7%) was also mentioned by the farmers followed by reduced surface
water availability (9.7%) as an indicators showing failure of irrigation farming or the

vulnerability of dry land irrigation farming (figure 8.7).

surface water
availability, 9.7%

Extreme temp and
wind, 39.3%

Reduced crop yield,
24.7%

Soil condition, 26.3%

Figure 8.7: Indicators showing vulnerability of dry land irrigation farming schemes.

Source: Mhagama, 2014
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To understand further how these indices are used to indicate vulnerability of dry land

irrigation farming schemes against climate change impacts in the study area; farmers

were asked further to rank and describe why they have perceived those indices as

threats and indicator of vulnerability. Analysis in table 8.4 below provide explanation

as to why farmers chose the above indices as indictors showing vulnerability to

climate change impacts for their irrigation farming schemes.

Table 8.4: Reason for choosing indicators showing vulnerability.

Indicator Description of | Unit of | Relationship Anticipated

the indicator measurement | between indicator | impacts
and vulnerability

***Tempera | High Rate of | The higher the | Crop wilting,

ture and temperature evaporation, evaporation, or | poor crop

strong wind | (intensity  of | rate of irrigation | water used for | performance,
scourging sun); | or crop | irrigating crops the | leading to low
strong  winds | watering higher the | yield
(blowing) vulnerability

*Soil Soil acidic or | Soil pH, soil | The poor the soil | Decreased

condition alkaline;  soil | colour, humus, | fertility and poor | soil fertility,
characteristics- | vegetation crop performance | Poor crop
soil  fertility, | cover, soil | the  higher the | performance
texture, colour | erosion vulnerability

**Reduced | Low crop yield | The harvested | The lower the | Decreased

crop yield volume per | volume harvested | household

field or per plot | the  higher the | income and
(<ha) vulnerability food security

*#*Surface | Reduced Water level in | The lower the water | Poor crop

water surface  water | various level (midst of dry | performance,

availability |in the ponds, | reservoirs and | season  farming), | low crop
reservoirs ponds the  higher the | yield, cost of

vulnerability watering

*** _ Very high vulnerable;

**_ High vulnerable;

*_ Vulnerable

During field visits, observation shows that areas with more productive soil and more

surface water available for the irrigation farming were less vulnerable to adverse

climatic conditions and farmers were better adapted to cope with the changes than

areas with poor soil and less water. Though majority of respondents in the study area

mentioned indicators of vulnerability as describes in table 8.4 and figure 8.7 above;

further analysis of field observation showed that farmers with more resources and

diversified income like land, livestock’s and farm inputs such as manual pump and

improved seeds were seen to cope with dry season farming better than their

220|Page




counterpart. Additionally, availability of resources and alternative income to some
farmers seemed to cushion them from exposure to vulnerability and makes irrigation

farming practices less sensitive to climate change impacts.

Majority of information from interviewees and participants in FGD’s disagree with
the indicators mentioned by the farmers in table 8.4 and figure 8.7 above. Discussion
with FGD’s in Mpapura and Mkwaya villages indicates that the indices mentioned
above are common characteristics in their farming schemes as they have to overcome
these challenges daily in order to reap a good harvest from dry season farming. The
FGD’s in Mnazi moja and Chimbile villages mentioned that though water levels may
fall below threshold during dry season, the high intensity from scourging sun is
something they have to encounter yearly though ought their life. Further discussion
with FGD’s in Mpapura and Mkwaya villages; mentioned that coastal area is affected
by extreme hot condition and strong wind which is normally blowing during dry
season affecting soil moisture and surface water availability. Both participants agreed
that at the end of dry season, the water levels decreases due to excessive withdraw and
increased water competition from different competing end users. Discussion with
interviewees yielded new information as they described additional indicators to the
above mentioned by the farmers. The additional indicators mentioned by interviewees

are described in summary as indicated in the table 8.5 below:-

Table 8.5: Indicators of vulnerability as described by interviewees.

Indicator Description of | Unit of | Relationship Source of
the indicator measurement | between indicator | information
and vulnerability
Abandoned Un-used land | Number  of | The higher the | Mpapura,
farms (fallow) though | field plots | number of farms | Mkwaya,
high  demand | abandoned or | abandoned indicate | Mbuo,
for irrigation uncultivated | high vulnerability
Source of Dependence on | Number  of | Lower number of | Chimbile A,
water one source of | water sources | water sources | Chihiko,
available water for | (ponds, rivers, | available, increases | Mbuo and
irrigation underground) | the vulnerability Mpapura
Farm Availability of | Variety and | Different variety of | All villages
Resources key farm inputs | number of key | farm inputs,
(farm inputs | (such as pumps, | farm  inputs | decreases
and training) | pesticides, seed) | available vulnerability
Alternative Livestock’s, Number  of | Different sources of | All villages
livelihoods off- farm | diversified income reduces
income income source | vulnerability
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Other noted indicators during discussion with interviewees and participants are
entitlement such as villages or farmers involved in frequent food aid provided by the
government as a result of crop failure are also indicated as vulnerability. Food
insecurity resulting from low crop yield is an indicator of vulnerability in the study
area. In general the various components of indicators described above suggest the
complexity of dynamic interactions and interdependencies of these indicators with
regards to vulnerability. These factors highlight the need for multidisciplinary
scientific approaches that will gather information to identify and assembles all
possible indicators of vulnerability and thereby draw conclusion based on specific key
indicators, their interaction and the multiplier effects they have on dry land irrigation

farming schemes in the study area.

8.6 Summary

In this chapter, the manifestation of climate change impacts on dry land irrigation
farming were clearly presented and analysed. The main focus on the vulnerability of
dry land irrigation farming against climate change impacts in the study area was
described. In general, farmers describes the major factors making irrigation farming
vulnerable to climate change are extreme temperature which cause crop wilting and
low yield followed by soil erosion from heavy rainfalls. Other factors mentioned by
farmers includes weed and pest infestation that increase the cost of farming and
affects crop performance and yield as well as reduced water from reservoirs due to
extreme temperature and frequent dry spells. Farmers also explained the frequency
and severity of the major factors making irrigation farming vulnerable to climate
change. Majority of the farmers mention that crop wilting occurs once at the end of
the dry season farming due to increased dry condition and extreme temperature as

well as an increase in floods, pest and weeds infestation that occur once per year.

The diversity and complexity of farmer’s responses is signalled by farming
experience, water source availability, resource endowment and access to information.
Similar arguments were put forward by interviewees and participants from FGD’s
who mentioned that lack of access to frequent information and knowledge about
climate change impacts, improved farming, adaptation measures as well as markets

prices; increasingly makes dry land irrigation farming schemes vulnerable as it
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exposes their farming schemes to other set of stressors such as high cost of tending

the crops (watering) or controlling pests and diseases that attacks crops.

Specifically, the three elements of vulnerability (exposure, sensitivity, and adaptive
capacity) in the study area were described farmers. Regarding exposure to climate
change impacts, farmers in the study area mentioned that dry land irrigation farming
schemes are exposed to high temperature, frequent dry spells as well as strong winds
which affects their crops due to loss of moisture and makes farming schemes
vulnerable to climate change impacts. Farming schemes in Mtwara and Lindi rural
district seemed to be more vulnerable, because they are located along shoreline and
hence they are more exposed to increased temperature and influence of wind
conditions from Indian ocean that cause excessive evaporation compared to Ruangwa
district that are more exposed to frequent heavy rainfalls that cause floods, weeds and
pest infestation. Data from various National (NAPA, 2007) and global reports (IPCC,
2014) shows that temperature in the study area had increased in the past 30 years and
is expected to increase by 2.2°C by year 2100, with increases concentrating over the
month of June, July and August. These are expected months for dry season farming
practices to take place which indicates the future vulnerability of dry land irrigation

farming schemes in the study area.

Regarding sensitivity, farmers mentioned that attributes such as poor soil conditions,
poor farming practices, resources owned and entitlements. Other sensitive factors
such as land degradation and fluctuating market prices for vegetable produce are
among major stresses that shape irrigation farming schemes making it vulnerable to
climate change impacts in the study area. These factors coupled with greater
frequency of dry spell, extreme dry condition and soil erosion from heavy rainfalls
makes farming schemes responds negatively (i.e., reduced yield). In spite of the
different factors making dry land irrigation farming schemes vulnerable to climate
change impacts; exposure to climatic variability (temperature and rainfalls variability)
had emerged to be critical as it affects water availability and contributing to crop
wilting which are the core foundation for crop performance, productivity and yield in

the study area with respect to irrigation farming.
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The chapter also showed how few farmers in the study area failed to respond to
climate change impacts due to lack of farm resources and lack of farm knowledge or
skills as well as due to poor institutional setups which makes farmers to fail to
moderate harm from climate change impacts or fail to exploits beneficial
opportunities such as flood water resulting from climate change impacts. Lack of
advisory agricultural services is a serious agenda particularly in dry irrigation farming
where water fluxes; temperature variability and pest control are issues of concerns for

reducing vulnerability and thereby maximizing crop productivity and yield.

The chapter clearly elaborated risk associated with dry land irrigation farming as
mentioned by farmers which included crop failure, reduced yield and poor crop
quality production. Field observation showed that risk encountered in dry land
irrigation farming schemes are associated with poor decision making from
commencement of dry season farming rather than from climate change impacts alone.
These include farmer’s poor decision in site selection, land preparation, seed selection
(type and variety of crop) and which farming methods to employ during crop tending.
In the study area, one of the inevitable aspects of vulnerability observed during field
visits is that during rainy season bottom valleys are not suitable for cultivation as they
are flooded and the soil is not suitable for rice farming. At the same time during dry
season the amount of water (moisture requirement) is low (due to excessive
evaporation) in such a way that it’s not enough to cultivate large portion of land based
on crude farm inputs they have, thus the cultivated land is so small making irrigation
farming a subsistence farming without assurance for its sustainability. Finally,
indicators of vulnerability such as crop wilting, soil condition (acidic, alkaline or
colour) and low crop yield were mentioned by the farmers as well as reduced surface
water availability. Discussion with interviewees yielded new information as
respondents described additional indicators of vulnerability such as abandoned farms,
dependence on one source of water for irrigation, availability of farm resources (farm

inputs and training) and alternative livelihoods.
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CHAPTER 9: RESILIENCE OF DRY LAND IRRIGATION FARMING
SCHEMES AGAINST CLIMATE CHANGE IMPACTS.

9.0 Introduction

The previous chapter has highlighted the vulnerability (exposure and sensitivity) of
dry land irrigation farming schemes against climate change impacts. This chapter
describes farmer’s knowledge on resilience of dry land irrigation farming schemes to
climate change impacts. The chapter highlights the needs to fully understand farmer’s
knowledge regarding resilience in the study area before describing different
adaptation and coping strategies used by the farmers. Several efforts taken by
individual’s farmers to cope with and adapt to multiple stresses from exposure to

climate change impacts have been described here.

The main focus in this chapter is to describe the nature and extent of processes
involved in adaptation and coping strategies used by the farmers in the study area in
making irrigation farming resilient to climate change impacts. Different strategies
used by farmers to adapt and cop with the effect of climate change in study area have
been described here while factors determining the choice of those coping strategies
have been identified and explained by the farmers. The chapter provides analysis of
life stories from interviewees who provide an indication of the different resilient
strategies and mechanisms used by farmers to adapt and cope with climate change

impacts.

Despite several efforts made by farmers in responding, adapting and coping with
climate change impacts; this chapter identifies different livelihood diversification
strategies that have increasingly made farmers remained impoverished due to lack of
sustainability. The chapters finally describe the complexity and diversity of poor
livelihood strategies in the study area, including a lack of alternative income
generating activities, poor market, rural poverty and lack of agricultural entitlement
which may limit the adaptive capacity of the farmers. Other factors shaping

adaptation and coping strategies have also been describe in this chapter.
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9.1 Farmers Knowledge on Resilience of Dry Land Irrigation Farming Schemes
Against Climate Change Impacts in the Study Area.

Farming households in many parts of Tanzania, are faced with many changes and
challenges in agricultural production such as declining soil fertility and crop yields
(Mnenwa and Malit, 2010); spiking price of farm inputs (Evans et al. 2012); poor
market access and constrained access to land and water resources (Devkota et al.
2015). This cause a continuous decline in agricultural production and a rise in both
poverty levels and household food insecurity. Climate change impacts is adding
another heated discussion on top of these challenges which makes farming practices
such as irrigation farming more vulnerable. As these changes and challenges makes
farming (such as irrigation farming schemes) more vulnerable, some studies (Adger et
al. 2004; Cardona et al. 2012) suggest that they also make farmers slowly responding

and adjusting to these changes while coping with the ongoing situation.

Thus, such ongoing changes and challenges resulting from climate change impacts
can be significantly reduced through a deep embedded farmer’s knowledge on
resilience and adaptation strategies. To understand how irrigation farming is adapting
and coping (becoming resilient) in the study area; farmers were asked to describe the
term with regards to their irrigation farming schemes and climate change impacts.
Very few farmers (6.7%) did not understood the term resilience, which also indicated
they are new in irrigation farming business. Of those who said yes (93.3%); majority
of the farmers (49.7%), expressed resilience as having support (particularly access to
information and resources) they get from relatives, other farmers, government and
other key stakeholders that helps them to carry on irrigation farming even in the face
of climate change impacts (water shortage and extreme temperature). Other farmers
(26.9%) described resilience as the level of preparedness and ability to react and take
action to prevent further damage from climate variability (reducing crop damage and
wilting) while the remaining farmers (23.4%) understood resilience as becoming

accustomed to the changes brought about by climate change impacts (table 9.1).

Table 9.1: Farmers knowledge on resilience of irrigation farming schemes.

Meaning of resilience by irrigation farmers Observation | Percentage
Getting support (information and farm resources) 87 49.7%
Preparedness and ability to react and take action 47 26.9%
Becoming accustomed to ongoing climate changes 41 23.4%
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In other scholarly work, the term resilience have been described as ability to react and
take action (respond) as well as becoming accustomed (adapt) to the ongoing climate
changes (Ludwig et al. 1997; Folke et al. 2006) while support and entitlement from
key stakeholders have been termed as part of adaptive capacity (Agder et al. 2004;
Deressa et al. 2008; Perez et al. 2015). This is also supported by IPCC (2007) which
consider the term adaptive capacity to be “a function of wealth, technology,
education, information, skills and access to resources” which makes socio-ecological
systems more resilient to external and internal stimuli. Thus irrigation farmer’s ability
to respond, adjust themselves and cope with ongoing changes (extreme temperature
and shortage of water or loss of moisture) by using local knowledge has been
perceived as resilience of dry land irrigation farming against climate change impacts
in the study area. In Chimbile A and Mnazi moja villages; interviewees have
acknowledged that local knowledge and practices as well as their experience in
irrigation farming have helped them to cope with and respond to floods and increasing

temperature for many years since they have started irrigation farming.

Majority of farmers who correlated resilience with having support (particularly access
to information and farm resources) from relevant key stakeholders; were asked to
describe further, how do they access relevant information and farm resources that
helps them to cope better with the climate change impacts during dry season farming?
Majority mentioned they only use local knowledge and depend on resources from a
friend or family while others mentioned they are supported by agricultural extension
officers or other donors and the rest get information and resources to cope with

climate change impacts from local, national media and social networking (figure 9.1).

| @ Local knowledge and support
B Agricultural extension office/donors

B Media and Social networking

Mbuo Mpapura Mkwaya Mnazi Chimbile Chiheko
Moja A

Figure 9.1: Farmers access to relevant information on irrigation farming. Source:

Mhagama, 2014.
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Discussion with participants have reinforced farmer’s perception with regards to
importance of access to information and farm resources regarding resilient of dry land
irrigation farming schemes against climate change impacts in the study area.
Strikingly, a more perspective analysis were obtained as participants from FGD’s
described what kind of information have helped them to carry on irrigation farming
by responding, adjusting and coping with ongoing climate change impacts. They
described further the importance of access to information and farm resources from
various agricultural stakeholders. Participants in Chimbile A mentioned that having
information in advance have helped them to know when to start farming and
participants in Mnazi moja mentioned the availability of improved seeds, seed variety
and other farm inputs (watering can, pumps) have helped them to increase production
in the face of climate change while participants in Mkwaya and Mpapura mentioned
that using media has helped them to know which vegetables is more valuable in the
market and what crops takes shorter time. Other participants in Mbuo and Chiheko
mentioned that having farm inputs (pump and herbicides) has helped them to ensure
water availability and to combat pest as well as how to reduce the effects of

increasing temperature and windy condition.

Field observation yielded parallel result with information obtained from discussion
with participants in FGD’s. During field visits, farmers with enough information on
improved farming and better farm resources such as manual pump; crop variety and
improved seeds as well as prior irrigation farming skills and techniques were seemed
to respond and cop better with the effects of increased temperature and water shortage
in ponds or rivers (as a result of impacts of climate change) compared to other farmers
with less farm resources and lack of agricultural trainings. Thus based on the above
responses (both individual and participants responses); the term resilience seemed to
be complicated to the farmers due to diversity among farmers regarding use of the
term resilience in dry land irrigation farming schemes. Given the slightly diversity in
responses among individual farmers and participants in the FGD’s; hence,
understanding the resilient of dry land irrigation farming schemes to climate change
impacts and how irrigation farmers in the study area respond to these effects, adjust
themselves and cope with ongoing changes is critical not only to the vegetable
production (income) but also to food security and the existence of dry land irrigation

farming schemes in the study area.
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9.2 Details of Resilience of Dry Land Irrigation Farming Schemes Against
Climate Change Impacts in the Study Area.

In the existing literature, there are several definition and evolution of the concept
resilience such as ecology (Gunderson and Holling, 2001) and socio-ecological
systems (Folke et al. 2006). However, in this research, I used Folke et al. 2006 ideas;
who described the evolution of the concept’s meaning in social-ecological systems
such as dry land irrigation farming schemes. Using analysis from farmers responses;
here resilient is described as the capacity of irrigation farmers to respond to climate
change impacts and reorganize themselves using different innovative response
mechanisms to counteract the effects of climate change impacts so as their irrigation
farming practices can continue to provide maximum yields and withstand further
shocks/stresses from climate change impacts. The details of concept resilient of dry
land irrigation farming schemes against climate change impacts in the study area has
been described below by adaptation and coping strategies irrigation farmers use to

mitigate climate change impacts to their irrigation farming schemes:-

9.2.1 Farmers Adaptation Strategies in Response to Climate Change Impacts.

Adaptation strategies refer to all responses to climate change that may be used to
reduce vulnerability (Burton et al. 1998). In agricultural production such as irrigation
farming, adaptation strategies can be developed, tested and used by farmers as result
of response from exposure to shock/stress or they can be initiated by governments or
other key stakeholders (such as research body) and embedded in some planning
processes. Any adaptation strategies seeks to moderate or avoid harm or exploit
beneficial opportunities which reflect a long-term strategies; however the most
effective adaptation strategies are the one that have been developed by local farmers
and tailored towards local context, including the biophysical setting, socio-economic

conditions of the farmers and their cultural and traditional setting.

Farmers in the study area have been testing and adopting different adaptation
strategies in their response to the adverse effects of climate change impacts but most
of these strategies have proved failure over many years due to many reasons
experience and farmers skills as well as their perception towards effectiveness of the

adopted strategy. In order to better understand what different adaptation strategies
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farmers use to respond to adverse effects of climate change; respondents were asked
to describe how do they respond to climate change impacts, particularly with the
effects of increasing temperature, excessive evaporation and water shortage? Majority
of the farmers mentioned different adaptation strategies such as using crop varieties
(41.5%); use of improved farming methods (24.7%); use of soil and water
conservation (19.9%) while other farmers (13.9%) mentioned other adaptation
strategies such as using manual pumps to irrigate crops and using available soil

moisture by planting crops at the bottom valley. The details of adaptation strategies

used by irrigation farmers in the study area have been summarised below (table 9.2).

Table 9.2: Adaptation strategies used by irrigation farmers in the study area.

Farmers adaptation | Details of adaptation | Farmers main | Preferred
strategies strategies used focus crops
Using different crop | Drought resistance crops, Reduce effects Okra
varieties Shorter cycle crops of temperature, | Amaranthus
Higher yielding crops increase crop Tomatoes
New crop variety productivity and | Eggplants
Good market price (vegs) income Watermelon
Use of improved | Mulching, crop cover Water and soil Tomatoes
farming methods Early planting conservation, Onions
Intercropping reduce effects of | Okra, maize
Contour farming temperature Cowpeas
Soil and  water | Using drip irrigation Water and soil Tomatoes
conservation Abandoning flash conservation, Green
irrigation reduce effects of | vegetables
Planting around river bank temperature, Pumpkins,
Using soil moisture increase crop Cowpeas
productivity
Other adaptation | Using manual pumps Exploiting Collard
strategies moisture, reduce greens
Increase rate of irrigation effects of Tomatoes
Using available soil temperature, Cow peas,
moisture (bottom valley increase crop okra,
farming) productivity pumpkins,

Source: Mhagama, 2014

At farm level, the scale and magnitude of testing and adopting these strategies have
been slip-up trials where farmers are constantly changing one strategy after the other
every farming season. For example, soil and water conservation practices such as
mulching and organic manure can be observed this year while next year farmers can
concentrates on crop cover and tilling as a strategy to address increase in temperature

and water shortage. Though these strategies have been practised as trials; they are
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essential adaptation strategies as they have the greatest payoff in terms of increased
crop productivity and yield in the study area. This in turn reduce vulnerability and
there by enhancing resilience of dry land irrigation farming schemes as well as
improving the capacity of irrigation farmers, especially those who depend on surface

water for irrigating crops.

The discussion from interviewees and participants from FGD’s about adaptation
strategies were ascertained through guided questions about what different changes
have been made in irrigation farming and why these changes have been made over the
past 20 years? The results from the information of the interviewees and participants
from FGD’s showed that dry land irrigation farmers had been making various changes
in their farming practices in the study area, however information shows that these
changes were made merely for increasing crop productivity, crop yield and securing
good market and earning a sizeable income rather than counteract the adverse effects

of climate change impacts in the study area. The table 9.3 below shows summary of

the identified changes by participants:-

Table 9.3: Qualitative responses on changes made in irrigation farming.

Changes made in
irrigation farming

Reason for making such changes

Commonly
practised in

Tilling, harrowing,

Soil fertility improvement and

Mpapura, Mkwaya,

adding organic manure | increase crop performance Chimbile A villages
Mulching, crop cover Reducing evaporation and Mpapura, Mbuo,
increasing crop performance Mkwaya villages

Intercropping

Efficient utilization of field (okra,
tomatoes, eggplant, pepper,
pumpkin, banana, sugarcane)

Mkwaya, Mnazi
moja, Mpapura,
Chiheko Villages

Shorter cycle crops

Reducing growing length and
possibility of having second
harvest such as amaranthus, onions

Mpapura, Mkwaya,
Chiheko, Chimbile
A villages

New crop varieties

Crops that are highly demanded
and command higher price in the

Mpapura, Mkwaya,
Chiheko, Chimbile

from water sources

market (watermelon, cucumber) A villages
Higher yielding crop Offer farmers higher yields instead | Mnazi moja,
varieties of the traditional breeds that takes | Mpapura, Mkwaya,

long duration and low yield Chimbile A villages
Application of Reducing crop pest and ensuring Mpapura, Mkwaya,
pesticides maximum yield per harvest Chimbile A villages
Using drip irrigation, Efficient use of water, exploiting | Mpapura, Mkwaya,
manual pump water for fields that are located far | Mbuo villages
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Although analysis of response from farmers and interviewees concludes different
adaptation strategies used by farmers to respond to the effects of climate change in the
study area; some of these changes or practices are part of daily farming strategies used
by the farmers to enhance crop performance and increase crop yield annually. Thus
some farmers in the study area do not describe them as strategies rather part and
parcel of their farming skills. During study visits, few farmers in Mpapura and
Mkwaya villages were seen trying different crop variety other than green vegetables
(such onions, egg plants, passion, cucumber, watermelon) which were not common
around the study area. Surveyed farmers in the field were seen also adopting different
range of improved farming practices such as mulching; drip irrigation, utilising soil
moisture and crop cover to save water in response to perceived water shortage and
increase in temperature. Use of manual pump, water pipes, and other irrigation
equipments were seen on various fields visited (in Mbuo, Mkwaya and Mnazi Moja
villages) indicating farmers efforts to adapt to the effects of increasing temperature,

excessive evaporation and water shortage by increasing water inputs.

Other actions taken by irrigation farmers in the field as part of adaptation strategies
includes reducing the size of the field as well as increase rate of irrigation (twice per
day) early in the morning and in the evening where the amount of water per
crop/seedling/plot was seen higher than normal. During field survey in Chimbile A
and Mkwaya villages, a new perspective emerged where farmers were seen planting
higher resistant crops to dry condition especially at the end of the farming season
particularly after the first harvest, they change the type of crop (i.e after harvesting
onions or tomatoes, they plant okra, cowpeas or African nightshades). Other crops
observed planted at the end of dry season farming are jute mallow, amaranthus,
eggplants, lettuce and sweet potato leaves. In few cases in the field (Mpapura and
Mnazi moja villages), banana, sugarcane, papaya and maize were seen planted as
property boundary in each field (see figure 9.1 below). Furthermore, farmers were
also observed planting less resistant crops nearer the water sources (along the water
course/river banks) in Mkwaya and Mnazi moja villages while other high resistant

crops on periphery or far end of the field.
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Figure 9.1: Veeable ops an ﬁuits planted together as observed in the ﬁld.

Source: Mhagama, 2014.

In general, analysis shows that farmers that are more innovative, i.e. in terms of
changing their farming practices to adapt with (or better exploit) their changing
circumstances, are more likely to counteract the effects of climate change impacts and
adapt to the existing situation than less innovative farmers. Similar findings were
found in other parts of Tanzania practising traditional irrigation farming. For example,
in Iringa and Morogoro local farmers have been adapting to climate change impacts
by planting drought resistant crops and seed varieties, intercropping, irrigation,
changed planting dates, increased use of water and soil conservation techniques,
diversification from farm to off-farm activities such as casual labour and moving to

other places (Mary and Majule, 2009; Shemsanga et al. 2010; Kihupi et al. 2015).

Hence, from the analysis, it indicates that all adaptation strategies and actions taken
by the irrigation farmers to respond to the effects of climate change; whether planned
or autonomous, are important strategies to reduce vulnerability as they moderate the
potential damage from climate variability and enhance the resilience of dry land
irrigation farming against climate change impacts in the study area. As a result,
adaptation strategies taken by irrigation farmers in the study area to counteract the
effects of climate change are therefore considered long-term response embedded in
dry season irrigation farming practices. Furthermore, as these strategies and actions
are embedded in daily irrigation farming practices during dry season; they become
essential strategies to help irrigation farmers to build their irrigation farming schemes
becoming more resilient and assist farming livelihoods to cope better with existing

climate variability as well as capacity to adapt to any future climate change impacts.
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9.2.2 Farmers Coping Strategies in Dealing with Climate Change Impacts.

According to IPCC (2014) coping refers to use of accessible skills, resources and
opportunities to address, manage, and overcome adverse conditions so as to achieve
short-term and medium-term necessities. In this study, coping refers to adaptive
capacity represented by different coping strategies used by dry land irrigation farmers
to respond to immediate climate change impacts in the study area. In this case farmers
coping strategies are determined by the adaptive capacity or capacity of farmers to
respond to the changes brought about by climate variability indicating short-term
strategies. The coping strategies here are described as the ability of dry land irrigation
farmers to adjust to a disturbance, moderate potential damage, take advantage of
opportunities, and cope with the consequences of a transformation that occurs
thereafter. Thus, farmer’s adaptations in the study area are manifestations of adaptive

capacity and coping strategies.

The strategies or changes in the irrigation farming practices that makes irrigation
farming schemes capable of dealing better with problems of exposure and sensitivities
to climate change impacts, reflects coping strategies or adaptive capacity (resilience).
The essential quality of resilience of dry land irrigation farming schemes in the study
area is described by the capacity of irrigation farmers to effectively utilise adaptation
strategies during difficult farming seasons especially in the face of climate change
impacts (such as increase in extreme temperature, excessive evaporation, water
shortage, frequent dry spells, disease outbreak and crop failure) and rebuild farming
schemes so as to continue provide same functions (supplement yield and income

during dry season).

In order to understand how irrigation farmers are coping with the impact of climate
change, the question of what coping strategies farmers use to mitigate the increase of
temperature and water shortage in the study area was posed? Farmers mentioned
different coping strategies (attributes to resilience) including different mechanisms
developed by farmers to counteract the effects of climate change impacts. Majority of
the farmers mentioned that they engage in selling livestock’s-chickens (33.8%) and
use effective soil and water conservation techniques-mulching (30.9%) while other

farmers mentioned they engage in alternative enterprises-craft works (24.1%) and
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intensifying farming (11.3%) such as intercropping and cultivation on both sides of
the river bank. At village level, Chimbile A and Chiheko seemed to cope better with
the impact of increasing temperature and water shorgate by utilizing effectively soil
and water conservation techniques while Mpapura, Mkwaya and Mnazi Moja seemed
to cope better with the same effects by engaging in alternative enterprises such as
disposing craft works, hawking and small scale business as well as selling labour

(figure 9.2).
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igure 9.2: Coping strategies use by farmers fo cope with climate change impacits.

Source: Mhagama, 2014

In figure 9.2 above, though selling livestock’s was universally identified as an
alternative source of income in additional to irrigation farming during dry season in
all six villages studied, slightly differences were noted in intensifying farming
activities (e.g. intercropping, cultivating on both sides of the river bank and reducing
size of the field) which was found to be common in Chiheko and Chimbile A villages.
Field observation indicates that majority of the farmers who were engaging in both
farming and other off-farm activities have earned extra income which helped them to
cater food and income shortage as well as buying other households items and thereby

coping better with climate change impacts.

During field visits; some farmers were seen engaging in alternative enterprises
activities such as petty trading and craft works (weaving) to compromise losses in
vegetable production and to supplement income during dry season farming. Farmers
were observed involving in petty trading and vending items such as selling raw salt,
cashewnut-locally made snacks, wild fruits and other household consumables while
craft work (weaving) includes buskets, mats, rags, hats and other decorative items

made of papyrus (Cyperus papyrus) and roofing materials from coconut leaves.
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Common petty trading and weaving were observed in Mnazi moja, Mpapura and
Chimbile A villages. Most farmers located along the main road (Mtwara-Dar es
Salaam road) seem to be engaged more in alternative enterprises activities than
farmers located in the interior mainland or where there is no access to main road. For
example farmers at Mpapura, Mkwaya and Mnazi moja villages can easily sell their
fresh produce from the farm, wild fruits and other handcrafts items to the market
centres along the road, compared to farmers at Chimbile A and Chiheko villages who
needs to travel to the market or sell their produce to middlemen. Though farmers
located along the main road can easily sell their produces and other forest products to
the consumers but there were no relationship between access to main road and

increased farmers output (outputs products from farm and off-farm activities).

In few cases, some farmers (particularly men, youth) have migrated to the nearby
town, especially Mtwara Urban due to recently opened cement factory as well as
cashew nut processing factories in search for a job. Though migration did not surface
in the questionnaires responses nor interviews and discussion as part of the strategy to
cope with impacts of decreased crop yield as a result of climate change in the study
area, it is seen as livelihood diversification strategies to earn income and send money
(remittance) home to buy food and other household needs. Those who cannot be able
to migrate to urban area (particularly women and elders); do involve in alternative
enterprises activities such as petty trading, crafts works, selling livestock’s and labour
so as to increases sources of household income. Generally, the presence of alternative
income generating activities provides another indicator of the ability of dry land
irrigation farmers in the study area to shift to other economic activities in response to
reduced yield and low income resulting from adverse climatic conditions such as

extreme temperature and water shortage.

Discussion with participants from FGD’s indicated that the income earned from
engaging in alternative enterprises activities is spent on buying foods (commonly
millets, maize, cassava, beans, cowpeas, dried sardines/fish) and other food stuffs
such as cooking oil, salt, sugar from nearby shops/market. In addition, FGD’s from
Mbuo and Chiheko villages mentioned that the coping strategies used by irrigation
farmers depends on farmers primary objectives and perception as well as access to

natural resources while FGD’s from Mpapura, Mkwaya, Mnazi moja and Chimbile A

236 |Page



villages associated coping strategies with access to farm resources-inputs and markets
availability for the resource or products produced. Whether planned or unplanned,
analysis shows that capacity to adapt have helped farmers to cope better with climate
change impacts. Field observation indicated that irrigation farmers who implemented
adaptation strategies effectively in all aspects of irrigation farming; have managed to
cope better with the impacts of climate change with minimum risks compared to
others who do not use adaptation strategies effectively. While not all types of coping
strategies are relevant to all villages studied, responses or perception from the farmers
have offered us a snapshot of what kinds of coping strategies irrigation farmers have
been using in their farming practices and how these coping strategies have substantial
impacts in enhancing irrigation farmers capacity to adapt and cope better with the
impacts of climate change and thereby increase resilience in dry land irrigation
farming schemes. Whether planned or autonomous, the choice of these coping

strategies depends on many factors as described below.

9.2.3 Factors Determining the Choice of Adaptation and Coping Strategies

Over the past 20 years, farmers in the study area have developed adaptation and
coping strategies to shield them against the impacts of climate change such as extreme
temperature, excessive evaporation, water shortage and disease outbreak. Different
adaptation and coping strategies developed and used by farmers have been intended
for increasing crop productivity and crop yield as well as sustaining or safeguarding
irrigation farming practices throughout their life. Thus, from the analysis above
(section 9.2.2 and 9.2.3), it seems that the impacts of climate change in the study area
has entirely affected farmers decision making in terms of site selection, which crop to
produce (at what level and scale) and what farm management practices they have to
choose to ensure high crop performances, crop productivity and hence a guaranteed
maximum crop yield while using as little efforts and cost as possible when adapting

and coping with the impacts of climate change in the study area.

To understand different factors affecting the choice of the adaptation and coping
strategies mentioned in section 9.2.2 and 9.2.3 above; irrigation farmers were asked to
describe what are the determining factors influencing the choice of adaptation and

coping strategies they use when facing the impact of climate change. Analysis from
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farmers response indicates that the factors that determine the choice of adaptation and
coping strategies used to counteract the effects of climate change impacts includes
farming skills (41.5%); difference resource owned (31.7%); land and water
availability (19.9%) and farmers perception (6.9%). At village level, skills and
experience in irrigation farming seemed to be a dominant factor affecting the choice
of adaptation and coping strategies implemented by farmers across all six villages
studied, followed by resources owned especially farm resources such as irrigation
equipments, improved seeds, seeds that with stand drought conditions and other assets

such as livestock’s, land and other resources (see figure 9.3 below).
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Figure 9.3: Factors determining the choice of adaptation and coping strategies.

Source: Mhagama, 2014

Land and water availability seemed to be influencing farmers choice of adaptation and
coping strategies implemented in Mbuo and Mpapura villages due to their dependence
on surface water (ndiva-ponds), however similar results have been mentioned in
Chimbile A and Chiheko villages and this is due to their dependence on ground water
(vinyungu or dug-out ponds) as well (access to ground water is a problem due to use
of crude methods-hand dug well). In Mkwaya and Mnazi moja villages, water
availability seems to be not a big problem due to the presence of Mkwaya and Mnazi
moja rivers respectively which have enough water throughout and hence creating
safety nets or security in terms of water resource availability for irrigation farming.
Farmers perception also played a small role in influencing farmers choice across all
six villages due to sensitivity and views about the adaptation and coping strategies to
be used or adopted by the farmer and its implication in terms of cost, time and

application as well as whether the practices are user friendly or not.
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Each of the determinant factors discussed above has an influence to the irrigation
farmers during decision making regarding the choice of coping and adaptation
strategies implemented and in few cases these determinant factors may depend or may
be influenced by other factors as well. For example, water availability coupled with
high demand of a particular crop in the markets can dictates the type of crop a farmer
has to produce throughout the season. For example a farmer may choose to change
type of crops (e.g. change from green vegetables) after the first harvest depending on
water availability by choosing crop (e.g. to okra, eggplants or peppers) that require
less water at the end of dry season when moisture and water level drops below
thresholds. High demand and better price for a particular crops in the market (such as
tomatoes, watermelon, green peppers) may also motivate the farmers to choose the
type of crop or choose what adaptation and coping strategies they need to produce

more crop yield that is more demanded and command higher price at the market.

Though water availability may dictate what crop can be produced, field observation
indicated that farming skills and experience can also influence how farmers utilise
water in adapting and coping to climate change impacts. Other factors such as
availability of farm inputs may also facilitate or smoothen the adoption of such coping
strategy. Thus, what is important for the uptake of adaptation and coping strategy
implemented by irrigation farmers’ is the availability of that technology to be adapted,
experience and skills of the farmers as well as affordability of such techniques. When
response from farmers were cross-tabulated, age and education of irrigation farmers
seemed to have little influence on the choice of adaptation and coping strategies
implemented by farmers. This is because according to the National Bureau of

Statistics, 2012 illiteracy level and poverty is very high in the region.

Apart from factors mentioned by farmers, vulnerability and resilience literature
indicates other possible factors influencing farmer’s choice of adaptation and coping
strategies. Little empirical evidence exists related to what determines farmers’
individual adaptation decisions and how adaptation can be measured quantitatively
(Yohe and Tol, 2002). According to Deressa et al. (2008); farmers who undertake any
adaptation at all, the choice of specific method depends on a number of elements,
including socioeconomic, environmental and institutional factors, as well as the

economic structure of the country. Additionally, the author mentions that the choice
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of adaptation methods depends on a range of variables which are considered
important for the availability, accessibility and affordability of particular adaptation
technology and its procedures. Ndunda and Mungatana (2013) add that household
size, farming experience, access to credit and improved seeds and inputs, crop income
and awareness to wastewater hazards significantly influence the farmers’ choice of

low-risk measures in irrigation farming.

Other studies mention that education of the head of household, livestock ownership
and extension for crop and livestock production, availability of credit, water
availability and temperature are factors influencing choice of adaptation (Brooks et al.
2005; Cardona et al. 2012; Kihupi et al. 2015). Shongwe et al. (2014) concludes that
adaptation and coping strategies used by farming households were significantly
influenced by age of household head, occupation of household head, land category,
access to credit, access to extension services and training, high incidences of crop pest
and disease, high input prices, high food prices and perceptions of farming households

towards climate change impacts.

Though not mentioned by farmers, but high income earned from previous sales for a
particular vegetable produced may also influence farmer’s choice to increase output
or intesify farming for that particular vegetable. Hence, higher income from previous
sales may also influence farmer’s choice in the next season farming to adapt and cope
with any difficult condition when raising or cultivating particular vegetables in the
field in order to harvest good yield and gets higher income due to higher sales from
selling crop produce. This was observed in the field, at Mkwaya and Chimbile A
villages when farmers were incoherently straggling to cultivate watermelon and
carrots while Mpapura and Mbuo had similar situation cultivating green peppers
though both villages experienced water shortage and temperatures were so high
particularly at the end of dry season farming. This is because at the market level, these
crops command higher price and there is high demand for these crops, whereby some
of produce are imported far from Dar es Salaam and Iringa regions, hence forcing

farmers to struggle in cultivating the aforementioned vegetables.
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9.2.4 Different Livelihood Diversification Used by Farmers in the Study Area

Other different coping strategies in the study area used by irrigation farmers to adapt
and cope with the impacts of climate change includes livelihood diversification from
irrigation farming to off-farm activities such as charcoal and firewood production,
casual labour, fishing activities and coastal gathering and migration to the nearest
town in search for jobs particularly cheap labour. Majority of these activities used by
irrigation farmers are conducted during dry season farming and do contribute to
increased household income. During discussion with one of the interviewees in Mnazi
moja village, the above off-farms activities practised in the study area strongly
resurfaced. The respondent (KI,12) narrated that:-

“My son is a masonry... since the construction of cement industry started in Mtwara

town in 2013, he seized the opportunity and now he is working as a cheap labour in

construction and housing projects...Others here (particularly youth) had moved in

town and now works in industries such as cements (Mtwara and Dangote cement

factory) and cashew nuts processing industry”.

Though some youth migrate to town in search for jobs; field observation indicated
that some farmers do offer or sell their labour within the villages. Some of the casual
labour still available in the villages during dry season includes land preparation,
repairing worn-out houses, tending of cashew nuts farms and harvesting cashew nuts.
Income earned from selling casual labour is used to buy food and other household’s
consumables. In few cases, farmers were observed involving in charcoal production,
selling firewood and building poles. Although farmers could not verify the increase in
the rate of forest harvesting (in the six village studied) for charcoal, building poles
and firewood, through field visits it was observed that firewood, building poles and
charcoal production had been one of the dependable secondary source of income for
many farmers in the villages. This leads to forest degradation which has irreversible
effects in terms of contributing to loss of biodiversity, greenhouse gas emissions and
climate change impacts let alone land degradation and depletion of soil nutrients due
to reduction in biomass and nutrients recycling. This in turn affects irrigation farming
as depletion of soil nutrients leads to loss of soil fertility which affects crop

productivity.
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Farmers who have fields located near the water sources such as along the river banks
or around wetlands and ponds do intensify their irrigation farming activities, for
example by cultivating on both sides of the river. Farmers located around coastal
lagoons do involve in production and sales of salt commodity while those within the
reach of Indian ocean do supplement their income by engaging in fishing activities.
During discussion with Lindi Rural District Agricultural Officer; parallel answers
came up, mostly confirming the type of activities and income irrigation farmers
depended on outside irrigation farming practices (vegetables production) during dry

season farming.

The district agricultural officer from Lindi Rural District Council justified the above
statements by saying that:-

“In years where water level falls below thresholds and rivers run dry...., farmers do
reduce the size of the farm and intensifying their farming activities by cultivating on
both sides of the river banks and concentrating on small piece of land (with mixed
crops).... Furthermore, other farmers do abandon their fields due to water shortage
and excessive evaporation while other farmers do engage in salt production; engage

in fishing along the coastal area and providing casual labour services”.

Fishing and coastal gathering, though a traditional and culture for coastal community,
particularly those within the reach of Indian Ocean; these activities are also
considered as part of coping strategies to cater the effects of reduced crop yield as
they supplement income (sales from fish catch) and food protein (gathered coastal
products such as sea cucumber and other mollusc). Women in Mbuo, Mpapura,
Mkwaya and Mnazi moja villages do involve in coastal gathering during low water
tide while men in these villages do fishing activities due to their proximity to Indian
ocean. Depending on the type of fishing activities (e.g. diving, hand lines, traps,
canoeing); fishing and coastal gathering have an added advantage as they provide
some ample time that can be used by the farmers for farming activities or other off-
farm activities and household chores. For example, some fishing activities that are
mostly conducted during the night or setting traps; can help fisherman to use some of
the time available in other on-farm and off-farm activities while in coastal gathering
which is conducted during low water tide, women may use up to 4 hours on average;

thus giving them extra time for farming activities and other household chores.

242 |Page



Response from interview with a respondent (KI,09); from Mkwaya village, strongly
echoed fishing as a coping strategies to the effects of climate change impacts. He
mentioned that:-

“Fishing is my part of life job...however, during times of water shortage and failure
in irrigation farming...fishing and coastal gathering have supported us immensely.
When I do fishing, my wife and my two children also do involve in coastal
gathering.... I can sell the fish I caught to the market and buy food and household
items while my wife collect enough for cooking food and the surplus she sometimes
sell to a local market or neighbour and the money earned we use to buy rice and
maize...I believe fishing and coastal gathering have helped us with the burden of food

shortage whether during dry or wet season farming” (Fisherman, Mkwaya village).

Although irrigation farming practices is undertaken to generate income and
supplement food during dry season; at some points in discussion with interviewees,
some results emerged where they described that in some cases they coped with low
yield by changing food preference (consuming more cassava and millets than rice and
maize), buying additional food and receiving food aid from neighbours, government
support or relatives. In a rare case, this point was strongly rejected by two farmers in
Mpapura and Mnazi moja villages, perhaps it is a shame for people to receive food aid
from government as it is seen a sign of weakness and state of poverty, something
farmers in these villages they don’t want foreigners to perceive them. In addition,
some farmers generate income through selling cashew nuts (locally made snacks),
performing off-farm labour-casual labour, and selling chickens or involve in
quarrying (sands, pebbles or stones). Household income earned from off-farm
activities, usually increase the probability of irrigation farmers to afford different
adaptation measures such as buying manual pump, improved seed variety, pesticides
or paying labour for watering vegetables during extreme high temperature which
helps farmers to cope better with the impacts of climate change. Thus farmers, with
less sources of income are more vulnerable and less resilient compared to those who

engage more in off-farm activities and hence earn higher income.

Other farmers depend on remittance from relatives or families working or doing small
scale business in town. In one case, discussion with FGD’s from Mpapura;

participants mentioned that during difficult harvest (low yield, resulting from extreme
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temperature and water shortage), they borrow money or food from shop keepers and
expect to pay-off when they receive mobile cash transfer from their relatives in town.
The reason behind for this mutual trust is that the shop owners knows some of their
relatives in town, so when they send money, some of it pays the debt and the

remaining, farmers use it again to buy food groceries and other household items.

In all six villages studied; selling labour to a friends and neighbours is very rare,
however in contrast to a lesser degree (e.g. in well established villages like Chimbile
A, Mpapura, Mbuo and Mnazi moja); some farmers may help others in collecting
local materials (poles, thatches) for rebuild their houses and expect to get support such
as financial or food (maize, rice, millets) as a token of appreciation. The support
provided here to a certain degree, can cater for food insecurity while the money
earned can be used to buy food, seeds, other farm inputs or used in land clearance
preparing for the next farming season. Selling fruits (papaya, sugarcane, and
watermelon), wild fruits (mabungo, vitolongo) and root tubers (ming ‘oko) were seen
as another coping strategies used by farmers to enhance family income. Evidence of
satellites sales points or centres have been seen along the Mtwara — Lindi main road
in Mbuo, Mpapura, Madangwa and Mnazi moja villages. Despites presence of several
sales points along Mtwara — Lindi main road, the results from discussion with
interviewees and participants from FGD’s shows that there was no relationship to

justfy this activity with coping strategies (resilience of dry land irrigation farming).

Other studies from Mtwara have revealed a large consumption of root tubers
(ming’oko), during food shortage and farm preparations (URT-Vi, 2012; URT-Vh,
2012). However, in discussion with FGD’s in Mpapura and Mkwaya villages, they
said ming’oko is a wild root tuber freely available and has been consumed as a
preferred traditional food for many generations and it’s also preferred even by locals
residing in town. Local brew such as tembo made from coconut juice and nipa/ulaka
from cashew nut fruits — mabibo has been seen in few local pubs in the six villages
studied, though no respondents has been able to verify it being used as alternative
enterprises to increase household income or used as a coping strategy. This might
have been influenced by the fact that local brew is a bitter and sensitive subject and
brewers as well as farmers are worried of providing information that might

compromise people involved in the business.
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Most of the literature agrees that engaging in different livelihood diversification or
working in different alternative enterprises have helped farmers to spread risk and
manage uncertainty resulting from climate change impacts. Ellis (2000) asserts that
livelihood diversification has become an effective and reliable survival strategy for
rural households in developing countries. With ongoing climate change impacts,
subsistence farming alone cannot provide sufficient means of survival in many rural
areas without diversifying income or engage in other alternative enterprises. Although
livelihood diversification is seen as cushion for supplementing income or a measure
for adapting and coping with climate change impacts; care should be taken since most
of the rural economy is subsistence-based which is linked to agricultural production
hence any alternative or diversified activities taken by farmers should focus on
sustainability rather than creating a new or future problem such as accelerating
deforestation, land degradation as well as affecting the rural economy particularly
agricultural production. Some of the examples of livelihood diversification with

haziness future include charcoal production, deforestation and migration.

The concept of livelihood diversification is similar to migration where farmers do
migrate to town from rural area in search for a job. This is a common phenomenon
and it has some benefits when those who move to urban centres get some jobs and can
send some money back home (remittances). However to some extent; this is not
always the case especially when availability of jobs in the urban centres becomes a
serious challenge for the immigrants who have no other means of survive. When this
happen, the most affected people are elderly and women in rural areas who are
compelled to shoulder the roles of taking care of the whole family responsibilities
including those who are in town. One of the participants from FGD’s discussion (a
shopkeeper in Mpapura village), justifies the above situation by saying that:-
“Sometimes I have to provide goods (household groceries from my shop) to some of
my fellow villagers without expecting anything ....Just praying that some day they will
pay back.... Because they (parents) are complaining that their children are not
helpful at all even when they ask for money.... their children tell them that they have
no money because they have no permanent jobs in towns and life is hard even for
them.... But with ongoing economic trend in the country, [ wouldn’t blame them”.
Thus in general, livelihood diversification has short-term and long term benefits as

well as several unforeseen problems that might arise in the future and brings other
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multiple effects or further the problem of climate change impacts. Thus farmer’s
needs to be careful advised to properly select suitable and sustainable alternative
livelihood strategies without compromising the future rural economy particularly

agricultural and livestock production.

9.2.5 Indicators of Resilience of Dry Land Irrigation Farming Schemes

Using knowledge from irrigation farmers in section 9.2.1 and 9.2.2; the analysis of
responses from the farmers indicates that farmers are adapting and coping with the
impacts of climate change by using several adaptations and coping strategies.
However, when the question of which indicators is suitable to shows the resilience dry
land irrigation farming against climate change impacts was posed, farmers responses
were indistinctly leading to doubtful about their answers. Through analysis their
responses were undecided between household resources (including income of the
farmers); diversification of livelihood activities, farmer’s knowledge on irrigation and
the size of the field under irrigation which made it further difficult to verify or
measure these indicators mentioned. This might have been contributed by the fact that
resilience is a very complex term and difficulty to capture in a single entity whether as
ability to respond, adapt and cope to the ongoing climate changes (Ludwig et al. 1997;
Walker et al. 2004; Folke et al. 2006) or having support and entitlement (Agder et al.
2004; Deressa et al. 2008; Perez et al. 2015).

Although farmers were entangled between which are the best suitable indicator to
show the resilience of dry land irrigation farming schemes against climate change
impacts; field observation showed presence of several indicators such as availability
and continuous use of manual pump, variety of seeds (crop resistance), soil and water
conservation practices (mulching), livelihood diversification and reduced farm size as
well as intensification of irrigation farming (see table 9.4 below). These improved
farming practices, presence of farm inputs to enhance irrigation rate and reduce
evaporation as well as engaging in alternative enterprises and diversifying of
livelihood activities to other off-farm activities are good indicators showing how dry
land irrigation farming is straggling with ongoing effects of climate change impacts
particularly increased temperature, excessive evaporation and water shortage just to

mention few.
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Table 9.4: Indicators of resilience as observed in the field.

Indicator | Description of the | Unit of | Relationship Source of
indicator measurement | between indicator | information
and resilience
Manual Presence of water | Number  of | The higher the | Mnazi Moja,
pump pump wused for | water pump | number of | Mpapura,
irrigating crops in | and watering | watering Chimbile A
the fields cans available | equipments for | and Mbuo
in the field crops indicate high
resilience
Variety of | Presence of variety | Different Higher number of | All villages
seeds of seeds that are | variety of | crop resistance
resistance to | seeds  (crop | seeds increases
drought, diseases | resistance) farmers resistance
as well as crops and ability to cope
taking shorter with harsh
period to mature condition
Soil and Improved farming | Variety and | Different variety of | All villages
water methods (contour | number of | improved farming
conservati | farming, mulching, | improved methods increased
on conservation farming farmers resilience
practises | tillage) methods to climate change
impacts
Farming | Intensive crop | Reduced farm | Increased number | All villages
intensifica | cultivation, size, livestock | of  crops  per
tion and Livestock’s Number  of | plot/field,
livelihood | keeping and off- | diversified Livestocks keeping
diversifica | farm income | income source | and different
tion generation sources of income

increases resilience

In the long run, these indicators needs to be monitored over time, so as one can

conclude how these indices shows resilience of dry land irrigation farming against

climate change impacts. During the process of monitoring and follow-up on farmers,

several issues should be taken into consideration such as how farmers should

effectively and timely respond and adapt? When should they adapt and against what

effects as well as what resources should they use to cope with the effects of exposure

to internal and external stimuli or hazards? Apart from the above mentioned

indicators, other scholars have identified several resilient indicators such as literacy

level, access to credits, farm income, size of the field, farm assets and availability of

alternative income generating activities (Turner et al. 2003; Gbetibouo and Ringler,

2009; Malone, 2009).
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9.3 Farmers Failure to Adapt and Cope with Climate change Impacts.

In general, people always expect that farmers who recognize climate change will take
some actions to cushion themselves against its adverse effects. For example,
according to Deressa et al. (2008); several agricultural adaptation measures such as
the use of crop varieties, planting trees, soil conservation, changing planting dates,
diverging from crops production to livestock keeping, and irrigation were reported to
be most adaptation methods used by farmers in African countries. However, in the
same study, it is clear that, for various reasons, not all farmers have responded and
adapted to effects of exposure to the impact of climate change. Some of the irrigation
farmers had no idea about climate change impacts and hence did not know what to
respond to and adapt to the adverse effects of climate change? For those who
responded to the adverse effects of climate change, some of their adaptation strategies
have been slip-up trials while some of coping strategies undertaken by irrigation
farmers in the study area have negative consequence on environments in the long run

(future) such as increase rate of deforestation and biodiversity loss.

Perhaps one of the most neglected aspects of climate change impacts are barriers and
challenges associated with adaptation and adaptive capacity (resilience). Though
some of these barriers are deep rooted within the community and individuals (in terms
of ecological, socio-economical, cultural and political); they are consistently tied to
measure of experience, inadequate farm resources, skills and technology as well as
access to information and poor institutional set up in supporting poor farmers. At
village level; these barrier play a bigger role when farmers are making decision to

effectively respond and adapt to the effects of exposure to climate change impacts.

In most cases farmers have failed to make proper decisions regarding measures to
ameliorate their farming practices, nurture vegetable production and maximize crop
yield throughout. A good example of failure in decision making during dry season
farming can start with poor land preparation (shifting cultivation or slash and burn
agriculture) which means loss of soil nutrients and failure of conserving water due
reduction in humus and dry matter (crop cover) leading to low crop quality produced.
Poor seed selection can result in low yield and poor crop quality as well while poor

crop tending and inability to add manure can also affects crop yield. Unsustainable
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use of water such as flash irrigation may result in water shortage and thereby
compromising the harvesting season. All these poor decisions can make farmers to
fail to respond and adapt to any exposure to external or internal stimuli affecting their

crops such as increase in temperature, water shortage or crop and pest attacks.

In the study area, similar barriers were observed during field visits and strongly
surfaced during discussion with FGD’s. Analysis in section 9.2.1 and 9.2.2 shows that
in a very rare cases, few farmers seemed to have failed to understand particularly
what are they adapting to and how should they effectively adapt so as to achieve
maximum crop yield per season with little inputs and cost involved in vegetable
productions. This has been contributed by lack of awareness or knowledge (1.7%) on
climate change impacts and vulnerability (3.9%) of dry land irrigation farming in
terms of how much farming is exposed and (or) become sensitive to climate change
impacts as well as how they (irrigation farmers) have responded and how irrigation
farming schemes is coping with the effects of exposure to climate change impacts.
Similar findings were reported by Chikodzi et al. (2012) where the author argued that
a major problem for any adaptation initiative, particularly at the local level is

insufficient information about what to adapt to and how to adapt?

Lack of knowledge on what to adapt to and how to adapt are the common factors that
made farmers to fail from time to time when trying to adapt and cope with the impact
of exposure to climate change in the study area. Thus their irrigation farming schemes
have failed to adapt to the new changes not only due to lack of knowledge on climate
change but also due to limited livelihood options, few basic farm inputs and resources
and inadequate access to information, skills and technology which automatically
affects their farming practices and thus take time to cope with the effects of increase
in temperature, excessive evaporation, water shortage and crop failure/low yield.
During field visits, few farmers were seen straggling with farming where they had
small fields (<10m? plot). Analysis from the fields shows that poor soil fertility
coupled with shortage of water and lack of market for fresh produce may have also
influenced farmers to fail to adapt and cope with the impacts of climate change.
Gbetibouo and Ringler, 2009 underline that among other things, the main factors that
promote adaptive capacity are farmers’ income, the size of the household, farmers’

experience, and engaging in off-farm activities. Thus low income, large household
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size, little experience in irrigation farming and limited options in off-farm activities
makes farmer vulnerable and contribute to farmer’s failure in adapting and coping

with the effects of exposure to climate change impacts.

9.4 Policy Implication and Intervention

The study shows that irrigation farmers in the study area have been testing and
adopting different adaptation strategies (use of crop varieties, soil and water
conservation, improved farming methods) to encounter the effects of climate change
impacts over many years; however their adaptation strategies have been implemented
in small scale and mostly tested as trials due to lack of experience, knowledge, skills
and resources which affects their outputs and sustainability. At the same time,
although farmers have been using different coping strategies (selling livestock’s,
engaging in alternative enterprises, diversifying livelihoods and intensifying farming);
several factors have been mentioned to hinder the choice of relevant and best coping
strategies due to farmers’ perception, lack of resources, experience and skills.
Furthermore, the sustainability of alternative or diversified activities (charcoal
production, deforestation and migration) taken by farmers as part of coping strategies
have been questioned due to their uncertainty and haziness future as they create other

problems or accelerate the impacts of climate change.

Thus, the impact of exposure to the effects of climate change and inability of farmers
to respond, adapt and cope with these effects can last throughout farmers’ life time if
they are not exposed to any intervention like providing improved farming skills,
education awareness or empowerment for entrepreneurship that could give them
necessary skills for improving their irrigation farming as well as their alternative
livelihood activities. It’s in this context that potential long-term policy and strategic
actions regarding existing adaptation options and future coping strategies taken by
farmers are critically needed to support irrigation farmers to reduce their vulnerability
and enhance their adaptive capacity (resilience) to the adverse effects of climate
change impacts and climate variability in the study area. Furthermore, Komba and
Muchapondwa, 2015; emphasise the need to understand the adaptation options taken
by irrigation farmers which would help to craft appropriate policy responses. This is

because vulnerability and sensitivity of irrigation farming schemes vary across
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farming due to many factors such as farm resources and experience, crop produced,

different adaptation methods used as well as duration of farming.

In light of this, the government needs to assist dry land irrigation farmers in the study
area to overcome the adverse effects of climate change impacts by encouraging and
supporting irrigation farmers to adapt to climate change and to promote particular
adaptation methods and coping strategies. Several studies suggest that intervention in
irrigation development has verified to boosts crop production 3-4 times than that of
rainfed agriculture (URT, 2005; URT, 2006; URT, 2009). However if intervention
and implementation of policy related to adaptation and coping strategies for
safeguarding irrigation farming schemes has to occur and succeed indefinitely; then
using local farmers’ knowledge and experiences particularly those involved deeply in

irrigation farming is of paramount importance.

During discussion with farmers on the need for policy intervention and
implementation regarding adaptation strategies in the study area; farmers explained
what should be done to help them to better adapt to the impacts of ongoing climate
change and improve irrigation farming. Majority of the farmers (47.7%) mentioned
they need support on training improved farm skills and innovation in irrigation
farming while other farmers (36.7%) mentioned that they needs to support on water
harvesting technology particularly construction of large pond/reservoirs for storing
storm water from surface runoffs. The remaining farmers (17.6%) mentioned they
need provision of farm resources such as improved seeds and irrigation equipments

such as irrigation pumps.

It is interesting to find that majority of respondents in the study area identified
training skills on improved farming and innovation on irrigation farming as an
important aspects that can support them to enhance their adaptive capacity and long-
term resilience to the adverse effects of climate change and thereby sustaining
irrigation farming. This is good sign that farmers are interested more in knowledge,
skills, agricultural technological innovation and awareness which are part of long-
term solution and strategies in addressing the adverse effects of exposure to climate
change impacts rather than focusing on aid support from government such as food and

cash money. At village level, training skills and innovation in irrigation farming
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surfaced more in Chimbile A, Mkwaya and Mnazi moja villages (figure 9.4 below).
This is due to the fact that these villages have been invested heavily in irrigation and
they would like to extend irrigation farming for to commercial production. The
support for water harvesting technology was mentioned more by farmers in Mpapura,
Chiheko and Mbuo villages while provision of farm resources and farm subsidies
seemed to surface in each village studied. The need to develop and strengthen water
management innovations (water harvesting technology) mentioned by irrigation
farmers in the study area is to address the risk of moisture deficiencies and increasing

frequency of dry spells.

12 O Training skills and innovation

% B Support on water harvesting
0
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B Provision of farm resources

Mbuo Mpapura Mkwaya Mnazi Chimbile Chiheko
Moja A

Figure 9.4: Farmers’ opinions on adaptation interventions. Source: Mhagama, 2014

Farmers in the study area did not mention the need for research and develop on
irrigation farming as well as development and strengthening early warning systems
for timely weather forecasts, predictions and their dissemination of results to the
farmers. Though these are most important aspects of policy interventions regarding
adaptation strategies; several reason such as lack of awareness, low literacy rate,
nature and scale of farming, ground practicability and application of such research
and systems development in the study area might have attributed towards this
perception. Further more integrated water resources surface in any discussion in the
study area due to the fact that there are few competing end users in water resources.
The main water users in the study area are domestic consumption, agricultural

production (rainfed) and irrigation farming (dry season).

On medium and short-term basis farmers mentioned several coping strategies they
need to cope with ongoing adverse effects of climate change such as authority to

provide alternative jobs (36.1%); creating market for crop produces (34.3%);
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provision of food aid (21.1%) during low or bad harvest season as well as free access
to natural resources ( 8.5%) such as forest products and sea/ocean (fishing and coastal
gathering). At village level, the need for creating market for crops produced as one of
the intervention to cope with the effects of climate change strongly echoed at Mbuo,
Mpapura and Chimbile A villages while provision of alternative jobs during low
harvest as adaptive capacity strongly surfaced at Mkwaya, Mnazi moja and Chiheko
villages (figure 9.5 below). Provision of food aid during low or bad harvest was
universally addressed among six villages studied while free access to natural

resources appeared more in Chimbile A, Mnazi moja and Mkwaya villages.
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Figure 9.5: Farmers’ opinions on coping strategies interventions. Source: Mhagama, 2014.

The focus of policy intervention and implementation in safeguarding dry land
irrigation farming schemes should focus on both coping strategies (short-term and
medium term efforts) and adaptation strategies (long-term endeavours) so as to
maximizing yield and sustain irrigation farming. Though government interventions
(future plans and programmes) are critically important, during field visits, observation
showed that the presence of social capital within irrigation farmers is also an
important adaptation strategy due to availability and easy support a farmers can
receive from relatives or friends during farming practices without delay or
bureaucracy. As farmers can easily receive technical support about adaptation to
encounter effects of climate change from both the government and community

groups; care should be taken to avoid duplication and overlapping of efforts.

Government intervention is of great importance particularly in irrigation farming,

especially now that Tanzania is implementing the “Kilimo Kwanza Policy” and has

253 |Page



invested heavily in irrigation farming through National Irrigation Master Plan (2002);
District Irrigation and Water Harvesting Project, 2005 and National Irrigation Policy
(2009); which both documents seeks to promote sustainable growth in the agricultural
sector particularly promotion and investment in irrigation farming schemes.
Articulation of national irrigation action plans described in these documents at village
level is of great importance to enhance implementation and ensure sustainability. This
can also help farmers to easily incorporate their adaptation strategies into national
adaptation plans and strategies. Other policy interventions regarding adaptation of
irrigation farming to climate change impacts have been indicated in various national
reports includes National Strategy for Growth and Reduction of Poverty (NSGRP-
Cluster III, 2005); Agricultural Sector Development Programme (ASDP, 2006);
National Adaptation Programme of Action (NAPA, 2007) and Tanzania National
Irrigation Policy (2009) and Southern Agricultural Growth Corridor of Tanzania
(SAGCOT, 2010). These documents need to be articulated in district irrigation
development programmes so the adaptation interventions can be implemented

effectively and successful.

Each policy document has focused on ensuring irrigation in the country is fully
developed and area under irrigation potential is fully utilized to supplement
agricultural production and ensure food security and household income of many poor
farmers. For example in National Irrigation Master Plan (2002); the document focuses
on irrigation and water development where the proposed possible interventions
includes rehabilitation of existing irrigation schemes, development of new irrigation
schemes’ and acquisition of individual low lift pumps (treadle pumps or motorized
pumps). Similar work can be done in the study area to develop irrigation
infrastructures (irrigation canals and water reservoirs) and providing manual pumps to
groups of farmers so as to encounter the effects of water shortage and increasing

temperature.

In NSGRP — Cluster I — Promoting Sustainable Broad — Base Growth (2005); one of
the identified strategic action is to increasing the number of irrigation schemes (such
as dry land irrigation farming schemes) and area under irrigation as well as promoting
rainwater harvesting. In the study area, various rainwater harvesting technology can

be introduced to help farmer to harvest rain water (surface runoffs) and improve water
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availability for dry season farming. Other programmes (ASDP, 2006) focuses on
investing and financing small-scale irrigation schemes (sub-component I and II)
where small scale projects such as dry land irrigation farming will be funded. Farmers
in the study area can be supported through these schemes; however investments to be
made should be in accordance with local needs which can be determined through
local participatory planning and budget processes with a focus in inclusive planning
where both food insecure and vulnerable groups have participated. Thus intervention
earmarked to boost irrigation farming infrastructure at district level such as
constructing and maintaining water ponds/reservoirs and irrigation canals will
benefits dry land irrigation farmers and their farming schemes in the study area hence
reduce vulnerability from shortage of water due to extreme evaporation and loss from
surface runoffs as well as poor infrastructure (poorly constructed earth canals).
Furthermore, utilization of alternative water sources such as river and underground
water from deep water aquifers will enhance adaptation measures by reducing
farmers’ overdependence on surface water which is extremely variable due to

temperature and rainfall variability.

In NAPA (2007); the primary objective is to identify and promote activities that
address urgent and immediate needs for adapting to the adverse impacts of climate
change. In 14 priority projects identified by NAPA, agriculture sector was ranked the
top priority for adaptation measures, with increasing irrigation farming to raise maize
production across all regions the most urgent goal (NAPA, 2007). The efficiency use
of water in irrigation crop production so as to boost production and increase food
security was also among priority goals. The existing adaptation activities earmarked
by NAPA includes small scale irrigation, research and development on drought
tolerant seed varieties, growing different types of crops on different land units and
water harvesting technology to reduce vulnerability and encounter the effects of
climate change impacts. Most of the adaptation measures mentioned in NAPA have
been also strongly mentioned by irrigation farmers in the study area, which clear the
way forward for implementation. All these adaptation activities if implemented in the
study area will reduce vulnerability of dry land irrigation farming against exposure to
climate change impacts and thereby increase farmers resilient while maximizing crop
production through irrigation farming. The document also suggest potential future

adaptation activities such as increase irrigation farming to boost maize production in
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selected areas, drip irrigation for specific regions, better use of climate and weather

data and promote new water serving technologies in irrigation.

Additionally, the Southern Agricultural Growth Corridor of Tanzania (SAGCOT)
provide similar adaptation measures to reduce vulnerability to climate change impacts
and boost irrigation farming in Southern Tanzania. The document provide a detailed
investment blueprint for SAGCOT initiative which contribute to Kilimo Kwanza's
vision of a major expansion of commercial agriculture in the corridor, including
irrigated and rain-fed farming with associated processing and storage facilities. The
SAGCOT initiatives also describe the benefits of commercial agriculture where
smallholder farmers will have the opportunity to become emergent or commercial
farmers with affordable access to irrigation and other agricultural support services. In
most cases, policy intervention and implementation of these programmes have been
successful particularly in large scale irrigation projects and well established and
experienced irrigation farmers. However, several factors such as inadequate resources,
remoteness and location of farming villages, poor infrastructures, shortage of water
and arable land as well as farmers willingness and experience in farming might in turn
limit effective policy intervention and implementation for sustainable irrigation

farming.

Respective district council in the study area via district agricultural and irrigation
officer are responsible for providing advice and support to the irrigation farmers on
improved farming activities so as to adapt and cope with existing and ongoing climate
change impacts. They should also equip irrigation farmers with knowledge and skills
on how to solve other irrigation farming problems such as poor soil fertility, soil and
water conservation techniques and controlling crop pest and adding value to the crops
produced. This will contribute to increased crop or vegetable production which is
currently highly demanded in market due to various socio-economic growths in the
two regions. There seems to be a high potential for socio-economic development in
the study area tied to on-going natural gas development activities (LNG Plant in
Lindi) and the long awaited Mtwara Development Corridor (MtDC) Project.
Following this and other opportunities related to coastal tourism development,
industrial development and urban settlement; food production particularly vegetables

and fruits production will be highly demanded in the study area (Mtwara and Lindi
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town). This calls for an immediate policy intervention to help poor irrigation farmers
producing at a very small scale to enhance production and cater for the existing and
future vegetable and fruit demand as many people are arriving in Mtwara and Lindi in

search for job and land.

Institutional support particularly research and provision of subsidies to help irrigation
farmers to adapt and cope with the effects of climate change impacts is desirable so as
to maximise crop production and sustain dry land irrigation farming throughout. For
example, district council in coordination with other key stakeholders such as large
projects in the study area (Liquidified Natural Gas - LNG project in Lindi, Mtwara
Corridor Development projects) as well as other local and multinational investors
(Mtwara and Dangote cements) should mobilise some investment and resources to
support dry land irrigation farming schemes in the region. This will not only benefits
farmers but it will also reduce the cost incurred by other logistics company supplying
food services to these multinational companies by relying on local produce and
supply. Additionally, supporting local farmers means enhancing food baskets and this
makes the study area become self-sufficient since most of the fresh produce found in
various main market in Mtwara and Lindi, collectively comes from local farmers in
the study area. The consistent request from irrigation farmers through questionnaire
responses as well as through interviewees and FGD’s from participants for help in
getting access to information and training skills pertaining to irrigation, access to
farming inputs, subsidies and local markets for fresh produces are both evidence of
utmost needy for policy interventions for decreasing vulnerability and enhance

resilience in irrigation farming in the study area.

Several studies have suggested similar policy interventions to help smallholder
farmers to reduce their vulnerability to climate change impacts and enhance their
capacity to sustain agricultural farming. For example, similar findings to the study
above were put forward by Deressa et al. (2008) and Gbetibouo and Ringler (2009)
where they argued that in order to support farmers in terms of adaptation, it is
important for the government and other stakeholders to provide adequate agricultural
extension information services to local farmers as well as access to market and
stimulating both agricultural intensification and diversification of livelihoods

especially within the large subsistence farming sector. In a nutshell, access to market,
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extension services and information pertaining to irrigation farming practices are very
important as they bring awareness to the farmers and empower them to make
informed decisions such as what crop is profitable and at what time to plant
(depending on local condition and agro-ecological zone) as well as how to tend the

crops so as to maximize crop yield.

On the other hand, Mkavidanda and Kaswamila (2001) suggested the need of
establishing farmer groups for easy access to credit for buying farm inputs and
advisory services while Chikodz et al. (2010) emphasized the need for water
harvesting to ensure water storage for crop production during dry season and other
human activities. Other studies such as URT (2005); IFAD (2007) and Msaky et al.
(2010) recommended that farmers’ education and awareness on agricultural
production and climate change related information should be given priority by
responsible key stakeholders. For effective policy interventions, local participatory
approach and market-based outcome should be emphasized. In general, the study
findings from various literatures share some similarities with those mentioned in this
study due to the fact their findings and suggestions have been identified by irrigation
farmers in the study area as necessary interventions which can reduce farmer’s
vulnerability to climate change impacts and enhance their adaptive capacity and long-

term resilience.

9.5 Summary

The detailed adaptive capacity (resilience) of the farmers in the study area was
described in this chapter. By using farmer’s knowledge, the resilience of dry land
irrigation farming schemes to climate change impacts in the study area were explained
in details. In this chapter, farmers described how irrigation farming is adapting and
coping (becoming resilient) to climate change impacts. In this study, majority of the
farmers expressed resilience as having support (particularly access to information and
resources) they get from relatives and government that helps them to carry on
irrigation farming even in the face of climate change impacts (water shortage and
extreme temperature). Other farmers described resilience as the level of preparedness
and ability to react and take action to prevent further damage from climate variability

(reducing crop damage and wilting) while the remaining farmers understood
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resilience as becoming accustomed to the changes brought about by climate change
impacts. Similar findings were also noted in other scholarly work where the term
resilience have been described as ability to react (respond) as well as becoming
accustomed (adapt) to the ongoing climate changes while support and entitlement

from key stakeholders have been termed as part of adaptive capacity.

The details of resilience in the study area were described in terms of different
adaptation and coping strategies as well as different livelihoods diversification. The
findings shows that farmers in the study area have been testing and adopting different
adaptation strategies that have helped their irrigation farming practices to respond to
climate change impacts over many years. Different adaptation strategies used by
farmers in the study area includes using different crop varieties (drought resistance
crop-okra and shorter cycle crops-amaranthus); use of improved farming methods
(mulching, tilling); use of various soil and water conservation techniques (crop cover)
as well as increase rate of irrigation and using available soil moisture by planting

crops at the bottom valley.

Differences were noted in each village regarding the adaptation strategies adopted by
farmers. For example, few farmers in Mpapura and Mkwaya villages were seen trying
different crop varieties other than green vegetables (such green pepper, egg plants,
passion, cucumber, watermelon) which were not common around the study area while
the use of manual pump, water pipes, and other irrigation equipments were seen on
various fields visited (in Mbuo, Mkwaya and Mnazi Moja villages) indicating farmers
efforts to adapt to the effects of increasing temperature, excessive evaporation and
water shortage by increasing water inputs. These different adaptation strategies used
by farmers are essential for irrigation farming as they have the greatest payoff in
terms of increased crop productivity and yield which in turn reduce vulnerability and
thereby enhancing resilience of dry land irrigation farming schemes as well as
improving the capacity of irrigation farmers, especially those who depend on surface

water for irrigating crops.

Information from the interviewees and participants from FGD’s yielded similar
findings though they described that the adaptation strategies that were made on the

farm were merely for increasing crop productivity, crop yield and securing good
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market so as to earn sizeable income rather than counteract the effects of climate
change impacts. In this chapter, different coping strategies (attributes to resilience)
were used by farmers in the study area. These includes engage in selling livestock’s-
chickens, use effective soil and water conservation techniques-mulching, engage in
alternative enterprises-craft works and intensifying farming such as intercropping and
cultivation on both sides of the river bank. At village level, Chimbile A and Chiheko
village were seemed to cope better with the impact of increasing temperature and
water shortage by utilizing effectively soil and water conservation techniques while
Mpapura, Mkwaya and Mnazi Moja villages were seemed to cope better with the
same effects by engaging in alternative enterprises such as disposing craft works,

hawking and small scale business as well as selling labour.

Several factors that influenced the choice of adaptation and coping strategies were
also described by farmers in this chapter. These include farming skills and experience,
different resource owned, farmer’s perception, land and water availability. Other
empirical evidence that exists related to what determines farmers’ individual
adaptation decisions includes households income, size and age of households,
occupation of household head, access to credit, access to extension services and
training, high incidences of crop pest and disease and perceptions of farming
households towards climate change impacts. In this chapter, other different coping
strategies in the study area used by irrigation farmers to adapt and cope with the
impacts of climate change includes livelihood diversification from irrigation farming
to off-farm activities such as charcoal and firewood production, casual labour, fishing
activities and coastal gathering and migration to the nearest town in search for jobs
particularly cheap labour. Those migrated to urban area, used remittances to help

relatives back at home to buy food and cope with low yield.

The chapter also indicated how some of the farmers failed to adapt and cope to
climate change impacts due to lack of experience in irrigation farming activities,
inadequate farm resources and access to information. Furthermore, field observation
showed that few farmers who have failed to adapt and cope to climate change impacts
seemed not to understood particularly what are they are supposed to adapt to and how
should they effectively adapt so as to achieve maximum crop yield per season.

Analysis from field observation, showed several indicators such as availability and

260 |Page



continuous use of manual pump, variety of seeds, soil and water conservation
practices, livelihood diversification and reduced farm size as well as intensification of

irrigation farming,.

Despite several efforts made by farmers in responding, adapting and coping with
climate change impacts; the complexity and diversity of poor livelihood strategies in
the study area have increasingly made farmers remained impoverished due to lack
sustainability and thereby limiting farmer’s adaptive capacity. Thus, potential long-
term policy interventions and strategic actions regarding existing adaptation options
and short term coping strategies are critically needed to support irrigation farmers to
reduce their vulnerability and enhance their adaptive capacity (resilience) to the

adverse effects of climate change impacts and climate variability in the study area.

Farmers in the study area mentioned several short-term and long term interventions to
help them to adapt and cop with the adverse effects of climate change impacts so as to
reduce vulnerability and enhance resilient of dry land irrigation farming schemes. On
the longer term basis, adaptation interventions needed includes support on training
improved farm skills and innovation in irrigation farming; water harvesting
technology particularly construction of large pond/reservoirs for storing storm water
from surface runoffs as well as provision of farm resources such as improved seeds
and irrigation equipments such as irrigation pumps. On medium and short-term basis,
coping interventions needed by farmers includes provision of alternative jobs;
creating market for crop produces; provision of food aid during low or bad harvest
season as well as free access to natural resources such as forest products and

sea/ocean (fishing and coastal gathering).

The availability of various government policy document such as National Irrigation
Master Plan (2002); District Irrigation and Water Harvesting Project (2005) and
National Irrigation Policy (2009) all seeking to promote sustainable growth in the
agricultural sector particularly promotion and investment in irrigation farming
schemes. This indicates the importance of various stakeholders’ willingness to
support irrigation farming and boost agricultural production. Other available policy
documents in the country include National Strategy for Growth and Reduction of

Poverty (NSGRP-Cluster III, 2005); Agricultural Sector Development Programme
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(ASDP, 2006); National Adaptation Programme of Action (NAPA, 2007); Tanzania
National Irrigation Policy (2009) and Southern Agricultural Growth Corridor of
Tanzania (SAGCOT, 2010). These documents can provide interventions to enhance
irrigation farmer’s adaptation to climate change impacts and enhance resilience once
implemented effectively and successful. Similar findings related to the policy
interventions as indicated by irrigation farmers in the study area and various national
reports were put forward by several other studies indicating the importance of policy
interventions to reduce vulnerability and enhance resilient of dry land irrigation

farming against adverse effects of climate change impacts.
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CHAPTER 10: CONCLUSION AND RECOMMENDATION

10.0 Introduction

This chapter presents conclusion and recommendation for the study. It presents the
salient findings of the study regarding vulnerability and resilience of dry land
irrigation farmin schemes against climate change impacts in Southern Eastern
Tanzania. The purpose of this study was to assess factors that expose dry land
irrigation farming to climate change impacts and its sensitivity that makes irrigation
farming vulnerable while exploring the adaptive capacity of farmers that makes them
resilient to climate change impacts. The effects of exposure to climate change impacts
and inability of dry land irrigation farming schemes to cope with ongoing changes has
been the motives for undertaking this research study. Furthermore, the study assessed
other factors such as poor methods of farming, lack of farm inputs and access to
information and overdependence on surface water that makes farming sensitive and

increase its vulnerability to climate change impacts.

The study also uncovered that while irrigation farmers are striving to pursue
alternative livelihood activities, their vulnerability is increased as some of the
diversified economic activities are unsustainable. Failure of responsible institutions to
make follow-ups and address the inherent weakness of farmers main livelihoods in the
study area have, in turn, made irrigation farmers to resort to activities with low
potential to improve their living standards and thereby continue to be in poor state of
poverty. The aim of assessing the above described factors was the quest to address the
challenges facing dry land irrigation farmers (vulnerability) in the study area and their
ability to respond to the ongoing impacts of climate change. Therefore, this will help
policy and decision makers in the study area to makes informed decisions regarding
vulnerability of dry land irrigation farming schemes against climate change impacts.
Through various planning and development programmes; both policy and decision
makers can take strategic actions to intervene and support farmers efforts to combat
adverse effects of climate change impacts in the study area. This will help irrigation
farmers adapt to the effects of ongoing climate variability and enhance crop
productivity, food security and income as well as socio-economic growth at local

level and countrywide.
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10.1 Summary of the Key Findings

The results show that the state of local climate in the study area is changing and these
changes have been occurring over the past 25 — 30 years. The temperature and rainfall
data (key climatic variables) from Tanzania Meteorological Agency (2015) and
Climate Portal shows that temperature had been increasing particularly intensity of
sunlight while rainfall characteristics have changed, in terms of amount, distribution
since 1930. The number of rain days per year has decreased as well with
unpredictable rainfall and increasing frequency of dry spells period. These changes
coupled with wind movement have tremendous effects on dry land irrigation farming
schemes as they affects soil moisture balance which influence crop productivity.
Furthermore, the influence of localised weather effects due to close proximity to the
Indian ocean, higher demands for water consumption and poor land use changes in the

region, exacerbate the already existing climate change effects.

Responses from farmer’s perception and key interviews on changes in the state of
local climate conformed to the analysed data from Tanzania Meteorological Agency.
As irrigation farmers perceived changes in the state of local climate; key interviews
compared these changes over the past 25 — 30 years and how they affects irrigation
farming while experts (zonal irrigation officer and water basin officer - RSCB)
compared the level of water availability in Ruvuma River during the dry season in the
past 10 years and described that it keeps on decreasing every year. These changes
reduce water availability and soil moisture balance which in turn affects irrigation
farming schemes (crop wilting, pest outbreak) during the dry season. This contributes
to low crop productivity and yield, thereby compromising irrigation farming schemes

as this makes farming practices vulnerable and reduces adaptive capacity of farmers.

The vulnerability of dry land irrigation farming in the study area is due to exposure
and sensitivity to adverse effects of climate change impacts. Exposure of irrigation
farming is manifested due to extreme temperature and moisture loss which cause crop
wilting and low yields. Irrigation farming practices using surface water from ponds
(ndiva/lambo) and rivers (mfereji) are prone to excessive evaporation and infiltration
while dug-out ponds (vinyungu) are affected by falling water-tables thereby

intensifying the vulnerability effects. The analysis shows that changes in the state of
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local climate have complex and unprecedented effects on dry land irrigation farming
schemes which makes it difficult for the farmers to realise and solve the problem
instantly. For example; an increase in rainfalls cause weeds to grow fast which affect
land preparation and thereby making farmers incur more labour force and time needed
to clear and prepare the land for dry season farming. On the other hand crop wilting
does not only contribute to poor crop productivity and low crop yield but also
contribute to poor crop quality which affects household income of the farmers as
produced vegetables fetch low price at the market hence low income earned to the
farmers. One of the major threats making irrigation farming practices most vulnerable

farming business in the study area is adverse effects of climate change impacts.

The frequency and severity of crop wilting, pest and weeds infestation were among
the major factors making irrigation farming more risk business. Analysis from
respondents shows that crop wilting were common in Mbuo, Mpapura, Chiheko
village while pest and weed infestation were observed in Mkwaya, Chimbile and
Mnazi moja villages. The vulnerability of irrigation farming schemes to the adverse
effects of climate change impacts is not uniform across all six villages studied. The
diversity and complexity of farmer’s perceptions regarding vulnerability are signalled
by farming experience, water source availability, resource endowment and access to
information. For example farmers in Mbuo, Mpapura and Chiheko villages had less
access to agricultural extension services which made them more vulnerable compared
to Mkwaya, Mnazi moja and Chimbile A villages. Similar arguments were put
forward by interviewees and participants from FGD’s who mentioned that lack of
access to frequent information and knowledge about climate change impacts and
adaptation measures; increasingly makes dry land irrigation farming schemes
vulnerable as it exposes their farming schemes to other set of stressors such as high
cost of tending the crops (watering) or controlling pests and diseases that attacks
crops. This information was rejected by District agricultural officers as they narrated
that they have plan of action which follows each village agricultural calendar and that

agricultural extention education services are offered free of charge.

Sensitive factors that affects dry land irrigation farming in the study area includes
poor soil conditions, poor farming practices, resources owned and entitlements. In

spite of the different factors making irrigation farming practices vulnerable to climate
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change impacts; exposure to climatic variability (temperature and rainfalls variability)
had emerged to be critical as it affects water availability and contributing to crop
wilting which are the core foundation for crop performance, productivity and yield in
the study area with respect to irrigation farming. In this study, risk associated with dry
land irrigation farming includes crop failure, reduced yield and poor crop quality
production. Field observation showed that risk in dry land irrigation farming is more
associated with poor decision making that stems from commencement of dry season
farming rather than from climate change impacts alone. Among the risk associated
with poor decision making include farmer’s poor decision in site selection, land
preparation, seed selection (variety) and which farming methods to employ during
crop tending. In the study area, one of the inevitable aspects of vulnerability observed
during field visits is that during rainy season bottom valleys are not suitable for
cultivation as they are flooded by heavy rainfalls (not suitable for rice farming) while

during dry season the land is exposed to moisture stress from excessive evaporation.

Despite the exposure and sensitivity (vulnerability) of dry land irrigation farming
schemes to adverse effects of climate change impacts; farmers described different
adaptive capacity (resilience) in the study area such as having support from relatives
and government, taking action to prevent further damage from climate variability and
becoming accustomed to the ongoing climate changes. Results shows that farmers in
the study area have been testing and adopting different adaptation strategies that have
helped farmers to respond to climate change impacts over many years. Adaptation
strategies includes using different crop varieties (drought resistance crop-okra and
shorter cycle crops-amaranthus); use of improved farming methods (mulching); use of
various soil and water conservation techniques (crop cover) as well as increase rate of

irrigation and using available soil moisture by planting crops at the bottom valley.

Differences were noted in each village regarding the adaptation strategies adopted by
farmers. For example, few farmers in Mpapura and Mkwaya villages were seen trying
different crop varieties other than green vegetables (such green pepper, egg plants,
passion, cucumber, watermelon) which were not common around the study area while
the use of manual pump, water pipes, and other irrigation equipments were seen on
various fields visited (Mbuo, Mkwaya and Mnazi Moja villages) indicating farmers

efforts to adapt to the effects of increasing temperature, excessive evaporation and
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water shortage by increasing water inputs. These different adaptation strategies used
by farmers are essential for irrigation farming as they have the greatest payoff in
terms of increased crop productivity and yield which in turn reduce vulnerability and
thereby enhance farmer’s resilience to climate change impacts. At village level,
Chimbile A and Chiheko village were seemed to cope better with the impact of
increasing temperature and water shortage by utilizing effectively soil and water
conservation techniques while Mpapura and Mnazi Moja villages were seemed to
cope better with the same effects by engaging in alternative enterprises such as

disposing craft works, hawking and small scale business as well as selling labour.

Several factors had influenced the choice of adaptation and coping strategies such as
farming skills and experience, different resource owned, farmers perception, land and
water availability. Other different coping strategies such as changes from farm to off-
farm activities were mentioned by farmers in the study area. These include charcoal
and firewood production, hired labour, fishing activities and coastal gathering and
migration to the nearest town in search for jobs particularly casual labour in
construction industry. Those migrated to urban area, used remittances to help relatives

back at home to buy food, diversify farming and cope with low yield.

Analysis also indicated how some of the farmers have failed to adapt and cope to
climate change impacts due to lack of experience in irrigation farming activities,
inadequate farm resources and access to information and poor institutional setups
which makes farmers fail to moderate harm from climate change impacts or fail to
exploits beneficial opportunities such as flood water resulting from climate change
impacts. Lack of advisory agricultural services is a serious agenda particularly in dry
irrigation farming where water fluxes; temperature variability and pest control are
issues of concerns for reducing vulnerability and thereby maximizing crop
productivity and yield. Despite several efforts made by farmers in responding,
adapting and coping with climate change impacts; the complexity and diversity of
poor livelihood strategies in the study area have increasingly made farmers remained
impoverished due to lack of sustainability in off-farm activities and thereby limiting
farmer’s adaptive capacity. Thus, potential long-term policy interventions and
strategic actions regarding existing adaptation options and short term coping strategies

are critically needed to support irrigation farmers to reduce their vulnerability and
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enhance their adaptive capacity (resilience) to the adverse effects of climate change

impacts and climate variability in the study area.

10.2 Implications of the Findings

Vulnerability and resilience of dry land irrigation farming schemes to the climate
change impacts is complex and diverse. This is because of interlinkages between
exposure and sensitivity of irrigation farming schemes as well as (in) ability of the
farmers to respond, adapt and cop with the adverse effects of climate change impacts;
factors which have been incompletely considered to date. An interdisciplinary
approach is needed for a better understanding of their susceptibility and adaptive
strategies. The vulnerability and resilience assessment was used to examine factors
that expose dry land irrigation farming to climate change impacts and its sensitivity
that makes irrigation farming vulnerable while exploring the adaptive capacity of
farmers that makes them resilient to the ongoing climate change impacts. The study
combined various quantitative data (Tanzania Meteorological Agency, National and
Regional Reports) and qualitative data (farmers perceptions, experts interviews, field
observation) to understand the vulnerability and resilience of dry land irrigation
farming to the adverse impacts of climate change. The study contributes to knowledge
of irrigation farming practices as it unearthed several factors that makes farming
practices vulnerable to adverse effects of climate change impacts. These includes
exposure and sensitivity of dry land irrigation farming schemes due to changes in
climatic variables affecting water availability and soil moisture balance which in turn
affects irrigation farming schemes through crop wilting and pest outbreak as well as
reduction in crop yield which compromising the farming practices and thereby

making it vulnerable and reduces adaptive capacity of farmers.

The main causative factor, i.e changes in the state of local climate, have complex and
unprecedented effects on dry land irrigation farming schemes which makes it difficult
for the farmers to realise and solve the puzzle instantly as these changes happens
slowly and takes time to emerge and reveal. Despite these changes and effects;
farmers in the study area have been testing and adopting different adaptation
strategies such as using different crop varieties (drought resistance crop-okra); shorter

cycle crops-amaranthus); use of improved farming methods (mulching) and use of
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various soil and water conservation techniques (crop cover) that have helped farmers
to respond to climate change impacts over many years. At the same time, several
factors have affected farmer’s ability to respond, adapt and cope with ongoing
changes. Failure of responsible institutions to make follow-ups and address the
inherent weakness of farmers main livelihoods in the study area have, in turn, made
irrigation farmers to resort to activities with low potential to improve their living
standards and thereby continue to be in poor state of poverty. With such indepth
analysis of all factors affecting irrigation farming (vulnerability) and ability to farmers
to respond, adapt and cope with adverse effects (resilience); this research study adds
to a growing body of scholarly works wherein topics that would otherwise follow
single-discipline boundaries are examined through multiple theoretical approaches.
The research contributes significantly to the local, national and international ongoing

efforts in addressing adaptation strategies particulary in agricultural production.

Based on the above findings, interventions to support irrigation farmers’ adaptation
and coping strategies to the adverse effects of climate change would help decision-
makers to craft appropriate policy responses. These interventions need to consider
local farmers’ knowledge and experiences particularly those involved deeply in
irrigation farming practices. A number of appropriate potential long-term policy
interventions and strategic actions regarding existing adaptation options such as
training on improved farming skills; development and strengthening of water
management innovations (water harvesting technology) are critically needed to
support irrigation farmers adaptation strategies to reduce their vulnerability and
enhance their adaptive capacity (resilience) to the adverse effects of climate change
impacts and climate variability in the study area. Different short-term coping
strategies such as off-farm activities (e.g craft works) and diversified livelihoods
strategies (e.g fish farming, agro-forestry) must be careful identified, recognized and
addressed considering their varying attributes to socio-economic development and
sustainability. Alternative jobs and enterprises, local market for crop produces and
access to natural resources that will cushion farmers bad harvest season (low crop
yield) and maximize farmer’s ability to cope and improve their livelihood conditions
and contribute to sustainable development should be addressed and encouraged

through various agricultural extension services.
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These interventions should focus on the nature and scale of different irrigation
farming schemes since farmers may share similar agro-ecological characteristics but
do not share similar farm production considerations due to various factors such as
resource owned, type of crops produced and water availability. Introduction of crop
varieties such as higher yielding crops (okra, green peppers, and tomatoes) and new
crops that command higher market price (watermelon, cucumber, egg plant) would be
beneficial to enhance household income of the farmers. Impediments such as lack of
access to agricultural information, farm inputs and institutional failures, should be
minimised through formulation of policies that aim at broader sectorial interventions
that strengthen human and financial capital so as to effectively build adaptive capacity
along the irrigation farming villages in South Eastern Tanzania. Other important
measures includes various planning and development programmes such as
development of local infrastructure (access to roads and local market) that would

contribute to socio-economic growth at local level and countrywide.

Various objectives, goals and targets mentioned in different government policy
documents such as National Irrigation Master Plan (2002); District Irrigation and
Water Harvesting Project (2005); National Strategy for Growth and Reduction of
Poverty (2005); Agricultural Sector Development Programme (2006); National
Adaptation Programme of Action (2007); Tanzania National Irrigation Policy (2009)
and Southern Agricultural Growth Corridor of Tanzania (2011); regarding irrigation
farming practices countrywide should be articulated and mainstreamed at village level
development programmes and action plans so as to stir-up effective implementation,
monitoring and evaluation. Deliberate efforts should be taken by other stakeholders
such as Lindi and Mtwara Agricultural Program - LIMA, Aghakan Foundation and
other local NGO’s playing a key role in assisting households to reduce vulnerabilities
and enhance resilience by providing training on improved irrigation farming practices,
farm inputs (improved seeds, pesticides and irrigation equipments) and help farmers
to realise their aspiration of supplementing food security and household income.
National Adaptation Plans (2007) can be used as a guideline in addressing policy
interventions and strategies. While NAPA (2007) is designed primarily to identify and
promote activities that address urgent and immediate needs for adapting to the adverse
impacts of climate change; the recent developed UNFCCC, NAP-Agriculture has the

potentials to support various adaptation endeavours particularly in agricultural sectors
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alone and enhance adaptation efforts and long-term resilience of the irrigation farmers

in South Eastern Tanzania and the rest of the country.

10.3 Recommendation
10.3.1 Policy recommendation

Specific the research suggest the need for irrigation policy to address various issues
affecting dry land irrigation such as crop pest and disease control; development of
plans to assist with mainstreaming dry land irrigation farming practices into various
agricultural development programmes at district and local level and updating of
district irrigation plans to consider water availability and climate change problem as
well as development and management water resources and provision of simple water
harvesting technologies. There is potential for further improvement of dry land
irrigation farming practices in the study area given the comparative advantages in
terms of soil quality, irrigation potential and water availability. Various stakeholders
in the study area such as GoT, Agakhan Foundation, LIMA, PASS, ASDP, NARI,
SAGCOT and Southern Zonal Irrigation, RSCB as well as respective district council
can help irrigation farmers to respond, adapt and cope with ongoing climate change
impacts through providing support such as improving basic mechanisation, use of
improved seed variety (high yielding seed), training on improved farming skills and
water harvesting technology and storage facilities as well as organising contract

farming and training on value addition.

Furthermore, irrigation farmers should be supported to access to reliable bulk water
supply for irrigating crops with a small dam/storage reservoir and distribution systems
so as to fully utilizing land resources and maximize yield per ha per season. Use of
organic fertilizer, integrated pest management including and seed money for
purchasing seeds and irrigation equipment such as manual pumps, pipes (drips) and
watering cans. Additionally, capacity building to groups of irrigation farmers and
entrepreneur/middlemen involved in vegetable and fruits market in the study area is of
paramount importance. The capacity building can be in form of farm management
skills (improved irrigation farming practices); training on yield increase and post

harvest technology for green vegetables and other crops grown in irrigated areas.

271 |Page



Other trainings include agro-processing and packaging training for produced
vegetables in the study area as well as operation and maintenance of irrigation
equipments and storage facilities. Farmers in the study area should also be assisted
with creating local market (satelites outlets) within the villages and link those market
with main market or buyers in Lindi and Mtwara town as well as linking them with
commercial bank or financial institutions for accessing loan. Others recommendation
includes improvement of access to information pertaining improved farming skills,
improved seeds, intergrated pest management and affordable irrigation equipment
such as small-scale irrigation pumps and simple greenhouse equipment through access

to microfinance schemes.

10.3.2 Recommendation on Future Research

The study has made an attempt to address vulnerability and resilience of dry land
irrigation farming schemes to the adverse effects of climate change impacts in South
Eastern Tanzania. While this study contributes to both knowledge and policy, it was
limited in terms of climate variables covered (only temperature and rainfall); thus it
was not exhaustive and has limitations. In order to fill unidentified gaps; it is worth
mentioning here that the limitations of this study can be considered when designing
future research work that may supplement the current work. The study provides few
recommendations below that can help to provide more information and pave the way

for improving farmer’s adaptation and coping strategies.

Firstly the study recommends further research on long-term changes in the state of
local climate specifically how these changes manifest themselve on dry land irrigation
farming practices. This is contributed to the fact that lack of empirical studies on
vulnerability and resilience to climate change impacts in the study area made this
study not to explore enough empirical evidence on the exposure of farming schemes
and adaptive capacity of farmers. Ideally, the availability of information (data from
Tanzania Meteorological Agency) on long-term adverse effects of climate change
impacts would have helped to strengthen early warning systems and provide weather
forecasts and predictions to farmers who are the most decision makers on irrigation
farming practices regarding what to plant, when to plant and how to tend the crop,

thereby increase crop productivity and improve crop yield.
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Secondly, as this study did not model any changes in climate variables against farming
practices and crop productivity to clearly identify the extent to which changes in the
state of local climate economically affect crop yield and household incomes; its
recommend that research should focus developing models to show how this
interrelationship occurs and affects dry land irrigation farming schemes. In similar
aspects; the contribution of household income from several off-farms activities (such
as charcoal making, animal keeping, selling labour, remittance) were not
economically identified and estimated which argues the need for further research to
fill the gaps. Furthermore, it would be indispensable to identify vulnerable farmers
amongst irrigation farming communities and ascertain which type of interventions
would be instrumental in assisting their adjustment when opting for an alternative
income generating activities. This is because exposure and sensitivity to climate

change vary across irrigation farming comunities and the type of crops produced.

Thirdly, due to availability of abundance non-forest products such as wild fruits,
roots, building materials and papyrus from wetlands; the study also recommend
sustainable harvest of natural resources. The study recommend that farmers should be
encouraged to sustainably harvest wild fruits (mabungo, vitolongo) and wild roots
(mingoko) as well as utilizing simple technology to harvest, process and dry fresh

mangoes so as to increase food options and security during harsh conditions.

Finally, though concern on poor vegetable market and lack of agricultural inputs as
well as training from extention officers expressed by respondents were nullified by
district agricultural officers; this should not be ignored and left unattended.
Transformation of irrigation farming through research on market chain and value
addition for fresh vegetable production should also be among district councils’ agenda
so as to produce a clear view on how farmers can enhance crop productivity and
increase income earned from irrigation farming. Due to diversity and complex nature
of adaptation and coping strategies, this implies that there is no single approach for
assessing, planning, and implementing adaptation measures. Future adaptation
assessments must therefore flexibly apply different methodological approaches to

produce knowledge that is relevant in a particular decision context.

273 |Page



References

Adger, W.N., (2006). Vulnerability. Tyndall Centre for Climate Change Research.
Elsevier. Global Environmental Change 16 (2006) 268—28]1.

Adger, W.N., S. Agrawala, M.M.Q. Mirza, C. Conde, K. O’Brien, J. Pulhin, R.
Pulwarty, B. Smit, and K. Takahashi, 2007: Assessment of adaptation practices,
options, constraints and capacity. In: Climate Change 2007: Impacts, Adaptation
and Vulnerability. Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change [Parry, M.L., O.F.
Canziani, J.P. Palutikof, P.J. van der Linden, and C.E. Hanson (eds.)].
Cambridge University Press, Cambridge, UK and New York, NY, USA, pp.
717-743.

Adger, W. N., (1999). Social vulnerability to climate change and extremes in coastal
Vietnam. World Development 27(2): 249-269.

Adger, W. N., Brooks, N., Bentham, G., Agnew, M., and Eriksen, S., (2004). New
indicators of vulnerability and adaptive capacity. Tyndall Project IT1.11:
Technical Report 7. Tyndall Centre for Climate Change Research.

Adger, W.N., Hughes, T.P., Folke, C., Carpenter, S.R., Rockstrom, J., (2005). Social—
ecological resilience to coastal disasters. Science 309 (5737), 1036—-1039.

Adger, W.N., Agrawala S., Mirza, M.M.Q., Conde, C., O’Brien, K., Pulhin, J.,
Pulwarty, R., Smit, B., and Takahashi, K., (2007). Assessment of adaptation
practices, options, constraints and capacity. Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change, M.L.
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds.,
Cambridge University Press, Cambridge, UK, 717-743.

Akitanda, P. (1994) Local People Participation in Management and Utilization of
Catchment Forest Reserves: A Case of Kilimanjaro Catchment Forest Reserve
Tanzania.

Aliaga M. and Gunderson B., (2002). Interactive Statistics. Thousand Oaks, CA:
SAGE Publications, Inc.

Allen Consulting., (2005). Climate change risk and vulnerability. Promoting an
efficient adaptation response in Australia. Canberra, Department of the

Environment and Heritage, The Australian Greenhouse Office.

274 |Page



Allen, K., 2003. Vulnerability reduction and the community-based approach: A
Philippines study. In Natural Disasters and Development in a Globalizing
World, ed. M. Pelling, 170—184, New York: Routledge.

Amit G, Wha-Jin H., Jin H., Jung E. Kim and Kirsten H., (2007). From Vulnerability
to Resilience: The Challenge of Adaptation to Climate Change. A joint
publication of KEI and UNEP Risg Centre.

Angood, C., Chancellor, F., Morrison, J., Smith, L., 2003. Contribution of irrigation
to sustaining rural livelihoods: Bangladesh case study. HR Wallingford
technical report OD/TN 114, Wallingford, UK.

Artumas Group Inc., (2005). Mtwara Energy Project Phase II Activities: Final
Environmental Impact Statement Vol I — Main Report, Calgary, Alberta.

ASDP., 2013. Agricultural Sector Development Programme. In Nkonya, E.,
Gezehegn, L. K., Kilasara, M., Kahimba, F., Nassoro, H., 2013. “Impact
Evaluation of the Irrigation Investment of the Agricultural Sector
Devevelopment Programme”. A Report Submitted to MAFCS, JICA, USAID
and World Bank (Tanzania Office).

Aulong, S., and Kast, R., (2011). A Conceptual Framework to Assess Vulnerability:
Application to Global Change Stressors on South Indian farmers. A VMCS2008
Program (SHIVA project n ANR-08-VULN-010-01). French Research National
Agency.

Bacanli. U. G, Dikbas. F, and Baran. T, (2011). Meteorological drought analysis case
study: Central Anatolia. Desalination and water treatment. DOIL:
10.5004/dwt.2011.2105.

Bakker H., (2011). Food Security in Africa and Asia: Strategies for Small-scale
Agricultural Development. CAB International 2011.

Banzi, F.M., Kips, P.H. A. and Kimaro, D.N., (1992). Soil Appraisals of Four Village
Irrigation Schemes in Mwanga District, Kilimanjaro Region. National Soil
Service (NSS) Report. Tanga, Tanzania.

Bankoff, G., (2004). The Historical Geography of Disaster: ‘Vulnerability’ and ‘Local
Knowledge’ in Western Discourse. Earthscan, London, UK.

Babbie, E. R., (1990). Survey research methods. Belmont, CA, Wadsworth

Bailey, K. D. (1994) Methods of Social Research (fourth edition). New York: The

Free Press.

275|Page



Barkley, D. L. (2006). The Value of Case Study Research on Rural Entrepreneurship:
Useful Method? Presented at the Joint ERS-RUPRI Conference, Exploring
Rural Entrepreneurship: Imperatives and Opportunities for Research,
Washington, DC, October 26-27, 2006.

Barsley W., De Young C., and Brugere C., (2013). Vulnerability Assessment
Methodologies: An Annotated Bibliography for Climate Change and the
Fisheries and Aquaculture Sector. FAO Fisheries and Aquaculture Circular No.
1083. Rome, FAO.

Bazely, P., (2004). Issues in Mixing Qualitative and Quantitative Approaches to
Research. In. R. Buber, J. Gadner, & L. Richards (Eds.) Applying Qualitative
Methods to Marketing Management Research. UK: Palgrave Macmillan.

Behrman J., Billings L. and Peterman A., (2013). Evaluation of Grassroots
Community—Based Legal Aid Activities in Uganda And Tanzania
Strengthening Women’s Legal Knowledge and Land Rights. CGIAR
Systemwide Program on Collective Action on Property Right. CAPRi Working
Paper No. 108.

Belay, S. and Beyene, F., 2013. Small-scale irrigation and household income linkage:
Evidence from Deder district, Ethiopia. Academic Journal (African Journal of
Agricultural Reseasrch). Vol. 8(34), pp. 4441-4451.

Bennett, N. J., Blythe, J., Tyler, S., Ban, N. C., (2015). Communities and Change in
the Anthropocene: Understanding Social-ecological Vulnerability and Planning
Adaptations to Multiple Interacting Exposures. Regional Environmental
Change. SpringerLink.

Behrman J., Billings L. and Peterman A., (2013). Evaluation of Grassroots
Community—Based Legal Aid Activities in Uganda And Tanzania
Strengthening Women’s Legal Knowledge and Land Rights. CGIAR
Systemwide Program on Collective Action on Property Right. CAPRi1 Working
Paper No. 108.

BirdLife International, (2013). Biodiversity Status and Trends Report for the Eastern
Arc Mountains and Coastal Forests of Kenya and Tanzania Region.

Birkmann, J., Cardona, O. D., Carrefio, M. L., Barbat, A. H., Pelling, M.,
Schneiderbauer, S., Kienberger, S., Keiler, M., Alexander, D., Zeil, P., and
Welle, T., (2013). Framing vulnerability, risk and societal responses: the MOVE
framework. Springer Science Nat Hazards (2013) 67:193-211.

276 |Page



Boko M, Niang I, Nyong A, Vogel C, Githeko A, Medany M, Osman-Elasha B, Tabo
R and Yanda P. 2007. Africa. Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change, Parry M L, Canziani
O F, Palutikof J P, van der Linden P J and Hanson C E (eds). Cambridge
University Press. Cambridge UK. pp. 433 — 467.

Brabben, T., Angod, C., Skutsch, J., Smith, L., 2004. Irrigation can sustain rural
livelihood: Evidence from Bangladesh and Nepal. HR Wallingford Ltd. UK.

Brooks, N., (2003). Vulnerability, risk and adaptation: A conceptual framework.
Working Paper 38.

Brooks, N., Adger, W.N. and Kelly, P.M., (2005). The determinants of vulnerability
and adaptive capacity at the national and the implications for adaptation. Global
Environmental Change 15 (2005): 151-162.

Brown O, Crawford A and Gibson J, (2008). Boom Or Bust: How Commodity Price
Volatility Impedes Poverty Reduction and What to do About it. International
Institute for Sustainable Development, Manitoba, Canada. ISBN 978-1-894784-
04-7.

Burton, 1., Kates, R.W., White, G.F., (1993). The Environment as Hazard, Second ed.
Guilford, New York.

Burton, 1. J., Smith, B., Lenhart, S., (1998). Adaptation to Climate Change: Theory
and assessment. In Methods for Climate Change Impact Assessment and
Adaptation Strategies. (Edited by Feenstra, J.F, Burton, 1., Smith, J. B., Tol R. S.
J). Version 2.0, UNEP/RIVM: Nairobi and Amsterdam. 245-276.

Caretta, M. A., Westerberg, L., Borjeson L., Ostberg W., 2015. Labour, Climate
Perceptions and Soils in the Irrigation Systems of Sibou, Kenya and Engaruka,
Tanzania . ISBN 978-91-87355-15-8, Stockholm University, Sweden.

Cardona, O.D., M.K. van Aalst, Birkmann, J., Fordham, M., McGregor, G., Perez, R.,
Pulwarty, R.S., Schipper, E.L.F and Sinh B.T., (2012). Determinants of risk:
exposure and vulnerability. In: Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation [Field, C.B., Barros V.,
Stocker T.F., Qin D., Dokken D.J., Ebi K.L., Mastrandrea M.D., Mach K.J.,
Plattner G.-K., Allen S.K., Tignor M., and Midgley P.M. (eds.)]. A Special
Report of Working Groups I and II of the Intergovernmental Panel on Climate

277|Page



Change (IPCC). Cambridge University Press, Cambridge, UK, and New York,
NY, USA, pp. 65-108.

Carpano F. (2010). Strengthening Women’s Access to Land: the Tanzanian experience
of the Sustainable Rangeland Management Project. URT, Land Tenure Issues.

Carpenter S., Walker B., Anderies J.M., and Abel N., (2001). From Metaphor to
Measurement: Resilience of What to What?. Journal of Ecosystems. Springer-
Verlag.

Carpenter, S. R. (2003). Regime shifts in lake ecosystems: pattern and variation. In
Excellence in Ecology Series, Volume 15. Ecology Institute, Oldendorf/Luhe,
Germany.

Caruth G. D., (2013). Demystifying Mixed Methods Research Design: A Review of
the Literature. Mevlana International Journal of Education, Vol. 3(2), pp. 112-
122, Amberton University, Texas USA.

Chambers, R. 1989. Editorial introduction: Vulnerability, coping and policy. IDS
Bulletin 20 (2): 7.

Chikodzi D., Simba F.M, and Murwendo T., (2012). Perceptions, vulnerability and
adaptation to climatic change and variability in Masvingo Province. Greener
Journal of political sciences. Vol. 2 (5).

Ching L. L., Edwards S., and Scialabba N. E-H., (2011). Climate Change And Food
Systems Resilience In Sub-Saharan Africa. Office of Knowledge Exchange,
Research and Extension FAO, 2011.

Cioffi F, Monti A, Conticello F, and Lall U, (2014). Projecting Changes in Tanzania
Rainfall for the 21st century: Scenarios, Downscaling and Analysis. EU-Project
: ACC DAR Adapting to Climate Change in Coastal Dar es Salaam.

Cohen L., Manion L., and Morrison K., (2007). Research Methods in Education. 6th
Edition. Routledge, London.

Connolly. B. L., and Smit B., (2015). Climate change, food security, and livelihoods
in sub-Saharan Africa. SpringerLink, Regional Environmental Change.

Cooper P.J.M., Dimes J., Rao K.P.C., Shapiro B., Shiferaw B., and Twomlow S.,
(2008). Coping better with current climatic variability in the rain-fed farming
systems of sub-Saharan Africa: An essential first step in adapting to future
climate change? Elsevier: Agriculture, Ecosystems and Environment 126 (2008)

24-35.

278 |Page



Cramer D. and Bryman A., (2005). Quantitative Data Analysis with SPSS 12 and 13.
A Guide for Social Scientists. Routledge Publishers, London.

Creswell J.W., (2003). Research design: Qualitative, Quantitative, and Mixed
Methods Approaches. 2™ Edition. Thousand Oaks, SAGE Publications, Inc.
Creswell J. W., Plano Clark V. L., Gutmann M. L., and Hanson W. E., (2003).
Advanced Mixed Methods Research Designs. In A. Tashakkori and C. Teddlie
(Eds.), Handbook of Mixed Methods in Social and Behavioural Research (pp.

209-240). Thousand Oaks, CA: SAGE Publications, Inc.

Creswell J. W. and Garrett A. L., (2008). The Movement of Mixed Methods Research
and the Role of Educators. South African Journal of Education, 28:321-333.
Creswell J.W., and Clark, W.L., (2011). Designing and Conducting Mixed Methods

Research, 2" Edition. SAGE Publications, Inc.

Creswell J. W., (2012). Educational Research: Planning, Conducting, and Evaluating
Quantitative and Qualitative Research, 4" Edition, University of Nebraska —
Lincoln. Pearson.

Creswell, J.W., (2014). Research design: Qualitative, Quantitative, and Mixed
Methods Approaches. 41 Edition. Thousand Oaks, SAGE Publications, Inc.
Creswell, J.W., (2015). A Concise Introduction to Mixed Methods Research. 1%

Edition. SAGE Publications, Inc.

Crotty M., (1998). The Foundations of Social March: Meaning and Perspective in the
Research Process. London: Sage.

Cutter S. L, Mitchell J. T., and Scott M. S.. (2000). Revealing the vulnerability of
people and places: A case study of Georgetown county, South Carolina. Annals
of the Association of American Geographers 90(4): 713—737.

Daniel C. D., (2011). A Formal Theory of Resilience. A dissertation submitted in
partial fulfilment of the requirements for the degree of Master of Science in
Geoinformatics, University of Miinster, Germany.

Dawidowicz P., (2011). With Scholarship and Practice in Mind: The Case Study as
Research Method. The Journal of Applied Instructional Design, 1 (2).

Debbie H., (2014). Applying a Comprehensive Contextual Climate Change
Vulnerability Framework to New Zealand’s Tourism Industry. AMBIO 2015,
44:110-120. The Royal Swedish Academy of Science.

Deressa T., Hassan R. M. and Ringler C., (2008). Measuring Ethiopian Farmers’

Vulnerability to Climate Change Across Regional States. Environment and

279 |Page



Production Technology Division. IFPRI Discussion Paper 00806. International
Food Policy Research Institutes. IFRP, UK.

De Vaus D. A., (2002). Surveys in Social Research. Allen & Unwin, Australia.

Devkota, K.P., Hoogenboom, G., Boote, K.J., Singh, U., Lamers, J.P.A., Devkota, M.,
and Vlek, P.L.G., (2015). Simulating the impact of water saving irrigation and
conservation agriculture practices for rice—wheat systems in the irrigated semi-
arid drylands of Central Asia. Elsevier, Agricultural and Forest Meteorology,
214-215 (2015) 266-280.

DeWalt K.M., and DeWalt B.R., (2002). Participant Observation: A guide for
Fieldworkers, AltaMira Press, Walnut Creek, CA.

DFID., 2001. “Strategy for Research on Renewable Natural Resources”, Technical
Report for the DFID’s Natural Resources Systems Programme — Semi Arid
Systems.

Diao X., (2010). The Economic Importance of Agriculture for Sustainable
Development and Poverty Reduction: Findings from a Case Study of Ghana.
Global Forum on Agriculture 29-30 November 2010 Policies for Agricultural
Development, Poverty Reduction and Food Security, OECD, Paris.
TAD/CA/APM/WP (2010) 40 pp.

Djalante, R., Holley, C., and Thomalla, T., (2011). Adaptive Governance and
Managing Resilience to Natural Hazards. SpringerLink, Int. J. Disaster Risk Sci.
2011, 2 (4): 1-14.

Dlamini, N.S., Rowshon, M.K., Makhanya, M. and Sithole, S., (2014). The CDAA
Framework for Development of Sustainable Large-scale Smallholder Irrigation
Schemes in Swaziland. “ST26943”, 2nd International Conference on
Agricultural and Food Engineering, CAFEi2014”. Elsevier, ScienceDirect.
Agriculture and Agricultural Science Procedia 2 (2014 ) 386 — 393.

Driscoll D. L., Appiah-Yeboah A., Salib P., and Rupert D. J., (2007). Merging
Qualitative and Quantitative Data in Mixed Methods Research: How To and
Why Not. Ecological and Environmental Anthropology (University of Georgia).
Paper 18.

EI-Swaify, S. A., Dangler, E. W., Armstrong, C. L., 1982. Soil Erosion By Water In
The Tropics. Research Extension Series 024. College of Tropical Agriculture

and Human Resources, University of Hawaii.

280 |Page



Esterberg K.G. (2002). Qualitative Methods in Social Research, McGraw-Hill,
Boston, MA.

Ekblom A., (2012). Livelihood Security, Vulnerability and Resilience: A Historical
Analysis of Chibuene, Southern Mozambique. AMBIO 2012- 41:479-4809.
Royal Swedish Academy of Sciences 2012.

Eneyew, A., Alemu, E., Ayana, M., Dananto, M., (2014). The Role of Small Scale
Irrigation in Poverty Reduction. Journal of Development and Agricultural 6(1),
12-21.

Evans, A. E. V.; M. Giordano; and T. Clayton (Eds.). 2012. Investing in agricultural
water management to benefit smallholder farmers in Tanzania. AgWater
Solutions Project country synthesis report. Colombo, Sri Lanka: International
Water Management Institute. 34p. (IWMI Working Paper 146).

Eshetu, S., Belete, B., Goshu, D., Kassa, B., Tamiru, D., Worku, E., Lema, Z.,
Delelegn, A., Tucker, J., 2010. Income diversification through improved
irrigation schemes: Evidence from Gorogutu district, eastern Ethiopia. A
Research Report Presented to RiPPLE.

Etteieb, S., Cherif, S., Tarhouni, J., (2015). Hydrochemical assessment of water
quality for irrigation: a case study of the Medjerda River in Tunisia. Springer
Science + Business Media B.V., Appl Water Sci. DOI 10.1007/s13201-015-
0265-3.

FAO, (2005). The State of Food Insecurity in the World 2005. Eradicating world
hunger — key to achieving the Millenium Development Goals. Rome.

FAO, (2006). Tanzania Comprehensive Food Security and Vulnerability Analysis
(CFSVA). Strengthening Emergency Needs Assessment Capacity (SENAC).

FAO, (2008). climate change and food security. A Framework document. FAO,
Rome. 107pp.

FAO, (2009). Food Security and Agricultural Mitigation in Developing Countries:
Options for Capturing Synergies. Food and Agricultural Organization, Rome,
Italy.

FAO, (2011a). Farming Systems Report: Synthesis of the Country Reports at the level
of the Nile Basin. FAO, Rome.

FAO, (2011b). The State of Food Insecurity in the World. How does international

price volatility affect domestic economies and food security? FAO, Rome.

281 |Page



FAO, (2012). The State of Food Insecurity in the World. Economic growth is
necessary but not suffcient to accelerate reduction of hunger and malnutrition.
FAO, Rome.

Fellmann, T., (2012). The assessment of climate change related vulnerability in the
agricultural sector: Reviewing conceptual frameworks. In Building resilience for
adaptation to climate change in the agricultural sector - Proceedings of a Joint
FAO/OECD Workshop, Rome, 23-24 April, 2012.

Fischer, B. M. C., Mul, M. L., Savenije, H. H. G., (2013). Determining spatial
variability of dry spells: a Markov-based method, applied to the Makanya
catchment, Tanzania. Hydrol. Earth Syst. Sci., 17, 2161-2170, 2013.

Folke C., (2006). Resilience: The Emergence of a Perspective for Social-Ecological
Systems Analyses. Elsevier. Global Environmental Change.

Flowerdew R. and Martin D., (2005). Methods in Human Geography: A Guide for
Students Doing a Research Project. 2™ Edition. Pearson Education Ltd. UK.
Flyvbjerg B., (2004). Five Misunderstandings About Case Study Research. In : C.
Seal, D. Silverman, J. Gubrium and G. Gobo (Eds.) Qualitative Research

Practice. (London, Sage).

Frankfort-Nachmias C. and Nachmias D., (1996). Research Methods in the Social
Sciences. New York: Worth Publishers.

Fraser, E.D.G., (2006). Food system vulnerability: using past famines to help
understand how food systems may adapt to climate change. Ecological
Complexity, 3, 328-335.

Fussel H, (2005). Vulnerability in Climate Change Research: A Comprehensive
Conceptual Framework. Formal Approaches to Vulnerability Assessment that
Informs Adaptation. FAVAIA Working Paper 2.

Fiissel, H., (2007). Vulnerability: A generally applicable conceptual framework for
climate change research. Global Environmental Change 17(2): 155-167.

Gaillard, J.C., (2010). Vulnerability, capacity and resilience: Perspectives for climate
and development policy, Journal of International Development, 22, 218-232,
doi:10.1002/jid.1675.

Gbetibouo, G.A. and C. Ringler, (2009). Mapping South African farming sector
vulnerability to climate change and variability: A subnational assessment. IFPRI
Discussion Paper No. 885. Washington, DC: International Food Policy Research

Institute.

282 |Page



George A. L., and Bennett A., (2005). Case Studies and Theory Development in the
Social Sciences. Cambridge, MA: The MIT Press.

Gerring J., (2004). What is a Case Study and What is it Good for? American Political
Science Review, 98(2), 341-354.

Gerring J., (2007). Case Study Research: Principles and Practices. Cambridge
University Press: NewYork.

Gillham B., (2000). Case Study Research Methods. Wellington House 125 Strand:
London.

Gitz V and Meybeck A., (2012). Risks, vulnerabilities and resilience in a context of
climate change. FAO/OECD Workshop: Building Resilience for Adaptation to
Climate Change in the Agriculture Sector, Rome, Italy, 23-24 April 2012.

Gollin, D. (2010). Agriculture Productivity and Economic Growth. In Handbook of
Agricultural Economics, Burlington: Academic Press.

Gomm, R., Hammersley, M. and Foster, P., (2000). Case Study Method. (Eds.)
London: Sage.

Gomo, T., Senzanje, A., Mudhara, M. and Dhavu, K., (2014). Assessing the
Performance of Smallholder Irrigation and Deriving Best Management Practices
in South Africa. Wiley Online Library. Irrigation and Drainage, 63: 419-429
(2014). DOI:10.1002/ird.1815.

Guillaume D. C and Gilbert N., (2011). Viability and Resilience of Complex Systems:
Concepts, Methods and Case Studies from Ecology and Society. Springer-
Verlag Berlin Heidelberg 2011.

Gunderson L., (2009). Comparing Ecological and Human Community Resilience.
CARRI Research Report 5. Department of Environmental Studies. Emory
University, Atlanta, Georgia.

Hancock, D.R. &Algozzine, R. (2006). Doing Case Study Research: A Practical
Guide for Beginning Researchers. New York, NY: Teachers College Press.
Hanjra. M. A, and Qureshi M. E.; (2010). Global Water Crisis and Future Food

Security in an era of Climate Change. Food Policy, Issue 35. Elsevier

Hatibu, N, Mahoo, H. F., Kajiru, G. J., 2000. The role of RWH in Agriculture and
Natural Resource Management: from mitigating drought to preventing floods. In
Hatibu N, Mahoo HF (Eds) Rain water Harvesting for Natural Resources
Management: A Planning Guide for Tanzania, Technical Hand Book No. 22
RELMA/Sida.

283 |Page



Hinkel, J., (2011). Indicators of vulnerability and adaptive capacity: Towards a
clarification of the science-policy interface. Global Environmental Change, 21:
191-208.

Holling C. S (1973). Resilience and Stability of Ecological Systems. Ecol Evol
Systems.

Holling, C. S. (1996). Engineering resilience versus ecological resilience. Pages 31—
44 in P. Schulze, editor. Engineering within ecological constraints. Washington,
D.C: National Academy.

Holling C.S and Gunderson L. H., (2002). Resilience and adaptive cycles (eds). In:
Panarchy: Understanding transformations in human and natural system, Island
Press, Washington.

Hugentobler, M. K., Israel, B. A., and Schurman, S. J., (1992). An Action Research
Approach to Workplace Health: Integrating Methods. Health Education
Quarterly, 19 (1), 55-76.

Hulme, M., Doherty, R., Ngara, T., New, M. and Lister, D., 2001. African climate
change: 1900-2100.Climate Research 17: 145-168.

ICRISAT, (2003). Comprehensive Assessment Competitive Grant International Water
Management Institute. Inception Report, Annex 1A. SWMRG, Morogoro,
Tanzania.

IFAD, (2007). Securing Water for Improved rural livelihoods: The Multiple-uses
System Approach. Gender and Water, International Fund for Agricultural
Development (IFAD).

IFAD, (2012). The Future of World Food And Nutrition Security. Investing in
Smallholder Agriculture — An International Priority. Secretary-General’s High-
Level Task Force On The Global Food Security Crisis. IFAD, Italy.

IIED., 2009. Cultivating success: the need to climate-proof Tanzanian agriculture.
International Institution for Environment and Development (IIED), Lund
University, Sweden.

Ikeno J. , (2011). Dry-Season Irrigation Farming at the Western Foot of the North
Pare Mountains, Tanzania. Graduate School of Asian & African Area Studies
(ASAFAS), African Study Monographs, Suppl.42: 59-77, Kyoto University.

IPCC, (2007): Climate Change Report 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the 4th Assessment Report of the

Intergovernmental Panel on Climate Change, Parry M.L., Canziani O.F.,

284 |Page



Palutikof J.P., P.J. van der Linden and Hanson C.E., Eds., Cambridge University
Press, Cambridge, UK, 976pp.

IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance
Climate Change Adaptation. A Special Report of Working Groups I and II of
the Intergovernmental Panel on Climate Change [Field, C.B., V. Barros, T.F.
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K.
Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. Cambridge
University Press, UK, and NY, USA, 582 pp.

IPCC, (2014): Climate Change 2014: Mitigation of Climate Change. Contribution of
Working Group III to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E.
Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier,
B. Kriemann, J. Savolainen, S. Schlomer, C. von Stechow, T. Zwickel and J.C.
Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and
New York, NY, USA.

Isabel S., (2012). Assessing Vulnerability to Climate Variability and Change:
Participatory assessment approach and Kenyan case study. DIE ERDE. The
Journal of Geographical Society, Bonn.

Jackson, S., (2009). Research Methods and Statistics: A Critical Thinking Approach.
3 Edition, Wadsworth, Cengage Learning.

Jacobsen, D., Milner, A., Brown, L. and Dangles, O., 2012. Biodiversity under threat
inglacier-fed river systems. Nat. Clim. Change 2, 361-364.

Jaleta, K. T., Hill, S. R., Seyoum, E., Balkew, M., Gebre-Michael, T., Ignell, R.,
Tekie, H., (2013). Agro-ecosystems impact malaria prevalence: large-scale
irrigation drives vector population in western Ethiopia. BioMed Central Ltd,
Malaria Journal 2013, 12:350.

Janssen M. A., Schoon M. L., Ke W and Borer K., (2006). Scholarly networks on
resilience, vulnerability and adaptation within the human dimensions of global
environmental change. Elsevier. Global Environmental Change.

Johnson B., and Christensen L., (2004). Educational Research: Quantitative,
Qualitative, and Mixed Approaches (2" Edition). Boston, MA: Pearson

Education, Inc.

285|Page



Johnson R. B., and Onwuegbuzie A. J., (2004). Mixed Methods Research: A Research
Paradigm Whose Time Has Come. Educational Researcher, Vol. 33 (7). pp. 14-
26. American Educational Research Association.

Kadigi, R. M. J., Tesfay, G., Bizoza, A., Zinabou., G., (2012). Irrigation and water use
efficiency in Sub-Saharan Africa. Briefing Paper Number 4. GDN Agriculture
Policy Series.

Kakeya, M., Takamura, Y., Mattee A. Z., 1998. Integrated agro-ecological research of
the miombo woodlands in Tanzania: final report. Japanese International
Cooperation Agency (JICA). 413p.

Kangalawe R., Shadrack Mwakalila S., and Masolwa P., (2011). Climate Change
Impacts, Local Knowledge and Coping Strategies in the Great Ruaha River
Catchment Area, Tanzania. Research Scientific Journal: Natural Resources
2011, 2, 212-223. SciRes.

Kaswamila A.K. and Masuruli B. M., (2004). The Role of Traditional Irrigation
Systems in Poverty Alleviation in Semi - Arid Areas: The Case of Chamazi in
Lushoto District, Tanzania. REPOA, Research Report No. 04.3.

Kelly, P. M., and Adger W. N., (2000). Theory and practice in assessing vulnerability
to climate change and facilitation adaptation. Climatic Change 47(4): 925-1352.

Keraita, B. 2011. Is it worth investing in community managed river diversion systems
in Tanzania? Colombo, Sri Lanka: International Water Management Institute
(IWMI). (AgWater Solutions Project Case Study Report).

Kienberger S., Lang S., and Zeil P., (2009). Spatial vulnerability units: Expert-based
spatial modelling of socioeconomic vulnerability in the Salzach catchment,
Austria. Natural Hazards Earth System Science 9:767-778.

Kihupi M. L., Mahonge C., and Chingonikaya E. E., (2015). Smallholder Farmers’
Adaptation Strategies to Impact of Climate Change in Semi-arid Areas of Iringa
District Tanzania. Journal of Biology, Agriculture and Healthcare. IISTE, ISSN
2224-3208 Vol 5, No. 2.

Kijazi A. L and Reason C. J. C., (2005). Relationships Between Intra-seasonal
Rainfall Variability of Coastal Tanzania and ENSO. Theoretical and Applied
Climatology. Springer-Verlag.

Kilemwa, A. M., (1999). Environmental impact of animal traction in Rukwa Region,

Tanzania. In “Meeting the challenges of animal traction”. A resource book of

286 |Page



the Animal Traction Network for Eastern and Southern Africa (ATNESA),
Harare, Zimbabwe. Intermediate Technology Publications, London. 326p.

Klein, R. (2002). Coastal Vulnerability, Resilience and Adaptation to Climate Change
An Interdisciplinary Perspective. PhD thesis, Mathematisch-
Naturwissenschaftliche Fakultét of the Christian-Albrechts-Universitét zu Kiel.

Kok M., Liideke M., Lucas P., Sterzel T., Walther C., Janssen P., Sietz D and Soysa
I., (2015). A new method for analysing socio-ecological patterns of
vulnerability. SpringerLink, Regional Environmental Change.

Komba C., and Muchapondwa E., (2015). Adaptation to Climate Change by
Smallholder Farmers in Tanzania. Environment for Development Centers. EfD
DP 15-12.

Kothari, C. R. (2009). Research Methodology: Methods and Techniques. 2™ Revised
Edition. New Age International Publishing Limited, New Delhi.

Kotir J. H., (2010). Climate change and variability in Sub-Saharan Africa: A review
of current and future trends and impacts on agriculture and food security.
Springer Science (Environ Dev Sustain).

Komakech, H.C., van der Zaag, P. and van Koppen, B. 2012. The last will be first:
Water transfers from agriculture to cities in the Pangani river basin, Tanzania.
Water Alternatives 5(3): 700-720.

Kristjanson P., Neufeldt H., Kyazze F. B., Desta S., Sayula G., Thiede B. And
Thornton P. K., (2012). Are food insecure smallholder households making
changes in their farming practices? Evidence from East Africa. Sringerlink.
Food Security (2012) 4:381-397.

Kulkarni S., (2011). Innovative Technologies for Water Saving in Irrigated
Agriculture. International Journal of Water Resources and Arid Environments
Vol 1 (3).

Kumar B. M., and Nair P.K. R., (2011). Carbon Sequestration Potential of
Agroforestry Systems. Opportunities and Challenges. Advances in Agroforestry.
Volume 8. Springerlink.

Lankford B., (2003) Irrigation improvement projects in Tanzania; scale impacts and
policy implications. IWA: Water Policy 6 (2004) 89—-102.

Leedy, P.D, and Ormrod, J.E. (2005). Practical Research: Planning and Design. 8"

Edition. Pearson Educational Inc.

287 |Page



Li, Y., Xiong W., Hu W., Berry P., Ju H., Lin E., Wang W., and Li K., (2015).
Integrated assessment of China’s Agricultural Vulnerability to Climate Change:
A multi-indicator Approach. Climatic Change 128: 355-366.

Liwenga E. T, Lukas K and Tamer A., (2012). "Where the Rain Falls” Project Case
study: Tanzania. Result from Same District, Kilimanjaro Region. Report No. 6.
UNU-EHS.

Liu, J., Liu, Q., Yang, H., (2016). Assessing water scarcity by simultaneously
considering environmental flow requirements, water quantity, and water quality.
Elsevier, ScienceDirect. Ecological Indicators 60 (2016) 434—441.

Liverman, D. M., (1990). ‘Vulnerability to Global Environmental Change’. In:
Kasperson R. E., Dow K., Golding D., and Kasperson J. X., (eds.):
Understanding Global Environmental Change: The Contributions of Risk
Analysis and Management. Worcester, MA: Clark University.

Lowitt, K., Hickey, G. M., St. Ville, A., Raeburn, K., Thompson-Colo'n, T., Laszlo,
S. and Phillip, L. E., (2015). Factors affecting the innovation potential of
smallholder farmers in the Caribbean Community. Springer Science + Business
Media B.V., Reg Environ Change (2015) 15:1367-1377.

Luers A. L., Lobell D. B., Sklar L. S., Addams C. L., and Matson P. A., (2003). ‘A
Method for Quantifying Vulnerability, Applied to the Yaqui Valley, Mexico’.
Global Environmental Change.

Mainuddin, M. and Kirby, M. (2009). Agricultural productivity in the lower Mekong
Basin: trends and future prospects for food security. Springer Science. Food Sec.
(2009) 1:71-82.

Mahoo H., (2009). Managing Risk, Reducing Vulnerability and Enhancing
Agricultural Productivity under a Changing Climate: CCAA Project Highlights.
Soil-Water Management Research Programme. Sokoine University of
Agriculture. Tanzania Country Report.

Majule A. E. and Mwalyosi R. B., (2007). The Role of Traditional Irrigation on Small
Scale Production in Rufiji Basin, Southern Highland Tanzania: A case of Iringa
Region. Institute of Resource Assessment (IRA), University of Dar es Salaam.

Majule A. E., and Mwalyosi R.B., (2003). The Role of Traditional Irrigation on
Small Scale Production in Rufiji Basin, Southern Highland Tanzania: A case of
Iringa Region. Institute of Resource Assessment (IRA), University of Dar es

Salaam.

288 |Page



Makombe, G., Kelemework, D., Aredo, D., 2007. A comparative analysis of rain-fed
and irrigated agricultural production in Ethiopia. Irrig. Drain. Syst. 21(1):35-44.

Malone E.L., (2009). Vulnerability and Resilience in the Face of Climate Change:
Current Research and Needs for Population Information. Battelle, Pacific
Northwest Division, Washington DC.

Mary A. L., and Majule A. E., (2009). Impacts of climate change, variability and
adaptation strategies on agriculture in semi arid areas of Tanzania: The case of
Manyoni District in Singida Region, Tanzania. African Journal of
Environmental Science and Technology Vol. 3 (8).

Matekere, E., Lema, N., (2012). Performance analysis of public funded irrigation
projects in Tanzania. Irrigation and Drainage Systems. DOI 10.1007/s10795-
011-9119-9.

Mathew, J. H., Quene, T. L., 2009. Adapting Water Management: A Primer on
Coping with Climate Change,” World Wildlife Fund (WWF), Washington, DC.

Matthews, B. and Ross, L., (2010). Research Methods: A Practical Guide for the
Social Sciences. Pearson Education Limited, Edinburgh Gate.

Mattijn van Hoek, (2010). Investigation Towards Alternative Water Resources
Mtwara, Tanzania. International Land and Water Management, University of
Applied Sciences.

Marshall, N.A., Marshall, P.A., Tamelander, J., Obura, D., Melleret-King, D., Cinner,
J.E., (2010). A framework for social adaptation to climate change. Sustaining
tropical coastal communities and industries. [UCN, Gland, Switzerland.

Mbillinyi, B.P., Mahoo H.F., Tumbo S.D., Mpeta E., Rwehumbiza F.B., Mutabazi K
and Kahimba F.C., (2009). A Review of Impacts of and Adaptation to Climate
Change and Variability in Tanzania Agricultural Systems.

Mdemu M., (2011). The Impact of Biofuel Investment in Kibuta, Marumbo and Kurui
Wards in Kisarawe District, Tanzania. Research Report, Action Aid Tanzania.

Mehmet O. and Bigak H.A., (2002). Modern and Traditional Irrigation Technologies
in the Eastern Mediterranean. International Development Research Centre,
Canada.

Mercer, D. G., (2011). Challenges facing development within the agri-food sector of
Sub-Saharan Africa. 11" International Congress on Engineering and Food

(ICEF11). Elservier, Procedia Food Science 1 (2011) 1861 — 1866.

289 |Page



Mhagama, M. L. (2014). Field Work Notes and Data Analysis. Final PhD Thesis
Report, Submitted to University of Vechta, November, 2019.

Mhita MS (1984) The use of water balance models in the optimization of cereal yields
in seasonally-arid tropical regions. PhD Thesis. University of Reading, p 211.

Midega, C. A. O., Bruce, T. J. A., Pickett J. A., Pittchar, J. O., Murage A., and Khan
Z. R., (2015). Climate-adapted companion cropping increases agricultural
productivity in East Africa. Elsevier, Journal of Field Crops Research 180.

Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-being:
Biodiversity Synthesis. World Resources Institute, Washington, DC.

Miller, F., Osbahr, H., Boyd, E., Thomalla, F., Bharwani, S., Ziervogel, G., Walker,
B., Birkmann, J., van der Leeuw, S., and Rockstrom, J., (2010). Resilience and
vulnerability: Complementary or conflicting concepts? Ecology and Society,
15(3).

Mills A. J., Durepos G. and Wiebe E., (2010). Encyclopedia of Case Study Research.
Eds. Thousand Oaks, CA: Sage.

Mishra, A.K., Singh, V.P., 2010. A review of drought concepts. Elsevier,
ScienceDirect. Journal of Hydrology 391 (2010) 202-216.

Mkavidanda T.A.J and Kaswamila A. L., (2001). The Role of Traditional Irrigation
Systems (Vinyungu) in Alleviating Poverty in Iringa Rural District, Tanzania.
Research on Poverty Alleviation (REPOA), Tanzania.

Mlingano ARI., 2006. Soils of Tanzania and their potential for agriculture
development. Draft report. Mlingano Agricultural Research Institute, Ministry
of Agriculture, Food Security and Cooperatives, Tanga.

Mmbaga, E. T., Friesen, D., 2003. Adoptable maize/legume systems for improved
maize production in northern Tanzania. African Crop Science Conference
Proceedings, Vol. 6.649-654, African Crop Science Society.

Mnenwa R., and Malit E., (2010). A Comparative Analysis of Poverty Incidence in
Farming Systems of Tanzania. Research on Poverty Alleviation. Special Paper
10/4. REPOA, Dar es Salaam.

Mohd Noor K.B., (2008). Case Study: A Strategic Research Methodology. American
Journal of Applied Sciences 5 (11): 1602-1604. Science Publications.

Morgan G. A., Leech N. L., Gloeckner G. W., and Barret K, C., (2004). SPSS for
Introductory Statistics: Use and Interpretation. 2" Edition. LEA Publishers.

290 |Page



Moses C. O. N., (1998). The asset vulnerability framework: Reassessing urban
poverty reduction strategies. World Development 26(1): 1-19.

MoW, (2009). Integrated Water Resources Management and Development Plan for
the Ruvuma River and Southern Coast Basin. Ministry of Water, United
Republic of Tanzania. The Water Sector Development Programme (WSDP).
RFP No: ME- 011/2009- 10/C/09.

MoW, 2010. Guidelines for Irrigation Scheme Formulation for District Agricultural
Development Plan (Ministry of Water and Irrigation). JICA and the United
Republic of Tanzania.

MoW, 2015. Preparation of an Integrated Water Resources Management and
Development Plan for the Ruvuma River and Southern Coast basin. Integrated
Water Resources Management and Development Plan.
Water Sector Development Programme (Credit NO. Cr.4259-TA).

Msaky J. J, Kanyama G.Y., and Shongwe G.N., (2010). Enhancing Dissemination of
Soil and Water Research Outputs of SADC Universities. Proceedings of the
Workshop on Information Sharing among soil and water management experts
from SADC Universities, 11-13 September 2010, Dar es Salaam, Tanzania.

Mtwara Regional Profile, (2007). Socioe-conomic survey for Mtwara Region. Finish
Government/FINNIDA.

Mubaya, C.P., Nyuki, J., Liwenga, E., Mutsavangwa, E.P., and Mugabe, F.T., (2010)
Percerived Impacts of Climate change related Parameters. Journal of Sustainable
Development in Africa. Vol. 12 (5) 170-186.

Muijs D., (2004). Doing Quantitative Research in Education with SPSS. SAGE
Publisher, London.

Mul, M. L., Savenije, H. H. G., Uhlenbrook, S., 2009. Spatial rainfall variability and
runoff response during an extreme event in a semi-arid catchment in the South
Pare Mountains, Tanzania, Hydrol. Earth Syst. Sci, 13, 1659-1670,
doi:10.5194/hess-13-1659-20009.

Mutui T.M, Sesabo, J. K, Ishengoma, E. K and Opile, W. R (2012). Impact Of
Climate Change On Agricultural Production And Mitigation Approaches In
Developing Countries. Impact of climate change on agricultural production and
mitigation. African Journal of Horticultural Science, 2012.

Mwakalila, S., Noe, C., 2004. The Use of Sustainable Irrigation for Poverty

Alleviation in Tanzania: The Case of Smallholder Irrigation Schemes in Igurusi,

291 |Page



Mbarali District Research on Poverty Alleviation (REPOA). Research Report
No. 04.1. ISBN 9987 417 28 0.

Mwandosya, M.J., Nyenzi, B.S., and Luhanga, M.L., 1998. The Assessment of
Vulnerability and Adaptation to Climate Change Impacts in Tanzania. Dar es
Salaam, Tanzania: Centre for Energy, Environment, Science and Technology
(CEEST).

Nair S. R. and Bharat A., (2011). Methodological Frameworks for Assessing
Vulnerability to Climate Change. Institute of Town Planners, India Journal 8.

Neil. W. A., (2006). Vulnerability. Journal of Global Environmental Change Vol. 16.
Tyndall Centre for Climate Change Research, School of Environmental
Sciences.

Nelson R., Kokic P., Crimp S., Martin P., Meinke H., Howden S.M., de Voil P., and
Nidumolu U., (2010). The vulnerability of Australian rural communities to
climate variability and change: Part II—Integrating impacts with adaptive
capacity. Elsevier, Environmental Science and Policy 13 (2010) 18 — 27.

NEPAD, (2005). Tanzania Bankable Investment Profile. Comprehensive Africa
Agriculture Development Programme (NEPAD-CAADP Ref. 05/28 E).
Tanaznia District Irrigation and Water Harvesting Support (Mainland).

NEPAD, (2013). African agriculture, transformation and outlook. NEPAD - 72 p.

Ndunda E. N, and Mungatana E. D, (2013). Determinants of farmers’ choice of
innovative risk-reduction interventions to wastewater-irrigated agriculture.
African  Journal of  Agricultural Research  Vol. §(1). DOLI:
10.5897/AJAR12.1679.

Ngowi, H., Mayilla, W., Keraita, B., Konradsen., F., and Magayane, F., (2015).
Perceptions of using low-quality irrigation water in vegetable production in
Morogoro, Tanzania. Springer Science + Business Media B.V., Environ Dev
Sustain. DOI 10.1007/s10668-015-9730-2.

Nyamadzawo, G., Wuta M., Nyamangara, J., Gumbo D., (2013). Opportunities for
optimization of in-field water harvesting to cope with changing climate in semi-
arid smallholder farming areas of Zimbabwe. SpringerPlus 2013, 2:100.

O’Brien, K., Leichenko R., Kelkar U., Venema H., Aandahl G., and Tompkins H.,
(2004). Mapping vulnerability to multiple stressors: Climate change and
globalization in India. Global Environmental Change 14(4): 303-313.

292 |Page



O’Brien, K.L., Eriksen, S., Schjolden, A., Lygaard, L., 2005. What’s in a word?
Interpretations of vulnerability in climate change research. Climate Policy,
submitted for publication.

OECD (2003). Development and Climate Change in Tanzania: Focus on Mount
Kilimanjaro Working Party on Global and Structural Policies, Development and
Environments.

O’Keefe, P., Westgate K., and Wisner B., (1976). “Taking the naturalness out of
natural disasters”. Nature, vol. 260, pp. 566-567.

Paavola, J., 2003. Livelihoods, Vulnerability and Adaptation to Climate Change in the
Morogoro Region, Tanzania Centre for Social and Economic Research on the
Global Environment, University of East Anglia, Norwich NR4 7TJ, UK
Working Paper EDM.

Pachpute, J. S. Tumbo, S. D. Sally, H. and Mul, M. L., (2009). Sustainability of
Rainwater Harvesting Systems in Rural Catchment of Sub-Saharan Africa.
Springer Link Science. Water Resour Manage (2009) 23:2815-2839. DOI
10.1007/s11269-009-9411-8.

Panthi J., Aryal S., Dahal P., Bhandari P., Krakauer N. Y., and Pandey V. P., (2014).
Livelihood vulnerability approach to assessing climate change impacts on mixed
agro-livestock smallholders around the Gandaki River Basin in Nepal. Regional
Environmental Change. SpringerLink.

Pasteur K., (2011). From Vulnerability to Resilience: 4 framework for analysis and
action to build community resilience. Schumacher Centre for Technology and
Development. Practical Action Publishing Ltd, UK.

Perez, C., Jones, E.M., Kristjanson, P., Cramer, L., Thornton, P. K., Férch, W., and
Barahona, C., (2015). How resilient are farming households and communities to
a changing climate in Africa? A gender-based perspective. Elsevier, Global
Environmental Change 34 (2015) 95-107.

Pingali, P., Alinovi, L. and Sutton, J., (2005). Food security in complex emergencies:
enhancing food system resilience. Disasters, 29 (1), S5-S24.

Pimm, S. (1984). The complexity and stability of ecosystems. Nature,
307(5949):321-326.

PROLINNOVA, (2012). Promoting Local Innovations: Local innovation in climate-
change adaptation by Ethiopian pastoralists. PROLINNOVA-Ethiopia and
Pastoralist Forum Ethiopia (PFE).

293 |Page



Reid G. H., (2008). Building resilience to climate change in rain-fed agricultural
enterprises: An integrated property planning tool. Springer/In the Field. Agric
Hum Values (2009) Vol. 26.

Ritchie J. and Lewis J., (2003). Qualitative Research Practice: A Guide for Social
Science Students and Researchers. SAGE Publisher.

Rowhani P, Lobell D. B., Linderman. Marc and Ramankutty N., (2010). Climate
variability and crop production in Tanzania. Agricultural and Forest
Meteorology, Elsevier.

Rockstrom, J., Karlberg, L., Wani S. P., Barron, J., Hatibu N., Oweis, T., Bruggeman,
A., Farahani, J., Qiang, Z., (2010). Managing water in rain fed agriculture - The
need for a paradigm shift. Elsevier, ScienceDirect, Agricultural Water
Management 97 (2010) 543-550.

Sanga G. J., Moshi A. B. and Hella J. P., (2013). Small Scale Farmers’ Adaptation to
Climate Change Effects in Pangani River Basin and Pemba: Challenges and
Opportunities. International Journal of Modern Social Sciences, Florida, USA.

Savini, 1., Kihara, J., Koala, S., Mukalama, J., Waswa, B., Bationo, A., 2016. Long-
term effects of TSP and Minjingu phosphate rock applications on yield response
of maize and soybean in a humid tropical maize-legume cropping system.
SpringerLink, Nutrient Cycle Agroecosystem (2016) 104:79-91.

Schoon M., (2005). A Short Historical Overview of the Concepts of Resilience,
Vulnerability, and Adaptation. Workshop in Political Theory and Policy
Analysis Working Paper W05-4. Indiana University.

Schumacher K. P., Madlen K., Dannenberg P., (2014). The impact of mobile phones
on knowledge access and transfer of small-scale horticultural farmers in
Tanzania. DIE ERDE. The Journal of Geographical Society of Berlin. Vol. 145,
No. 3.

Sechu, L. M. (1986). Drinking Water Quality Control In Mtwara And Lindi Regions,
Tanzania. Tampere University Of Technology.

Sen, A., (1981). Poverty and famines: An essay on entitlement and deprivation.
Oxford: Clarendon Press and New York: Oxford University Press.

Shao, F.M., 1999. Agricultural Research and Sustainable Agriculture in Semi-Arid
Tanzania. In Jannik, B., Kikula, I.S and Maganga, F.P (editors). Sustainable
Agriculture in Semi-Arid Tanzania. Dar es Salaam University Press (DUP), Dar

es Salaam, Tanzania.

294 |Page



Shemsanga, C., Omambia, A. N. and Yansheng Gu, Y. (2010). The Cost of Climate
Change in Tanzania: Impacts and Adaptations. Journal of American Science.

Shongwe P., Masuku M. B., and Manyatsi A. M., (2014). Factors Influencing the
Choice of Climate Change Adaptation Strategies by Households: A Case of
Mpolonjeni Area Development Programme (ADP) in Swaziland. Journal of
Agricultural Studies ISSN 2166-0379 2014, Vol. 2, No. 1 86.

Silverman, D. (2011). Interpreting Qualitative Data. Sage, Los Angels, London, New
Delhi, Singapore, Washington DC, 4th edition.

Singleton, R.A., and Strants B.C., (2005). Approaches to Social Research, 4™ Ed.,
Oxford Oxford University Press.

Singh N. P., Bantilan C., and Byjesh K., (2014). Vulnerability and Policy Relevance
to Drought in the Semi-arid Tropics of Asia — A retrospective Analysis Research
Program on Markets, Institutions and Policies (RP-MIP), International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT). Elsevier: Weather and
Climate Extremes 3 (2014) 54-61.

Smit, B., and Pilifosova, O. (2001). Adaptation to Climate Change in the context of
sustainable development and Equity.” In: Climate Change 2001 Impacts,
Adaptation, and Vulnerability contribution of Working Group II to the Thirrd
Assessment Report of the IPCC. (Edited by McCarthy J.J., Canziani, O. F.,
Leary, N. A., Dokken, D. J., White, K. S.) Cambridge University Press,
Cambridge.877 — 912.

Smit, B. and J. Wandel. 2006. Adaptation, adaptive capacity and vulnerability. Global
Environmental Change 16 (3):282-292.

Sokoni C. H and Shechambo T. C., (2005). Changes in the Upland Irrigation System
and Implications for Rural Poverty Alleviation: A Case of the Ndiwa Irrigation
System, West Usambara Mountains, Tanzania. REPOA, Research Report No.
05.1.

Stange K., Crabtree B., and Miller, W., (2006). “Multi-method Research”, Annals of
Family Medicine, Vol. 4, pp 292-294.

Stern P., (1989). Small-Scale Irrigation. Intermediate Technology Publication.
London, UK.

Tafesse M., (2003). Small-scale irrigation for food security in Sub-Saharan Africa.
CTA Working Document Number 8031. Centre for Agricultural and Rural
Cooperation-CTA, Ethiopia.

295|Page



Tagseth, M., 2010. Studies of the waterscape of Kilimanjaro, Tanzania Water
management in hill furrow irrigation. Thesis for the degree of Philosophiae
Doctor. Norwegian University of Science and Technology.

Tashakkori A, and Teddlie C., (2008). “Quality of Inferences in Mixed Methods
Research: Calling for an Integrative Framework,” in Advances in Mixed
Methods Research: Theories and Applications, M. Bergman (Ed.). London: Sage
Publications, pp. 101-119.

Thomalla F. and Zou L., (2008). The Causes of Social Vulnerability to Coastal
Hazards in Southeast Asia. An SEI Working Paper. Stockholm Environment
Institute.

Tilya, F., and Mhita, M., 2007. Frequency of Wet and Dry Spells in Tanzania. In:
Climate and Land Degradation, edited by: Sivakumar, M. V. K. and Ndiang’ui,
N., Environmental Science and Engineering, Springer Berlin Heidelberg, 197—
204, doi:10.1007/978-3-540-72438-4 10.

Timmermann P, (1981). Vulnerability, Resilience and the Collapse of Society, No. 1
in Environmental Monograph. Toronto: Institute for Environmental Studies,
University of Toronto.

Tittonell, P., Vanlauwe, B., Misiko, M., Giller, K.E., 2011. Targeting resources within
diverse, heterogencous and dynamic farming systems: towards a ‘uniquely
African green revolution’. In: Bationo, et al. (Eds.), Innovations as Key to the
Green Revolution in Africa. Springer Science + Business Media B.V.

Tittonell, P., Giller, K. E., (2013). When yield gaps are poverty traps: The paradigm
of ecological intensification in African smallholder agriculture. Elsevier,
ScienceDirect. Field Crops Research 143 (2013) 76-90.

TMA., 2009. Rainfall and Temperature Data for Tumbi Station for the Years 1972 —
2008, Tabora. Tanzania Meteorological Agency, TMA.

TMA., 2012. Rainfall and Temperature Data for Mtwara Station for the Years 2000 -
2012, Mtwara. Tanzania Meteorological Agency, TMA.

Tompkins, E.L. and Adger, W.N., (2004). Does adaptive management of natural
resources enhance resilience to climate change? Ecol. Soc. 9 (2), 10.

Tucker J., Daoud M., Oates M., Few R., Conway D., Mtisi S., and Matheson S.,
(2015). Social vulnerability in three high-poverty climate change hot spots:
What does the climate change literature tell us?. SpringerLink, Regional

Environmental Change.

296 |Page



Turner B. L., Kasperson R. E., Matson P. A., McCarthy J. J., Corell R.W.,
Christensen L., Eckley N., Kasperson J. X., Luers A. L, Martello M. L., Polsky
C., Pulsipher A., and Schiller A., (2003). ‘A framework for vulnerability
analysis in sustainability science’. Proceedings of the National Academy of
Sciences of the United States of America.

Turral H., Burke J., and Faures J-M., (2011). Climate Change, Water and Food
Security. FAO Water Report, 36. FAO Land and Water Division.

Unami, K., Yangyuoru, M., Hasan, A., Alam, B. and Berisavljevic, G. K., (2013).
Stochastic control of a micro-dam irrigation scheme for dry season farming.
Springer Link. Stoch Environ Res Risk Assess (2013) 27:77-89. DOI
10.1007/s00477-012-0555-3.

UNEP and WIOMSA, (2009). An assessment of hydrological and land use
characteristics affecting river-coast interactions in the Western Indian Ocean
region, UNEP/Nairobi Convention Secretariat, Nairobi, Kenya.

UNDP (2007) Human Development Report 2007, United Nations Development
Programme.

UNDP, (2012). Towards a Food Secure Future Africa Human Development Report
2012 United Nations Development Programme, Regional Bureau for Africa.
NY, USA.

URT., 1998. Smallholder Development Project for Marginal Areas (SDPMA):
General overview of performance of irrigation component. Ministry . Agric.
Cooperatives, Irrigation Department, May 1998.

URT., (2002). Tanzania’s National Irrigation Master Plan. Ministry of Water and
Irrigation, United Republic of Tanzania, Dar Es Salaam.

URT., (2003a). Initial National Communication under the United Nations Framework
Convention on Climate Change, (UNFCCC). Vice-President’s Office (VPO).
Government printers, Dar es Salaam.

URT., (2003b). Study on the National Irrigation Master Plan in the United Republic
of Tanzania: Action Plan: Master Plan and Executive Summary; Volume 1:
Main Report; Volume II: Action Plan Report, Appendixes 1/2; Volume III:
Action Plan Report, Appendixes 2/2.

URT, (2005a). District Irrigation and Water Harvesting Support Project (Mainland).
Support To NEPAD-CAADP Implementation. TCP/URT/2908 (I), (NEPAD
Ref. 05/28 E). Volume III of VII. Bankable Investment Profile.

297 |Page



URT., 2005b. National Strategy for Growth and Reduction of Poverty (NSGRP).
VICE PRESIDENT’S OFFICE.

URT, (2006). Agricultural Sector Development Program (ASDP). Environmental And
Social Management Framework. Ministry Of Agriculture, Livestock
Development and Environments.

URT, (2007). National Adaptation Program of Action (NAPA). Vice President’s
Office, Division of Environments.

URT, (2008). Investment Potential and Opportunities in Agricultural (Crop Sub-
Sector Development Programme). United Republic Of Tanzania. Government
Programme.

URT, (2009). Investment Potential and Opportunities in Agricultural (Crop Sub-
Sector Development Programme). United Republic Of Tanzania. Government
Programme.

URT, (2010). Trends in the Food Security in Mainland Tanzania. Food Security and
Nutrition Analysis of Tanzania Household Budget Surveys 2000/01 and 2007.
Tanzania National Bureau of Statistics, Dar Es Salaam, Tanzania.

URT, (2012). National Climate Change Startegies. Division of Environment United
Republic Of Tanzania.

URT, (2012). The 2012 Population and Housing Census: Population Distribution by
Administrative Areas. National Bureau of Statistics, Ministry of Finance and
Office of Chief Government Statistician, Government Printers, Dar es Salaam.

URT-Vi, (2012). National Sample Census of Agriculture 2007/2008: Small Holder
Agriculture Regional Report — Mtwara Region (Volume Vi). Ministry of
Agriculture, Food Security and Cooperatives, Ministry of Livestock
Development and Fisheries, Dar es Salaam, Tanzania.

URT-Vh, (2012). National Sample Census of Agriculture 2007/2008: Small Holder
Agriculture Regional Report — Lindi Region (Volume Vh). Ministry of
Agriculture, Food Security and Cooperatives, Ministry of Livestock
Development and Fisheries, Dar es Salaam, Tanzania.

URT, (2013b). National Climate Change Strategy. Vice President’s Office, Dar es
Salaam.

URT, (2013c). Tanzania in Figures 2012. NBS. Dar es Salaam.

298 |Page



Van Aalst, M., Hellmuth, M., and D. Ponzi (2007). Come rain or shine: Integrating
climate risk management into African Development Bank operations. Working
Paper, No 89. African Development Bank (AfDB).

Van Vliet, M.T.H., Franssen, W.H.P., Yearsley, J.R., Ludwig, F., Haddeland, I.,
Letten-maier, D.P. and Kabat, P., 2013. Global river discharge and water
temperature under climate change. Glob. Environ. Change 23, 450—464.

Van Wynsberghe R., and Khan S., (2007). Redefining Case Study. International
Journal of Qualitative Methods, 6(2).

Venkatesh, V., Brown, S. A., and Bala, H. (2013). Bridging the Qualitative-
Quantitative Divide: Guidelines for Conducting Mixed Methods Research in
Information Systems. MIS Quarterly, 37(1), 21-54.

Visser P. S., Krosnick J. A. and Lavrakas P. J., (2000), Survey Research, Handbook
of Research Methods in Social Psychology, Cambridge University Press, New
York.

Walker, B., Carpenter, S., Anderies, J., Abel, N., Cumming, G., Janssen, M., Lebel,
L., Norberg, J., Peterson, G., and Pritchard, R. (2002). Resilience management
in social-ecological systems: A working hypothesis for a participatory approach.
Conservation Ecology, 6(1).

Walker B, Holling C.S, Carpenter S.R, Kinzig A., (2004). Resilience, adaptability and
transformability in social-ecological systems. Ecol Soc 9(2):5

Watts M.J., and Bohle H.G., (1993). The space of vulnerability: the causal structure of
hunger and famine. Progress in Human Geography, 17(1), 43-67.

Weber, E. U., 2010. What shapes perceptions of climate change. Journal of WIREs
Climate Change 1: 332-342.

Welman C., Kruger F. and Mitchell B., (2005). Research Methodology. 3™ Edition.
South Africa: Southern Book Publishers Limited.

White G, (1974). Natural Hazards: Local, National and Global. Oxford University
Press.

Wisner B., Blaikie P., Cannon T., and Davis 1., (2004). At risk, natural hazards.
People’s Vulnerability and Disasters, Routledge.

Woodside A.G., (2010). Case Study Research: Theory. Method. Practice. Emerald
Group Publishing Limited.

World Bank. (2007). World Development Report 2008: Agriculture for Development.
Washington D.C: The World Bank.

299 |Page



Yanda P. Z. and Mubaya C. P. (2011). Managing a Changing Climate in Africa: Local
Level Vulnerabilities and Adaptation Experiences. Mkuki na Nyota, Dar es
Salaam. 190pp.

Yin R.K., (1994) Case Study Research Design and Methods (2nd .Ed). Thousand
Oaks, CA: Sage.

Yin R. K., (2003). Case Study Research: Thousand Oaks, USA: Sage Publications.

Yin R.K., (2004). The Case Study Anthology. (Ed). Thousands Oaks, CA. Sage.

Yin R. K., (2009). Doing Case Study Research. Designs and Methods. 4" Ed.
Thousand Oaks, CA: Sage.

Yohe G., and Tol R.S.J., (2002) Indicators for social and economic coping capacity
- moving toward a working definition of adaptive capacity. Global
Environmental Change 12, pp. 25.

Zhang, X., Zwiers, F.W., Hegerl, G.C., Lambert, F.H., Gillett, N.P., Solomon, S.,
Stott, P.A., Nozawa, T., 2007. Detection of human influence on twenticth-

century precipitation trends. Nature 448, 461-466.

Internet Sources:
Baxter P, and Jack S., (2008). Qualitative Case Study Methodology: Study Design
and Implementation for Novice Researchers. The Qualitative Report Volume

13 (4) 2008 544-559. http://www.nova.edu/ssss/QR/QR 13-4/baxter.pdf.

Becker, B., Dawson, P., Devine, K., Hannum, C., Hill, S., Leydens, J., Matuskevich,
D., Traver, C. and Palmquist, M. (2012). Case Studies. Writing@CSU,
Colorado State University. http://writing.colostate.edu/guides/guide.cfm?guideid=60.

CAADIP, (2011). CLIMATE-SMART AGRICULTURE PROGRAM DESIGN
WORKSHOP: Vulnerability Assessment Methodologies for Adapting African

Agriculture to Climate Change Factsheet. http:/agrilinks.org/library/vulnerability-

assessment-methodologies-adapting-african-agriculture-climate-change.

EAC, (2014). Agriculture and Livestock. Constraints and challenges for the EAC

Agriculture sector East African Community. Sectoral Report. Agricultural

Symposium. http://www.eac.int/agriculture/index.php?option=com_content&view=article&id=76&Itemid=106.

Gebregziabher, G., Namara, E. R., Holden, S., 2009. Poverty reduction with irrigation
investment: An empirical case study from Tigray, Ethiopia. Agricultural

Water development. http://dx.doi.org/10.1016/j.agwat.2009.08.004.

300|Page


http://www.nova.edu/ssss/QR/QR13-4/baxter.pdf
http://writing.colostate.edu/guides/guide.cfm?guideid=60
http://agrilinks.org/library/vulnerability-assessment-methodologies-adapting-african-agriculture-climate-change
http://agrilinks.org/library/vulnerability-assessment-methodologies-adapting-african-agriculture-climate-change
http://www.eac.int/agriculture/index.php?option=com_content&view=article&id=76&Itemid=106
http://dx.doi.org/10.1016/j.agwat.2009.08.004

IPCC., (2001). Climate Change Report, 2001. Intergovernmental Panel on Climate

Change Climate change: The scientific basis.http://www.ipcc.ch/.

MAFSC, (2012). Tanzania Agriculture Sector. Ministry of Agriculture, Food and
Cooperatives. United Republic of Tanzania. Website:

http://www.tanzania.go.tz/agriculture.html. Accessed on 20th April, 2012.

Onatu G. O., (2013). Building Theory from Case Study Research: The Unanswered

Question in Social Sciences. 1% Global Virtual Conference Workshop.

http://www.gv-conference.com.

Preston B.L., and Smith S. M., (2009). Framing vulnerability and adaptive capacity
assessment: Discussion paper. CSIRO Climate Adaptation Flagship Working
paper No. 2. http://www.csiro.au/org/Climate AdaptationFlagship.html.

Terrell, S., (2012). Mixed - Methods Research Methodologies. The Qualitative Report

Volume 17 (1). 254-280. Retrieved from http://www.nova.edu/ssss/QR/QR17-

1/terrell.pdf.#
The Citizen.,, 2016. Tanzania: 500 Homes Lost in Mtwara Floods.

http://allafrica.com/stories/201602040513.html. Accessed on 20" Feb, 2016.

Tropentag, (2012). Resilience of agricultural systems against crises. International
Conference and Research on Food Security, Natural Resource Management

and Rural Development. CUVILLIER VERLAG, Goéttingen 2012.

http://www.tropentag.de.

Stockholm Resilience Centre, 2012. “Resilience dictionary.”
http://www.stockholmresilience.org/2 1/research/what-is-resilience/resilience-dictionary.html.

World Bank, (2015). Agriculture, Value added (% of GDP). World Bank DataBank.
http://data.worldbank.org/indicator/NV.AGR.TOTL.ZS.

301 |[Page


http://www.ipcc.ch/
http://www.tanzania.go.tz/agriculture.html
http://www.gv-conference.com/
http://www.csiro.au/org/ClimateAdaptationFlagship.html
http://www.nova.edu/ssss/QR/QR17-1/terrell.pdf.
http://www.nova.edu/ssss/QR/QR17-1/terrell.pdf.
http://allafrica.com/stories/201602040513.html
http://www.tropentag.de/
http://www.stockholmresilience.org/21/research/what-is-resilience/resilience-dictionary.html
http://data.worldbank.org/indicator/NV.AGR.TOTL.ZS

APPENDEX 1: Research Questionnaire for Local farmers/household.

PhD Report: Vulnerability and Resilience of Dry Land Irrigation Farming Schemes
Against Climate Change: A Case of Ruvuma Basin, South Eastern Tanzania

Section 1: General Information of Respondent.

1. Name of the District: .................coeoeneen Village: .....oovvvviiiiiiin
2. Farming Season:........................ Size of the Farm: .....................ooel.
3.Name: oo Relationship with the Head..............................
4. Age?
i. 18-25 ]
ii. 26-35 ]
iii. 36 —45 ]
iv. 46—55 L]
v. 56 and above [l
5. Sex?
1. Male ]
ii. Female []
6. Marital Status?
1. Single O
ii. Married [l
iii.  Divorced ]
iv. Widowed O
7. Education level?
i. No Education L]
ii. Adult Education ]
iii. Primary Education O]
iv. Secondary Education O
8. Occupation?
i. Subsistent farmer []
i1. Livestock keeping ]
1. Livestock and farming ]
iv. Green vegetable vendors O
9. How many sources of income do you have?
i. None [l
ii. 1 -2 sources [
iii. 3 - 5 sources 0
iv. More than 5 [l
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Section 2: Different Type of Dry Land Irrigation Farming Schemes

10. What type of farming systems do you practice?

i. Rainfed farming systems []
ii. Dry farming systems (Irrigation) ]
iil.  Alternet farming systems (rainfed and irrigation) ]
iv. Others (specify please) .................. ]

11. What type of crops grown in your farm or plots?
i. Green vegetables (amaranthus, cabbage, speenad”)
ii. Tomatoes, egg plants, bellpapper
iii. Onions, greenpea, okra L]
iv. Others (specify please) .................. O

12. What model of dry land irrigation farming schemes do you practice?
i.  Ndiva — bwawa/lambo (large artificial pond) [
ii.  Vinyungu — dug out pond

iii.  Mfereji — river channel/canal ]
iv.  Others (Specify) .....cooiviiiiiiiiiii O
13. What type of land tenure systems do you practised in your village?
i.  Inherited from family []
it.  From village government L]
iii.  Buying L]
iv.  Renting [l
14. What is the size of your farm land (plot)?
1. Less than one ha ]
ii. 1-2ha L]
ili.  More than 2 ha [l
iv.  Others (SPeCify) .......covuuiiniiniiiiiiieiieinnn, L]

15. For how long have you been practising dry land irrigation farming schemes in the
Mtaa/Village?

i.  Less than one year ]
ii. 1-10years ]
iii. 10 - 20 years [l
iv.  More than 20 years [

16. What is your major source of livelihoods in this village?
1.  Peasant (farming)
ii.  Livestock keeping
iit.  Livestock and farming
iv.  Green vegetable and crop vending.

HInEIN
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Section 3: Communities’ Knowledge on Vulnerability of Dry Land Irrigation
Farming Scheme Against Climate Change

17. Do you know if there are any changes in your farm plot because of climate
change?
1. Yes ]
ii. No ]

18. If yes, describe how climate change is affecting dry land irrigation farming
schemes practised in your village?

L
P
e
19. Do you know if your irrigation farming schemes is susceptible to vulnerable
condition?
i.  Yes ]
ii. No ]
Table 1:

20. If yes, describe how dry land irrigation farming schemes practised in your area is
vulnerable to climate change?

S/N | Responsible Factors | Attributes Overall Comments
112]3]4

1

2

3

4

Code: 1= Risk, 2= Sensitive, 3= susceptible, 4=No problem (nil)

Table 2:
21. What major problems affect dry land irrigation farming schemes in your village
with regards to climate change?

Problem category | Severity/ranking Overall | Comments
1 |2 [3 |4 |5

Floods

Diseases outbreak

Drought condition

Soil erosion

Lack of market

Lack of funds

Code: 1=most severe, 2=very severe, 3=least severe, 4=not a problem (nil)

22. What are the typical frequency and duration of occurrence of the problem
mentioned above?

1. Once every five year ]
ii.  Every year and throughout the farming season [
iii.  Once and onset of the farming season []
iv.  Once and at the end of farming season. L]
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23. What are the sensitive factors exposing dry land irrigation farming schemes to
climate change in your village?

24. What are the risks associated with dry land irrigation farming schemes in your
village?

Section 4: Communities’ Knowledge on Resilience of Dry Land Irrigation
Farming Schemes Against Climate Change

25. Do you know the term “Resilience”?

1. Yes ]
ii. No ]
Table 3:

26. If yes, describe how dry land irrigation farming schemes practised in your area is
responding, coping and adapting to climate change?

S/N | Responsible Factors | Attributes Overall Comments
112]3]4

1

2

3

4

5

Code: 1= Responding, 2= Coping, 3= Adapting, 4 (nil)

27. If dry farming systems will be affected (risk) to climate change; then describe how
dry land irrigation farming is responding/coping to climate change in your village?

28. What strategies do you use to rescue dry land irrigation farming schemes from the
effect of climate change in your village?

29. What mechanisms do you use to rescue dry land irrigation farming schemes from
the effect of climate change in your village?
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30. What determine the choice of coping strategies for your dry land irrigation
farming schemes in your village?

31. How is dry land irrigation farming schemes in your village is coping to climate
change effects?

32. What opportunities can be realised as a result of effect of climate change in your
village?

Section 5: Key Indicators Showing Vulnerability of Dry Land Irrigation
Farming Schemes Against Climate Change?

33. What are the key indicators showing vulnerability of dry land irrigation farming
schemes against climate change?

34. Do the key indicator mentioned above have a threshold limit or a point where they
no longer provide services to human?
1. Yes ]
ii. No H

35. (a) If yes, mention them and explain when and how the threshold limit occur?

36. Apart from climate change problem; What other challenges or problems affecting
the dry land irrigation farming schemes in your village?
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37. How do you access relevant and timely information that helps you to cope with
the problems mentioned in question 22 and 23 above?

i.
il.
iii.
iv.

Using local knowledge L]
Using information from agricultural extension sd_lices
Media and networks []
Meteorological stations. []

38. In your opinion what should be done to combat the climate change problem and
improve dry land irrigation farming schemes in your village?

Thank You Very Much/ARsante Sana!
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APPENDIX 2: Guideline for Interviews

PhD Report: Vulnerability and Resilience of Dry Land Irrigation Farming Schemes
Against Climate Change: A Case of Ruvuma Basin, South Eastern Tanzania

1. General information required: Long term changes in climate parameters
(rainfall, temperature and wind) in the village over past 25 years:

2. Specific information asked? Explain past and present changes and how these
affects dry land irrigation farming schemes in your village?

2 (a). Describe changes in rainfall, temperature and wind pattern in your village in the
past 25 years?

2(b). Why do you think there are changes in your village and what causes these
changes?

2(d). Mention key indicator showing how these changes expose dry land irrigation
farming schemes to the impact of climate change in your village?

2(e). In your opinions; what efforts are you taking to improve dry land irrigation
farming schemes practices and improve livelihoods in your village?

Thank You Very Much/ARsante Sana!
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Date : ....... oo /2014 Time :......Ars

APPENDIX 2: Guideline for Group Discussion

PhD Report: Vulnerability and Resilience of Dry Land Irrigation Farming Schemes
Against Climate Change: A Case of Ruvuma Basin, South Eastern Tanzania

i.  Name of the Village.
ii.  Name of the moderator.
iii.  Place of Discussion.
iv.  Composition of the discussion panel (in gender perspective)
v.  Existing vulnerable group in the village.
vi.  Types of dry land irrigation farming schemes
vii.  Climate change problems
viii.  Climate change coping strategies
ix.  Choice of coping strategies
x.  Local livelihoods problems.

1. Mention types of dry land irrigation farming schemes practised in your village?

2. How do the problems mentioned above affects dry land irrigation farming schemes
in your village?

3. How do the dry land irrigation farming schemes exposed to climate change in your
village?

4. How sensitive dry land irrigation farming schemes is to the climate change in your
village?

5. What are the risks associated with dry land irrigation farming schemes in your
village?
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6. What are the key indicator showing the vulnerability dry land irrigation farming
schemes against climate change in your village?

7. In your opinions, what should be done to improve dry land irrigation farming
schemes practices and improve livelihoods in your village?

8. In your opinions, what should be done to combat the problem of climate change in
your village?

Thank You Very Much/ARsante Sana!
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