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ABSTRACT 

The government of Ghana and Non-governmental Organizations have constructed a 

number of small scale irrigation dams and dug-outs in the Sissala West District of the 

Upper West Region. The purpose of the small scale irrigation dams is to give irrigation 

farmers access to enough water during the dry season. The variation of rainfall and high 

temperatures poses serious threat to dams, hence making it difficult for the reservoirs to 

have enough water for irrigation activities. The study investigated the effects of climate 

variability on small scale irrigation farmers and irrigation facilities in the Sissala West 

District. Mixed methods were adopted by combining both quantitative and qualitative 

approaches to data collection of which questionnaire and focus group discussions were 

used. The findings indicate that irrigation farmers had low yields, loss of investment and 

low income due to variation of rainfall, capacities of reservoirs and types of irrigation 

systems affect sustainability of irrigation activities. The study identified that water 

scarcity and low levels in reservoirs are important factors responsible for underutilization 

of irrigation facilities. Small scale irrigation farmers are constrained by low water levels, 

broken pipes, lack of canals and continuous decline in the amount of water in the 

reservoirs hinder the cultivation of crops and vegetables. To sustain the level of water in 

reservoirs, maintain irrigation facilities and improve strategies employed by small-scale 

irrigation farmers, the study recommends planting of trees around reservoirs; checking 

erosion, reduce evaporation and siltation, educating farmers on the need to protect 

irrigation dams, involving farmers in the design process of dams, government through the 

District assemblies supporting the rehabilitation of small-scale irrigation schemes and 

monitoring and supervising all small-scale irrigation schemes in the District. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Climate variability remains an issue of global concern because of its multi-dimensional 

impacts across sectors. Climate science literature has featured tremendous debates 

regarding whether to mitigate or adapt to climate variability. However, climate variability 

adaptations have gained so much momentum that much international attentions, including 

project funding and research to the extent that adaptation science is now offered as a new 

frontier of scientific discipline in western schools (F AO, IF AD, and WFP, 2013). 

Within adaptation literature, a salient feature is the growing recognition of irrigation as 

one of the best adaptation strategies to climate variability (Mushtaq, et ai., 2013; Playan 

and Mateos, 2006). Irrigation has potential for dry season farming, maintaining soil 

moisture, and improving food supply (Sanders et ai., 2010; Kurukulasuriya et ai., 2006). 

It is estimated that with climate variability, future water availability will decline and the 

frequency of extreme events like droughts will increase but this will vary spatially 

(Sanders et ai., 2010). Similarly by 2050, an approximately 4 billion people globally are 

expected to reside within river basins which have effects on severe water stress and 

supply scarcity (Saleth et ai., 2011). Water scarcity drives multidimensional 

environmental changes with consequences on water availability for food production 

(Saleth et al., 2011). From other perspectives, it is argued that developing countries will 

be the most affected in terms of the impacts of climate variability on food supply 

(Kurukulasuriya et ai., 2006; Kurukulasuriya and Mendelsohn, 2008). Climate variability 
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Increasing concerns of the long-term impacts of climate variability on water availability 

have prompted a rethinking of technological and indigenous knowledge packages that are 

linked to issues of vulnerability, livelihood, and food security in semi-arid regions 

(Tsegaye et al., 2013; Ulrich et al., 2012). Modern irrigation technologies are seen as a 

panacea to water scarcity and food insecurity through improved crop yields and reduced 

water use (Kpieta et aI., 2013; Khan et aI., 2010). With this background, many 

organizations especially multinational and nongovernmental, have devised strategies and 

begun the implementation of various irrigation schemes and technologies especially in 

developing countries (FAO, 2012, FAO, IFAD, and WFP, 2013). 

Many studies like Mushtaq, et aI., (2013), Kirby et aI., (2014) and Sun et aI., (2013) 

looked at different aspects of the relationship between climate variability and irrigated 

agriculture. Some have focused on the environmental impacts of irrigation on climate 

variability in terms of water use reduction, greenhouse gas emission and carbon 

sequestration. Others have also assessed the socioeconomic dimensions such as food 

security, reduction in vulnerability, incomes, and sustainable livelihoods as well as the 

institutional arrangements for sustainable agriculture (Amede, 2014; Abdelsalam et al., 

2014; Bar et al., 2015; Zimmerer, 2011). In most of these studies (Amede, 2015; 

Abdelsalem et aI., 2014; Bar et aI., 2015; Zimmerer, 2011), there is a unanimous 

conclusion that irrigation has positive feedback to climate variability from environmental, 

economic, and social perspectives. Most of these studies looked at unidirectional impacts 

and its impacts on food security are more likely to be high without significant 

modifications in agriculture technologies (IPCC, 2014). 

2 
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1.2 Problem Statement 

Africa's irrigation potential is estimated at 42.5 million hectares, yet in the sub-Sahara 

less than 4% (6 million hectares) of total cultivated area is irrigated as compared to 37% 

in Asia and 14% in Latin America (You et aI., 2010). The reasons for the untapped 

potentials are as a result of complex mix of factors including investment cost, poor 

planning, inconsistencies between farmers' needs and irrigation schemes, poor 

maintenance culture and inefficient local management institutions (Kadigi, et aI., 2012). 

of climate variability on irrigation and the role of irrigated agriculture as a best adaptation 

strategy (Adamson and Loch, 2014). 

However, a study by Tuinenberg et aI., (2011) found a positive precipitation trend in 

areas such as arid and semi-arid regions were irrigation activities are intensive. Though 

these studies have fostered an understanding of the effect of climate variability on small 

scale irrigation farmers, theoretical and empirical contributions from rural areas of Ghana 

still need to be looked at. This study has therefore contributed theoretical and empirical to 

studies of small scale irrigation schemes in the Sissala West District and Ghana at large. 

In Ghana, despite substantial potential for advancement in irrigation and the emphasis 

placed by national development plans, less than two percent of the total cultivatable area 

in Ghana is irrigated (Namara et aI., 2011). Approximately, Ghana's irrigation potential 

ranges from 0.36-1.9 million hectares to slightly more than 33,000 ha under irrigated 

cultivation (F AO 2005). Less than a third of the estimated total irrigated land in Ghana 

lies within 22 well-known public schemes, and much is not known of the location, 

development and management of the informal irrigation schemes that account for the 

3 
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The Upper West Region has been described as the most poverty-stricken and hunger spot 

in Ghana recording 70.7% incidence of poverty (GSS, 2014) of which the Sissala West 

District is part. As a result of the high poverty level, the subsistent farmers in the District 

cannot engage in mechanized agriculture or commercial farming using their own 

resources. The Ghana Living Standards Survey (2008) reported that 9 out of 10 people in 

the Upper West Region live below the poverty line. Adult illiteracy rate is also prevalent 

in this part of the country; the adult illiteracy rate of 75.6% for that of the Upper West 

Region is far higher than the national average of 45.9%. The malnutrition rate of 25% 

amongst the children in the region is also the highest in the country (GLSS, 2003; 

Songsore, 2011, cited in Kpeita et aI., 2013). The high incidence of poverty in the Upper 

West Region where the Sissala West Disrict is part has been attributed to heavy reliance 

on rain-fed agriculture and subsistence farming (Aryeetey and Mckay, 2004; NDPC, 

2009). 

remaining two-thirds of total irrigated land (Namara et aI., 2011). Informal irrigation 

schemes fall within 786 small reservoirs and 2606 dugouts in the country and mostly 

provided through community-based organizations (CBOs), Non-Governmental 

Organizations (NGOs) as well as other donor support (Namara et aI., 2011). Out of this, 

there are 84 small dams and 54 dugouts in the Upper West Region covering a land mass 

of 712 ha (Namara et aI., 2011). Within the informal irrigation schemes, their 

justifications are based on food security and rural employment especially in northern 

Ghana, which is characterized by mono-modal highly variable rainfall distributions 

(Namara et aI., 2011). 

4 
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The Sissala West District is characterized by uni-modal rainfall of short duration and 

high evapotranspiration allowing only 4 to 5 months of farming and 7 to 8 months of 

extended dry season. Rainfall pattern recorded was pegged at l14l.2mm as at the year 

2000 with a maximum temperature of 437.6°C. In 2010, rainfall pattern recorded was 

pegged at 1032.8mm with a maximum temperature of 4l3.l °C and in 2014 rainfall 

pattern recorded was pegged at 913.4mm and a maximum temperature of 402.4°C 

(Ghana Meteorological Agency, 2015). This erratic rainfall does not support or assist 

farmers in their desire to increase agricultural activities which could enable them produce 

sufficient for household care support and also selling some of the produce to earn income 

which may alleviate their poverty (MoF A, 2005, MoF A, Sissala West District 2015). 

• 

The 20 I 0 Population and Housing Census reveals that about 82.3% of the inhabitants of 

the Sissala West District are engaged in agriculture (Ghana Statistical Service, 2012). 

However, many of these farmers practice subsistence farming and are mostly engaged in 

the production of crops and livestock rearing which depend heavily on rainfall. 

.. 

The erratic pattern of rainfall in the District results in drought or water shortages during 

the dry season. The rainy season ranges from May to September and a rather long dry 

season from October to April, characterized by low and erratic rainfall patterns. There is 

the need for small scale irrigation infrastructure which could enable farming during the 

long dry season since rain-fed agriculture may not be able to support agricultural 

activities in the region. 

As a strategic approach to increase agricultural production and reduce poverty in the 

Sissala West District, the Government of Ghana, community based and non- 

5 
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A review of irrigation practices in Ghana by Namara et ai., (2011) concluded that with a 

small-irrigated area in Ghana, researchers lack clear understanding of where different 

types of irrigation infrastructure are used and the extent of their effects. Kpieta et 

ai.,(2013) also concluded that households communities have their livelihoods positively 

affected by the use of the small-scale irrigation dams but the construction of dams should 

be intensified, whilst Romanus and Joseph (2013) also agreed that some modest gains 

6 

governmental organizations (CBOs and NGOs) have provided some irrigation facilities in 

the District in order. There are 84 small scale dams and 54 dugouts in the Upper West 

Region and out of this number the Sissala West District has only 10 registered small 

dams and 5 dugouts (Namara et al, 2011, as cited in Kpieta et al, 2013) which are 

woefully inadequate to serve the agricultural needs of the inhabitants. Climate variability 

affects rainfall patterns hence causes the drying up of dams (Mckay, 2004; Slegers, 2008; 

Tsegaye et ai., 2013). Many of these small dams and dugouts in the District use the 

gravity method, which is cheaper as compared to the pump method. This system equally 

uses constructed wells or tanks and open channel irrigation methods, which waste 

considerable quantities of water, through evapotranspiration (MoP A, Sissala West 

District 2015). 

The water levels of the small scale dams in the Sissala West District may hinder the 

irrigation farming in the area. The farmers in quest to speed up irrigation farming have 

adopted the gravity method of irrigation which depends highly on the size and depth of 

water in the reservoir. However, the water levels of the reservoirs usually goes down 

beyond certain levels because of poor rain which limits and affects the use of the gravity 

system for irrigation activities within the area. (MoP A, Sissala West District 2015). 
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1.3 Main Research Question 

The main question the study seeks to address is: How does climate variability affect small 

scale irrigation farmers in the Sissala West District? 

have been made towards poverty reduction through irrigation and more efforts need to be 

made regarding farmers limited access to farm credit, technical assistance, hardly used 

insecticides, high yielding seed varieties and inadequate ready market for their produce. 

Several attempts by government of Ghana and other NGOs to develop and manage 

irrigation facilities for effective and efficient agricultural production in the Sissala West 

District are not as robust as compared to the escalation of challenges due to climate 

variability and its effect on agriculture activities. It is knowledge gap as regards to 

assessing the effects of climate variability on small scale irrigation systems with a 

comparative assessment of different sites in the Sissala West District of the Upper West 

Region' of Ghana. It will assess how climate variability affects small scale irrigation 

farmers' activities, systems and irrigated outcome in the study area. 

1.3.1 Specific Research Question 

The specific questions include: 

i. What are the effects of climate variability on small scale irrigation farmers 

activities in the Sissala West District? 

II. What are the non-climatic challenges of the development of small scale irrigation 

systems in the Sissala West District? 

iii. What strategies are used by the farmers to enhance sustainable small scale 

irrigation activities in the area? 

7 
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1.4 Main Research Objective 

Basically, the study seeks to establish the effect climate variability has on small scale 

irrigation farmers in the Sissala West District. 

1.4.1 Specific Objectives 

The specific objectives of this study are to: 

1. Examine the effects of climate variability on small scale irrigation farmers 

activities in the Sissala West District; 

II. Assess the non-climatic challenges of the development of small scale irrigation 

systems in the Sissala West District; and 

iii. Explore the strategies used by farmers to enhance sustainable small scale 

irrigation activities in the area. 

8 

1.5 Significance of Study 

There are extensive studies on the 22 formal small scale irrigation schemes in Ghana 

(Namara et al., 2011), yet studies on the informal schemes and their relationship with 

climate variability in the Upper West Region are fewer. Many of the studies on the 

formal schemes have looked a! the impacts of climate variability on irrigation. However, 

studies on the effect of climate variability on small scale irrigation systems are scarce in 

rural Ghana. This research seeks to respond to two major research gaps. 

Firstly, it seeks to contribute to the studies on conventional schemes, thus small scale 

irrigation system and secondly it will explore the effects of climate variability on small 

scale irrigation system in Ghana. Many international organizations have argued that in 

the post 2015 agenda, sustainable agriculture must be at the centre of sustainable 

www.udsspace.uds.edu.gh 

 

 

 

 



-------------- ...•••••• 

development (FAO, IFAD and WFP, 2013). This research therefore fits into the new 

global agenda as it seeks to share perspectives from a rural area of a developing country. 

The study seeks to make theoretical (literature review), empirical (households surveys) 

and methodological (including data analysis) contributions to climate variability 

irrigation nexus. From the theoretical perspective, the study will assess global narratives 

of climate variability and irrigation; identify the driving forces, relevant indicators and 

their characteristics and the institutional and governance arrangements. From a 

methodological perspective, the study will contribute insight into how the effects of 

climate variation on small scale irrigation system can be measured, assessed, and 

monitored. It will also draw new insight into resilience theory as an approach to 

analyzing the differing effects. Empirically, the study will also share small scale 

irrigation farmers' (households') perspectives of the effects, challenges and the coping 

strategies in place. 

1.6 Scope of the Study 

Spatially, the study covers the Sissala West District of the Upper West Region of Ghana. 

This is because, the District is one of the youngest Districts in the Upper West Region 

where agriculture is mostly practiced alongside small scale irrigation schemes especially 

during dry season. The study focuses on small scale irrigation farmers activities within 

the S issala West District. The study used one and half years across 2015 and 2016 to 

assess the effects of climate variability on small scale irrigation farmers, methods or 

systems of irrigation and strategies they adopted during the irrigation farming seasons 

within the Sissala West District. 

9 
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1.7 Limitations of the Study 

Limitations are inevitable in every research carried out. One major problem the 

researcher faced in carrying out this study was the respondents and their personal biases 

and inefficiencies of institutions in the District that sought to affect the study in various 

ways. Despite these limitations, the researcher can vouch that the outcome of the study 

has not adversely affected because the respondents and their personal biases were taken 

care of by the researcher. 

1.8 Organization of the Study 

The thesis comprises five chapters. Each chapter builds on the previous chapter. Chapter 

one introduces the study, identifies the problem under investigation and asks the relevant 

research questions. It further outlines the objectives of the study, defines its scope, gives 

a justification for the selection of the topic and outlines the limitations of the study. This 

chapter is significant because it guides and puts the study into a good perspective by 

checking deviations. Chapter two reviewed existing literature on climate variability and 

irrigation. Thus, definitions of pertinent terms, a review of issues with respect to climate 

variability, theories of climate variability, and the role of irri,gation as an adaptive 

mechanism or strategy to climate variability. Chapter three also describes the research 

methodology that was employed in the study. These include the research design, sources 

of data, sampling techniques and data collection tools. Chapter four covers the data 

analysis and presentation, while chapter five gives the summary of key findings of the 

study, conclusion and recommendations. 

10 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This segment provides definitions of pertinent terms, a review of issues with respect to 

climate variability, theories of climate variability, and the role of irrigation as an adaptive 

mechanism or strategy, amongst others. This is to help make inferences from successful 

irrigation projects as strategies towards ensuring food security through sustainable 

agriculture. 

2.2 Key Concepts 

2.2.1 Climate 

Climate in a narrow sense is usually defined as the average weather conditions or more 

rigorously as the statistical description in terms of the mean and variability of relevant 

quantities over periods of time ranging from months to thousands or millions of years. 

The classical period for averaging these variables is 30 years (World Meteorological 

Organization, 2010). Some view it as the average weather conditions, of any given 

geographic region, estimated over a long period of time, from a few weeks to infinite 

years (NASA, 2008). The relevant quantities are most often surface variables such as 

temperature, precipitation and wind. Climate in a wider sense is the state, including the 

statistical description of the climate system (lPCC, 2007). Climate therefore, is the long 

term average of individual weather situations, taken over sufficiently long periods of time 

(Gerten et aI., 2011). 

11 
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2.2.2 Climate Variability 

Climate variability refers to changes in the mean state and other statistics (such as 

standard deviations) of the climate on all temporal and spatial scales (UNFCCC, 2007). 

Variability includes more than individual weather events and may result from natural 

internal processes within the climate system (internal variability) or to changes in natural 

or anthropogenic external forces (external variability). Others view climate variability as 

short term changes in climate that place over months, seasons and years (Hatziolos, 

2007). This variability is the result of natural, large scale features of the climate. 

However, Robit et aI., (1996) sees climate variability as spatial and temporal occurrence 

of climate anomalies such as drought, flood, cyclones and variations in rainfall and 

temperature as a normal phenomenon in weather systems. 

12 

Climatic variability, in conjunction with other physical, social, and political-economic 

factors are currently major problems in semi-arid regions (Rob it et al. 1996). Human 

beings have been adapting to the variable climate around them for thousands of years. 

Worldwide local climate variability can influence peoples' decisions with consequences 

for their social, economic, political and personal conditions, and effects on their lives and 

livelihoods (Boko et al. 2007). Many people in the world structure their lives in concert 

with their environmental contexts. 

Climate Variability is referred to as any change in climate over time whether due to 

natural variability or as a result of human activity, which alters the composition 

of the global atmosphere (IPCC, 2014). Thus, climate variability can be defined as the 

slow change in the composition of the global atmosphere, which is caused directly and 
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indirectly by various human activities in addition to natural climate variability over time 

(Kirby et al., 2014). Whereas weather impacts our daily lives, climate influences our 

decisions about where to live, where, what and how to grow food, which consequently 

have direct influences on how communities and economies develop and thrive (Saleth, 

2011). Changes in climate are associated with more fundamental changes to the global 

climate system, involving interactions and feedbacks between the atmosphere, the 

oceans, land and ice surfaces and all living things in these spaces. 

2.2.3 Irrigation 

Irrigation is defined as the artificial application of water to land or soil (Snyder and Melo 

Abreu, 2005). Irrigated agriculture has three important connections with climate 

adaptation. First, irrigation boosts productivity and protects crops from failure due to heat 

waves, floods, and droughts. This makes it an important vehicle for adaptation at the 

local and global scale, by providing a large and reliable supply of food (40 percent of the 

global total on 20 percent of cultivated land). Second, because irrigated crops are already 

protected against rainfall variability, they are more sensitive to predicted long-term 

increases in temperature. Finally, irrigation represents 86 percent of human water use 

(F AO, 2005). Water demand already exceeds sustainable supply in many parts of the 

world, and climate variability will add to this stress. More efficient irrigation systems can 

13 

Climate variability can be described as a complex biophysical process influenced by 

interaction of gases at the earth's atmosphere to cause land and sea temperature rise 

(Lioubimtseva, 2005). Climate variation can therefore also be defined as any long-term 

and significant change in the expected patterns of a specific region's average weather 

conditions for an appropriately significant period of time. 
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help relieve this stress, making water available for residential and industrial use and 

environmental flows. 

2.2.4 Scale of irrigation 

Irrigation projects in Ghana are generally categorised as small, medium or large based 

primarily on size. Sizes of up to 200 hectares are regarded as small and anything greater 

than 1,000 hectares as large with anything in-between the two (200-1,000 hectares) as 

medium. It is proposed that the level of management could be factored into the 

classification of schemes. For example, a small scale project must also be wholly-owned 

and managed by the farmer or group of farmers. In the same vein, projects jointly owned 

and managed by the state through GIDA and farmers could be regarded as medium. 

Bigger projects could then be those large stated-owned projects managed by the state or 

quasi-government agencies. Based on this reclassification, small scale irrigation can only 

be found on private farms and their numbers are virtually insignificant. The whole idea is 

to put the irrigation development philosophy in the hands of the farmer through the 

introduction of appropriate small scale irrigation technologies and vigorous extension 

policies, this way, half the battle over the cost of irrigation and management would have 

been won. (MOFA, 2006). 

2.2.5 Small Scale Irrigation 

Small-scale irrigation can be defined as irrigation, usually on small plots, in which small 

scale irrigation farmers have the controlling influence, using a level of technology which 

they can operate and maintain effectively. Small-scale irrigation is, therefore, farmer 

managed: farmers must be involved in the design process and, in particular, with 

decisions about boundaries, the layout of the canals, and the position of outlets and 

14 
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bridges. Although some small-scale irrigation systems serve an individual farm 

household, most serve a group of farmers, typically comprising between 5 and 50 

households. 

Distribution outlets or division structures are used to distribute the water among a group 

of farmers. If the flow is less than 30 lis, one farmer can probably use it efficiently for 

surface irrigation through one outlet, but larger flows need to be divided fairly between 

several outlets. In either case, it is important that outlets can be closed when not in use, 

and that water cannot leak out. The outlet is build using a pre-cast concrete, circular gate 

which has proved to be effective in various countries, lasting longer than either a wood or 

metal gate (Smith et. aI., 2014). 

15 

2.3 Theories of Climate Variability 

Several theories have been advanced by scholars (such as Pielke, 2009 and Bast, 2010) 

on climate variability, climate change and their adaptation methods. The theory that most 

researchers are familiar with is commonly anthropogenic (man-made) global warming 

which is commonly referred to as Anthropogenic Global Warming (AGW). This theory 

holds that greenhouse gases for example carbon dioxide are the major cause of the global 

warming that occurred five decades ago (Pielke, 2009). 

By this process, energy from the sun travels through space and .reaches the earth. The 

earth's atmosphere is mostly transparent to the incoming sunlight, allowing it to reach the 

planet's surface where some of it is absorbed and some is reflected back as heat out into 

the atmosphere. Certain gases in the atmosphere, called "greenhouse gases," absorb the 

outgoing reflected or internal thermal radiation, resulting in the earth's atmosphere 

becoming warmer than it otherwise might be. 
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Water vapor is the major greenhouse gas, responsible for about 58 percent of the 

greenhouse effect, followed by carbon dioxide (26 percent), methane (9 percent), and 

ozone (7 percent) (Pie Ike, 2009). During the past century, human activities such as 

burning wood and fossil fuels and cutting down or burning forests are thought to have 

increased the concentration of carbon dioxide (C02) in the atmosphere by approximately 

50 percent. Continued burning of fossil fuels and deforestation could double the amount 

of carbon dioxide (C02) in the atmosphere during the next 100 years, assuming natural 

"sinks" don't grow in pace with emissions (Pielke, 2009). 

Earth's climate also responds to several other types of external influences, such as 

variation in solar radiation and in the planet's orbit, but these "forcings," according to the 

proponents of AGW, cannot explain the rise in Earth's temperature over the past three 

decades. The forcing caused directly by man-made greenhouse gases is also small, but 

the AGW theory posits that positive feedbacks increase the effects of these gases between 

two and four-fold. A small increase in temperature causes more evaporation, which 

places more water vapor in the atmosphere, which causes more warming. Global 

warming may also lead to less ice and snow cover, which would lead to more exposed 

ground and open water, which on average are less reflective than snow and ice and thus 

absorb more solar radiation, which would cause more warming. Warming also might 

trigger the release of methane from frozen peat bogs and CO2 [rpm the oceans (Pielke, 

2009 and Bast, 2010). 

Proponents of the AGW theory believe man-made activities are responsible for floods, 

droughts, severe weather, crop failures, species extinctions, spread of diseases, ocean 

coral bleaching, famines, and literally hundreds of other catastrophes (Pielke, 2009). All 

16 
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these disasters will become more frequent and more severe as temperatures continue to 

rise. Nothing less than large and rapid reductions in human emissions will save the planet 

from these catastrophic events. 

Several years on wards, researchers' confidence in the Anthropogenic Global Warming 

theory has drastically reduced. Emerging new research attributes climate variability to 

natural causes of the modern warming and stabilizing (by some measures) falling, global 

temperatures have called attention to long-recognized shortcomings of the AGW theory. 

The increasing loss of confidence of the AGW theory due its limited analysis on the 

causes of climate variability, led to many scholars not interested in using this theory and 

therefore gave birth to other theories (Human forcings beside greenhouse gases, cloud 

formation and albedo, Bio-thermostat, Ocean currents, Planetary motion and Solar 

variability theories) that predict how climate variability occurs. This study however will 

focus on the theory on Human Forcings besides greenhouse gases as the major cause of 

climate variability. 

17 

This theory states that: 

Although the natural causes of climate variations and changes are 

undoubtedly important, the human influences are significant and involve a 

diverse range of first-order climate forcings, including but not limited to 

the human input of carbon dioxide (COz) (Pielke, 2009, as cited in Bast, 

2010;14). 

The theory holds that human kind's major influence on the climate is not the greenhouse 

gas emissions but the transformation of the earth's surface through the clearing of the 
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natural forest, irrigating deserts and building cities (Pielke, 2009). The theory assumes 

that urban heat islands, aerosols and the ozone, deforestation, costal development and the 

contrails of jets and vehicles are the human forcings that cause climate variability. 

The Urban Heat Islands as human forcing argues that cities tend to be warmer than 

suburbs and the suburbs warmer than rural areas. This is because they have greater 

concentrations of energy-producing machines and vehicles and large amounts of 

concrete, asphalt, and other building and road materials that absorb solar energy and then 

re-emit thermal energy. These "urban heat islands" effects have been documented by 

many authors. De Laat et al., (2004) concluded that "the 'real' global mean surface 

temperature trend is very likely to be considerably smaller than the temperature trends". 

Advocates of the AGW theory falsely attribute higher temperatures caused by urban heat 

islands to rising atmospheric CO2 levels. 

18 

Anthropogenic aerosols and ozone have shorter lifetimes than greenhouse gases, and 

therefore their concentrations are higher in source regions and downwind. Pielke (2009) 

estimate the effect of human aerosols on the gradient of radiative heating on regional 

scales "is on the order of 60 times that of the well-mixed greenhouse gases". With many 

surface-based temperature stations located in urban or near-urban areas, it is likely they 

are registering the warming effects of these aerosols and ozone, not CO2• 

Deforestation as a "human forcing" is the increasing removal of trees by cutting or 

burning. It is a common practice in developing countries by which CO2 is released into 

the atmosphere and prevents forests from sequestering carbon in the future. The pasture 

or crop land that replaces the forest lacks the shade created by a forest canopy and tends 
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to be warmer. The IPee has estimated that between one-quarter and one-third of 

anthropogenic e02 emissions are due to deforestation, not the burning of fossil fuels, 

though this estimate has been challenged as being too high (IPee, 2007). 

Anthropogenic activities in coastal areas such as logging, agriculture, construction, 

mining; drilling, dredging, and tourism all can increase or (more rarely) decrease surface 

temperatures of nearby bodies of water. For example, storm runoff from city streets 

following heavy rains can result in seawater dilution and temperature increases. 

Development can produce sediment that reduces stream-flow and damages coral reefs by 

reducing the penetration of sunlight or by direct deposit on the coral, causing damage 

mistakenly attributed to global warming. 

19 

Jets and vehicles produce carbon mono oxide as they move. Jets often leave behind them, 

called condensation trails (contrails) composed of water vapor, and they precipitate the 

creation of low clouds that have a net warming effect. Several of these "human forcings" 

have local and regional effects on climate equal to or even exceeding that of 

anthropogenic greenhouse gas emissions. This leaves little of no warming left to be 

explained by the Anthropogenic Global Warming theory. Unfortunately, as Pielke (2009) 

concludes, the IPee in 2007 "did not sufficiently acknowledge the importance of these 

other human climate forcings in altering regional and global climate and their effects on 

predictability at the regional scale. It also placed too much emphasis on average global 

forcing from a limited set of human climate forcings. 
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2.4 Conceptual Framework 

Based on the theoretical insights discussed, a model is developed to implement irrigation 

as an adaptation strategy towards curtailing the numerous impacts of climate variability 

and ensuring food security. Figure 2.1 shows a conceptual framework for the adoption of 

irrigation as a climate variability adaptation strategy. It also indicates how different 

environmental factors together with risk factors influence agriculture in diverse ways. 

Climate variability influences the bio-physical (agriculture), socio-cultural and socio 

economic environments, impacting resources and assets including social capital. The 

resource management strategies and decision making potential of farmers is also affected. 

20 

The bio-physical environment is being affected by climate variability and eventually 

affect rural livelihoods especially the vulnerable (women and children) in the drought 

prone areas (F AO, 2008). Climate variability directly affects the agricultural systems and 

subsequent yield reduction in the rural areas of the developing world. The risk elements 

considered in the Climate variability framework affect biophysical environment such as 

plant development and agricultural management practices, as well as different capital 

items especially infrastructure, productive assets and human capital including health 

(Karfakis et aI., 2013; IPCC, 2012). 

Also, there are increasing concerns about the rising threats to current income and 

consumption patterns of farmers and individuals that earn their livelihoods from 

economic activities (agricultural production). The poor farmers are usually considered as 

most threatened by the effects of climate variability and weather shocks on the basis of 

possible disruptions in the production process. Also, the rural and urban poor consumers 
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are threatened if food prices increase in order to reflect the impact of climate variability. 

(F AO, 2008; Karfakis et aI., 2013) 

However, farming, pastoralist, fisheries and forestry sectors and the livelihoods therein 

are directly sensitive to climate variability. The frequency and intensity of extreme 

events, along with irregularities in seasonal weather patterns, influence agricultural 

production and distribution in rural and urban areas. Changes in the environment also 

affect consumption of rural livelihoods through their impacts on agricultural production 

and income, since farm yields are directly affected by weather elements. (Foresight, 

2011; IPCC, 2012). 

Subsistence farmers who produce food for their own consumption and sometimes sale 

surplus to earn income are subjected to risks such as the loss of access to natural 

resources and production shortfalls associated with climate variability effects. However, 

women and children are at higher risk, in both urban and rural areas. Women tend to have 

less access to assets especially land and other physical or human capital, savings and 

credit and it makes them more vulnerable to impacts of climate variability (F AO, 2008). 

21 

Irrigation is therefore adopted as a coping strategy to improve agriculture so as achieve 

sustainable agriculture and food security. 
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Figure 2.1: Conceptual Framework for Adopting Irrigation as a Climate Variability 

Adaptation Strategy. 
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Source: Adapted from Selvaraju, et aI., 2006 
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2.5 Adaptation to Climate Variability 

Adaptation in the context of climate variability refers to any adjustment that takes place 

in natural or human systems in response to actual or expected impacts of climate change, 

aimed at moderating harm or exploiting beneficial opportunities (Klein et al. 2005, Adger 

et al. 2007). Klein et al. (2005) also argue that adaptation is not a new activity only 

relevant in the context of climate variability, but instead an ongoing process to reduce 

vulnerability to climate variability as well as human-induced climate variables. It is also 

indicated that adaptation is closely linked to adaptive capacity (Anderson et al. 2010). 

The concept of adaptive capacity has been introduced, reflecting an awareness that the 

mere existence of adaptation options does not mean that every vulnerable community, 

sector or country has access to these options or is in a position to implement them (Smit 

and Pilifosova, 2001). According to Adger et al. (2007) in IPCC report, the concept of 

adaptability (or adaptive capacity) is defined as "the ability of a system to adjust to 

climate change (including climate variability and extremes) to moderate potential 

damages, to take advantage of opportunities, or to cope with the consequences ". In this 

sense, adaptive capacity of a human-environmental system is therefore the potential of 

this system to reduce its vulnerability and consequently to moderate the potential impacts 

of climate variability and change. 

Research work on adaptation to climate variability is burgeoning, but literature on 

agricultural adaptation specifically, irrigation, is limited. Although more work is 

beginning to emerge, Howden et aI., (2007) divided adaptation into two: farm level 

changes in farming practices to maintain existing systems and wider institutional and 

policy changes which may be more significant and systematic in nature. Irrigation as an 
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---------------- .......• 
agricultural adaptation strategy can thus be thought of as a modification to an existing 

system or a wider set of changes towards improving agriculture. 

2.6 Climate Variability, Agriculture, and Food Security 

In the present day, climate variability is a widely acknowledged fact (IPCC, 2013) and it 

will have a considerable impact on agricultural production and its related processes 

(IPCC, 2007). Positive effects, such as an increase in temperature, may allow for earlier 

sowing of seeds, decrease the risk of freezing, and enhance plant productivity. 

Additionally, the rising concentration of carbon dioxide in the atmosphere could have a 

positive impact on agricultural production due to its fertilizing effect. Nonetheless, 

climate variability equally has negative effects. Poor harvests may notably result from the 

increasing frequency and intensity of the aforementioned weather extremes as well as 

climate related increases in pests and diseases (IPCC, 2001). 

Food security, which is the physical availability of food, covers domestic production, the 

country's stock, flow of food aid and trade which could include imports and exchanges. 

With environmental degradation as a consequent of climate variability resulting in 

reduced arable land suitable for agricultural production and low soil fertility, depletion of 

water bodies and less precipitation, high incidence of pests attacks and diseases that 

Climate variability will be mainly experienced through the water regime (F AO, 2008) 

and the availability of water resources will be affected by changes in rainfall distribution, 

soil moisture, glacier and ice/snow melt, and river and ground water flow. Thus, it is 

likely that such climate change-induced hydrological changes will affect both the extent 

and the intensity ofrain-fed as well as irrigated agriculture (FAO, 2008). 

24 
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affect crops and livestock, decreased animal productivity from high temperatures and 

negative impacts on labour available to work (Bird and Shepherd, 2003). This causes 

food availability to decrease in Africa. 

Climate variability is also exacerbating desertification on the continent and decreasing 

arable land for food production. Climate variability causes shifts in growing seasons, 

lowers agricultural yields as a result of variability in rainfall and higher temperature 

patterns and reduces local food availability (F AO, 2008). With decreased production at 

the continental level, Africa will be dependent on food imports and aid. Economic and 

physical access to food means being in employment with stable livelihoods, and having 

the financial resources to access food (Van der Weijden et aI., 2011). In rural 

communities, common community resources like forest for collection of wild foods 

and community support networks are essential means to access food. 

25 

Market factors and the prices of food as well as one's purchasing power are important to 

enable one access food (Slegers, 2008). Wild food available in forest that the poor rural 

community depends on is under threat from climate induced changes and therefore less 

food for the poor and vulnerable. Climate variability has important implications for food 

distribution as it affects accessibility due to destruction of roads, bridges and other 

infrastructure, and influences the functioning of markets and other social and economic 

institutions (Biamah, 2005; Lioubimtseva and Henebry, 2009). Extreme weather events 

affect local production and therefore local income and accessibility to food. Access to 

food is affected by climate variability due to the disruption or loss of livelihoods and 

price volatility of staples and animal protein source (Lioubimtseva et al., 2008; Tsegaye 

et al., 2013). 
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2.7 Impacts of Climate Variability on Agriculture 

The potential effects of climate variability, depending upon variations of temperature and 

rainfall can cause significant loss of crop yields, mostly by limiting soil water availability 

during the critical stages of the crop cycle (Tsegaye et al., 2009; Frost et al., 2007). The 

potential number of annual plant growth days results from the daily temperature 

conditions and the daily water availability (Ulrich et al., 2012). An increase in 

temperature has a mostly positive effect on the plant growth as it reduces almost 

everywhere the number of days where the temperature is too low for plant growth 

(Sanders et aI., 2010). Regions where the temperature exceeds the upper temperature 

threshold and causes, therefore temperature stress is difficult to be identified. 

26 

Water stress, in contrary, increases in all climate variability scenarios when compared to 

areas of no threats of climate change (Kurukulasuriya et aI., 2006). The spatial variation 

of this change, however, is much more pronounced in areas of total climate variability 

than in areas of less or no change. This can even yield a positive effect by reducing the 

number in water stress days in a few regions. The former can be explained with the 

presence of snow in most mountainous areas and the way the water stress indicators have 

been calculated. 

When combining the impacts of water stress days and temperature stress days, it can be 

noted -that the number of potential plant growth days differs considerably. Total climate 

variability scenarios leads virtually everywhere to an increase in the number of potential 

growth days, whereas under the Partial change scenarios, the number of potential plant 

growth days decreases everywhere (Kurukulasuriya et aI., 2006). The overall impacts are 

positive, however, the changes are very heterogeneous across Asia and Africa. In other 
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words, while some regions experience a very high increase in potential plant growth 

days, the number of plant growth days decreases in other regions. 

2.8 Role of Irrigation as Adaptation Strategy to Climate Variability 

The irrigation potential is the number of annual days where sufficient stream flow water 

IS available for irrigation. Sufficient water is available if the stream flow is above the 

environmental water requirement (Tuinenberg et aI., 2011). This analysis does not take 

into account whether irrigation is actually needed or not on a specific day as compared to 

the total plant growth days, the overall irrigation potential decreases in all climate 

variabil.ity cases. The change in climate is unequally distributed and in some regions 

(e.g., northern Russia, the mountainous areas of Africa and Asia) even leads to an 

increase of the irrigation potential. In contrast, Partial climate change scenarios results in 

a sharp and spatially uniform distribution decrease of the irrigation potential. 

Precipitation impacts on the irrigation potential stronger than the temperature change 

(Mushtaq, et aI., 2013). However, the overall reduction and spatial heterogeneity of the 

irrigation potential is greater. 

27 

The adaptive capacity is measured in the annual number of additional plant growth days 

and is the second key variable in assessing irrigation as an adaptive strategy for climate 

variability (Playan and Mateos, 2006). These are days where plant growth is considered 

to be possible only with the support of irrigation. In other words, it corresponds to the 

number of days where, at the same time, water stress is occurring, but sufficient water is 

available for irrigation. The overall number of additional plant growth days that can be 

gained with credit to irrigation only decreases (Mushtaq, et aI., 2013). The spatial 

heterogeneity of these changes, however, is considerable. 
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2.9 Institutional Challenges 

2.9.1 Irrigation Development 

Ghana Irrigation Development Authority (GIDA is a government organization that comes 

under the jurisdiction of the Ministry of Food and Agriculture. GIDA is the only public 

organization linked directly to irrigation development and management (GIDA and 

MoFA, 2008). However, before GIDA was the Land Improvement and Preservation Unit, 

which was established in the early 1950s within the Department of Agriculture to 

conserve soil in the northern part of Ghana. This Unit was expanded to the Irrigation 

Development Department within the Ministry of Agriculture in 1965, and then 

established as GIDA by government decree in 1977. GIDA was formed with the broad 

objective of multi-disciplinary irrigation development outlook with a vision to explore all 

water resource for livelihood option in agriculture at the appropriate scale for all 

communities. The mission of GIDA is to formulate and execute plans to promote the 

development of water and land resources in Ghana for crop production, livestock 

watering, agriculture, agriculture related industries and institutions within a suitable 

environment (GIDA, 2008). 

Also, GIDA is in charge of surveying candidate sites for irrigation development, 

designing and constructing facilities, managing and maintaining irrigation-project 

districts under further development, and disseminating farming technology among 

farmers. GIDA has developed 22 irrigation project districts of varying sizes covering a 

total area of 8,800 hectares across the country (Namara et aI., 2011 and Miyoshi and 

Nagayo 2006). Since its establishment, GIDA has developed and managed public 

irrigation systems and schemes in Ghana. The total developed land area in the public 
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irrigation districts is approximately 8,800 ha, but actual irrigation land areas have been 

decreasing year after year. As at 2003, the area had decreased to approximately 5,200 ha. 

This decrease happened as a result of development and maintenance problems such as a 

decline in capacity to convey and distribute water due to aging facilities, abandonment of 

irrigated agriculture due to the collapse of most facilities (Miyoshi and Nagayo 2006). 

2.9.2 Small Scale Irrigation Dams Development Problems 

Small-Scale Irrigation Dams development intervention and better access to small-scale 

irrigation facilities enables rural people to diversify their income sources and contribute a 

lot to short-term and long term alleviation of socio-economic problems. Small-scale 

irrigation in particular can promote rural food security, poverty alleviation and adaptation 

to climate variability. 

Small-scale irrigation dam development helps to sustain and increase agricultural 

production, especially in areas where rainfall is unreliable and erratic in nature. However, 

the performance and effectiveness of small-scale irrigation schemes is constrained with 

many challenges that range from individual farmers' attitude to institutional 

arrangements, basic structures required for water control such as design, construction, 

operation and maintenance (Byrnes, 1992 as cited in Hamda Tulu, 2014). 

Design involves the design; of small-scale irrigation dams, dug-outs or well to acquire 

water, of systems of rules to allocate it, of channels and gates to distribute it and of drains 

to remove it. Construction involves the construction of the structures to acquire, distribute 

and remove water, or implementation of rules that allocate it. Operation also, refers to the 

operation of the structures that acquire, allocate, distribute or remove water according to 

some determined plan of allocation. Maintenance is the final control structure activity. 
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This provides for the continued and efficient acquisition, allocation, distribution and 

drainage (Byrnes, 1992 as cited in Hamda, 2014). 

However, the organizational activities are those which focus on the efforts to manage the 

structures that control small-scale irrigation water like resource mobilization, conflict 

resolution, communication and decision making. The activity of resource mobilization 

entails marshaling management and utilization of funds manpower, materials, 

information or other inputs needed to control water through structures or to undertake 

various organizational tasks. Therefore, decision making entails the processes including 

planning in making decisions about the design, construction, operation or maintenance of 

structures; acquisition, allocation, distribution or drainage of water (Byrnes, 1992 as cited 

in Hamda, 2014). 

2.9.3 Irrigation Water Management 

Water availability and its distribution remains an important factor in any small-scale 

irrigation scheme. The most important factors in the distribution of small-scale irrigation 

dam water include adequacy, timeliness and equity in the supply of water. 

However, low capacity of farmers, lack of know-how in, and access to, the opportunities 

of irrigation technology; weak economic base of most small-scale irrigation farmers and 

the relatively high development costs involved in developing irrigation schemes are also 

serous challenges small-scale irrigation farmers face (Mekuria, 2003). Small-scale 

irrigation farmers practice irrigation without essential know-how on crop water need, 

water application method and irrigation interval. Lack of knowledge of irrigation water 

management aspects results in wastage of irrigation water, deterioration of some 

structures and water logging problems on some farms (Berhanu, 2006). 
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Low institutional capacity which is critical to enhance the development of Small-Scale 

Irrigation (SSI) dams with regards to development planning, design, implementation, and 

operation and maintenance. Other institutional barriers include limited priority given to 

irrigation development during national and local planning and budgeting; poor 

management structures in place to support farmers and promote irrigation development 

(Mekuria, 2003; Berhanu, 2006). 

2.10 Conclusion 

The increasing use of irrigation facilities has some implications for both agriculture and 

the livelihoods of rural farmers. The review of literature, definitions, concepts among 

others has shown essential information on the idea of irrigation, climate variability, the 

conceptual framework for adopting irrigation as a climate variability adaptation strategy, 

the relation between climate variability, agriculture, and food security, the impacts of 

climate variability on agriculture, and the institutional challenges of the development of 

small scale irrigation dams. The review revealed that irrigation and climate variability 

have been assessed with focusing on the numerous effects of climate variability on small 

scale irrigation farmers' activities, the non-climatic challenges of the development of 

small scale irrigation systems and the strategies used by farmers to enhance sustainable 

small scale irrigation activities. Therefore, this study does not only probe farmers 

irrigation activities but also sheds light on the underlying processes including irrigation, 

climate variability and how farmers adapt to the varying environmental conditions. 
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CHAPTER THREE 

STUDY AREA AND RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter covers the study area and methods and research procedures used in 

collecting and analyzing data. It deals with the research design, source of data, sample 

cases, sample size, research instruments, and sampling techniques, pre-testing of research 

instruments, data collection and methods of data analysis. 

3.2 Profile of the Study Area 

3.2.1 Location and Size 

The Sissala West District is located in the northern part of Upper West Region. It lies 

approximately between Longitude 2° 13' W to 2° 36' Wand Latitude 10° 0' N to 11 ° 0' 

N. The district forms part of the eleven (11) DistrictlMunicipal areas in the region. The 

district shares boundaries with the Jirapa and Lambusia Kaani districts to the West, 

Sissala East District to the East, Daffiama-Bussie-Issah to South-West, Burkina Faso to 

the North and Wa East District to the South. It covers a land area of approximately 

4,112.89 square kilometres, which is about 22.3% of the total landmass of the Upper 

West Region (Sissala West District Assembly, 2010). The Sissala West District was 

established in 2004 by the Legislative Instrument, LI 1771 (Sissala West District 

Assembly, 2013). It was carved out of the then Sissala District. The district has its 

administrative capital as Gwollu. 
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Figure 3.1: Map of Sissala West District 
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3.2.2 Population Structure 

The 2010 PRe revealed that the district has a total population of 49,573, with 48.7 

percent as males and 51.3 percent as females. The proportion of population below 15 was 

45.2 percent while those who are 65 years and older represents 5.3 percent. On the other 

33 

www.udsspace.uds.edu.gh 

 

 

 

 



hand, the proportion of the labour force age (15 to 64 years) stood at 49.4 percent of the 

total population. 

The district has a sex ratio of 95.0 and a population density of 24.2 (thus approximately 

25 persons per square kilometre). Per the 2010 PHC, the district has a dependency ratio 

of 102.4 (Ghana Statistical Service, 2012). 

The demographic characteristics of a population analyses the size, composition, growth, 

distribution, density, and age-sex structure and any vital statistics related to the 

population. Population size, composition and age-sex structures are critical in 

understanding the components of population change (fertility, mortality and migration 

dynamics) of any geographic area. The age-sex structures are useful for population 

projections and socioeconomic development planning. The objective of this chapter is to 

analyse the size/distribution, composition and age-sex structure of the Sissala West 

District's population based on the 2010 Population and Housing Census. 

3.2.2.1 Population Size and Distribution 

According to Lebreton et al (1992), the most fundamental demographic parameter is the 

number of individuals within a population. This is because large populations experience 

their own problems. It means that as a population approaches the maximum sustainable 

size, known as carrying capacity, there is greater experience of competition for resources. 

The population of Sissala West District is arranged by age, sex and sex ratio. This 

revealed that Sissala West District has a total population of 49,573 made up of 48.7 

percent males and 51.3 percent females. Age group 5-9 years old has the highest 

population representing 16.2 percent, followed by 0-4 year age group (15.5%). This 
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implies that the number of births 10 years before the census in 2010 was more than the 

number of births five years preceding the census. The district accounted for 7.1 percent of 

the region's total population. The age groups 0-19 years have more males than females. 

On the contrary, from the age groups 30 years and older, the population of the females 

was higher than males. The implication is that at birth there are more males than females 

until they reach age group 20-24 years where both sexes contribute equal proportions 

(7.7%) to the population. The median age of the District's population is 16 years. The 

median age of females was 18 years and that of males was 15 years. This implies that 

females live longer than males. It also reveals a young population implying that policies 

that meet the needs and aspirations of the young people are required. 

The sex ratio which is the number of males per 100 females shows that there are more 

females than males for all age groups except age groups 0-19 years. The sex ratio for the 

district is 95 males per every 100 females which is almost same (94.5 males per every 

100 females) as that of the Upper West Region. Under normal circumstance, the 

population is supposed to decrease with an increasing age. But the fluctuations in the 

figures especially at the higher age groups (55-79) could be the result of inaccuracies in 

age reporting. Heaping occurred at the terminal digit Zero. This plausibly could be due to 

overstatement of ages ending in preferred digit-zero and the corresponding 

understatement of ages ending in the remaining digits. Thus, the heaping occurred on 

ages ending in Zero (age 60 and 70) resulting in the fluctuations at those age groups. 

National analytical report of the 2010 PHC indicates that males tend to report their ages 

better than females. The 2010 Census recorded an index of 185 at the national for rural 

resident which is an indication that age reporting in the rural area is highly inaccurate 
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(Ghana Statistical Service, 2012). This largely occurs among those aged 50 years and 

older. 

3.2.3 Climate of the Sissala West District 

The climate of the District is one that is common to the three Northern Regions of Ghana. 

There are two main distinct seasons in the District; the dry and the wet seasons. The wet 

season begins mostly around April/May and ends in October. Also, the dry season starts 

in the early part of November and ends in MarchI April. The area also has the cold and hot 

seasons. The cold season which is characterized by hazy harmattan weather begins in 

December and ends in late February or early March. This is immediately followed by the 

hot weather. However, probably due to changes in climatic conditions there are 

sometimes great variations in the occurrences of these seasons especially the cold (Sissala 

West District Assembly, 2010). 

Mostly; the district experiences short but heavy rains with its peak in August. The mean 

annual rainfall is about 1100mm and reaches its peak in August. Relative humidity is 

between 70 and 90 percent in the rainy season but is as low as 20 percent in the dry 

season. The long period of dry season requires the establishment of irrigation facilities to 

support agricultural activities (Sissala West District Assembly, 2010). The long dry 

seasons have also resulted in the rampant bush fires experienced in the area over the 

years. The implications of these fires have far reaching negative effects on agriculture, 

wild animal species and plants especially economic trees (Sissala West District 

Assembly, 2010). 
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The long dry season necessitates the development of dams and reservoirs to enhance 

farming activities in the Sissala West District. The development of dams and reservoirs 

are important because water is stored during the rainy season and used in the dry season 

for cultivation of crops which engages and provides other income sources for rural 

farmers in the dry season 

3.2.4 Relief and Drainage 

The district's land is basically low lying but quietly undulating at altitudes ranging 

between 150m and 600m above sea level. The main river that passes through the district 

is the Kulpawn and its tributaries (Sissala West District Assembly, 2010). The relatively 

low lying nature of the district coupled with a number of streams implies that dams can 

be constructed along these rivers especially the major ones to supplement the water 

requirement of farmers particularly during the dry season. The rivers also support inland 

fishing activities in the district. It therefore serves as an opportunity for creating jobs all 

year round to counteract the high seasonal unemployment in the district especially during 

the dry season (Sissala West District Assembly, 2010). 

The low lying nature of the District supports the construction and development of 

irrigation facilities since dams trap water hence serve as flood control in the Sissala West 

District. The relief also provides important knowledge on the water table position and 

scope of leakage of water from the dams and reservoirs, it also indicates the occurrence 

of solution cavities in the area. The relief and drainage also provides information on the 

stability of slope and the occurrence of landslides that may affects the construction and 

development of irrigation facilities in the District (Sissala West District Assembly, 2010). 
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3.2.5 Geology and Soils 

The geological and soil features of the Sissala West District show various types of rocks 

and soils that are fairly distributed across with high agricultural potentials. The types of 

rock that underlie the district include the birimian, granite and the basement complex. 

These rocks hold considerable amount of water, implying that boreholes and hand-dug 

wells can easily be sunk to make available portable water for drinking, domestic and 

industrial/commercial purposes (Sissala West District Assembly, 2010). 

There are various kinds of soils in the district that support plant growth. The major ones 

are the savannah ochrosols, the tropical brown earth and the terrace soils. The savannah 

ochrosols are generally poor in organic matter and nutrient. This is as a result of the 

absence of dense vegetation caused by bush burning, overgrazing and poor farming 

practices in the district. This means that good farm yield can be obtained with the 

application of chemical fertilizers and farm yard manure. The tropical brown earth is 

suitable for the cultivation of maize, beans, yam, millet and groundnuts. It also supports 

mechanized and plough farming. Thus supporting farmers with these methods of farming 

will help improve their production and productivity. The terrace soils occur along rivers 

and are suitable for grain crops and tobacco. However, with the emergence of river 

blindness, farmers are compelled to move from rivers. Though this may have 

sustainability advantage to the rivers, the immediate economic lives of the people remain 

at stake (Sissala West District Assembly, 2010). 

These rocks hold considerable amount of water, implying that dams and reservoirs are 

easily constructed to adequately store water and make water available for drinking, 
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domestic, industrial/commercial purposes and for irrigation farming in the District. The 

various soil types in the District also support the cultivation of crops and also retains 

water for sustainable irrigational activities. 

3.2.6 Natural Environment and Land Use 

Human activities, notably annual routine bush burning, inappropriate farming practices 

and indiscriminate felling of trees for fuel wood and charcoal as well as poor animal 

husbandry practices have led to loss of the vegetative cover in the district. These have 

resulted in loss of soil fertility and its adverse effects on crop cultivation. Again, the 

location of the district serves as an entry point to the Fulani herdsmen. Their activities 

have adversely affected the vegetation. Realising the effects the depleting vegetation and 

quest for protecting the natural environment is gradually gaining grounds in the district 

by planting economic trees under the GSOP activities (Sissala West District Assembly, 

2010). 

The land use in this District is mainly for crop production, especially the faraway lands, 

whilst the lands near settlements are reserved for pasture for livestock. The district has 

the largest natural game reserve in the country as well as other patches of forest reserves. 

However, of late infrastructural development such as the construction of educational 

facilities and residential accommodation has started to compete for lands reserved for 

animals pasture in the district (Sissala West District Assembly, 2010). 
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The agricultural sector of the Sissala West District is primarily characterized by crop 

farming and livestock production. In spite of various efforts to boost the sector, 

production still remains at subsistence level in the district. The 2010 Population and 

Housing Census (PHC) revealed that agriculture sector employs 82.3 percent of the 

district's work force (Ghana Statistical Service, 2012). Farmers mainly depend on rain 

fed (single maximum rainfall that occurs mostly between April and October every year) 

agriculture. They rely on the use of traditional methods of farming using simple tools 

such as hoe and cutlass for cultivation. However, few farmers use tractor services and 

animals' traction. 

3.2.6.1 Agriculture 

The major food crops grown are maize, groundnuts, beans (white), millet, sorghum 

(Guinea Corn), cowpea, yam and sweet potato. Cash crops such as cotton, cashew, shea 

nut and dawadawa are also found in the district though the latter two grow in the wild. 

With the exception of cotton, the other cash crops received little attention due to market 

uncertainties. It is worth noting that though economic trees such as the shea contribute 

substantially to household income in the district, this tree species is threatened by the 

activities of charcoal burners and poor farming practices (Sissala West District Assembly, 

2010). 

3.3 Research Methodology 

The choice of a research methodology, according to Nyantakyi (2007), is guided by the 

research questions and objectives, the focus of the study, the purpose of the study, the 

extent of existing knowledge, the amount oftime and other resources available as well as 
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the researcher's own philosophical underpinning. Burns and Grove (2003:488) however 

view methodology to include "the design, setting, sampling, methodological limitations, 

and data collection and analysis technique in the study". Selecting the appropriate 

methodology for any research study is very critical; it helps to evaluate the data sources 

and the data itself through the application of suitable methods. 

3.3.1 Sources of Data 

Both primary and secondary information were collected or sourced from farmers in small 

scale irrigation dam communities and institutions respectively. 

3.3.1.1 Primary sources 

Primary sources of data are the various sources through which the study gathered first 

hand information from farmers undertaking small scale irrigation farming activities at the 

Sissala West District. Primary data in this regard refers to data that is being collected 

from the field. Research tools and techniques such as questionnaires, focus group 

discussions, key informant interviews and observations are used to gather primary data 

from the study areas Dawson (2002). 

Questionnaires were utilized as a framework of questions designed and administered to 

respondents. These questionnaires were developed based on certain indicators that help 

assess how climate variability affects small scale irrigation farmers in the Sissala West 

District. It contained both closed and open-ended questions. The questionnaires captured 

the demographic characteristics of the respondents, the effects of climate variability on 

small scale irrigation, the non-climatic challenges of the development of small scale 
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irrigation dams and the strategies used by farmers to enhance sustainable small scale 

irrigation activities in the Sissala West District. 

Focus group Discussions which Twumasi (2003) describes as a method of data collection 

and information gathering in which a group of 6 to 10 people who are knowledgeable 

about climate variability and its effects on the development of small scale irrigation dams 

are brought together and engaged in a guided discussion were also utilized. The focus 

group discussions has a moderator or a facilitator (researcher) who leads and guides the 

tempo and pace of the discussion. As a relevant tool, it was employed by this study and 

researcher serves as a moderator or facilitator with two assistances. 

3.3.1.2 Secondary Data 

Secondary data refers to published data which is always readilyavailable, some of the 

sources are archives, technical publications (manuals, handbooks, data sheets, census 

reports, Demographic Health Surveys), internet sources, computer based data, 

government departmental reports etc. Scholarly articles are also made use of and thesis of 

related subject areas. 

This survey also involved collection of relevant information on climate variables from 

Ghana Meteorological Agency (GMet), total number of dams and dugouts, sizes, years of 

construction from Ghana Irrigation Development Authority (GIDA), irrigation support 

initiatives and agricultural outcomes of the district from District Agriculture development 

Unit (DADU). Government publications from both the Ministry of Environment and 

Natural Resource (MENR) and that of Ministry of Food and Agriculture (MOF A) also 
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3.3.3 Sampling Process 

According to the 2010 Population and Housing Census Report, the population of 

inhabitants of the Sissala West District at ages 18 and above is 23,704 (Ghana Statistical 

Service, 2012). The agriculture sector employs about 90% of the labour force (Sissala 
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served as a major source of data. Non-governmental organizations contributions' in the 

sector was equally relevant to the success of this study. 

" 3.3.2 Research Design 

The study also adopted both explanatory and descriptive methods in achieving the 

research objectives. Description technique focused on ethnography in order to collect 

qualitative data. This provided context-dependent (practical) knowledge as opposed to 

context-independent (theoretical) knowledge (Yin, 2003). It also provided insight at all 

stages with rich raw materials for advancing theoretical ideas. Though case studies are 

limited in terms of generalization (George and Bennett, 2004), they contextualize the 

issues more concretely (Flyvbierg, 2006) thereby providing basis to critique and test 

existing theories. 

A multiple cross-sectional case study approach was adopted. The criteria used for 

selecting case study areas included: currently operational, availability of basic 

information, accessibility and language. The advantage of adopting a multi-case study 

approach is the ability to undertake a rich comparative analysis. Subsequently, within 

each case, quasi-experimental design was used to estimate the casual effects of 

intervention (small dam or dugout irrigation) against control groups. Quasi-experiments 

give the researcher the chance to select a choice of criteria other than random 

assignments (Dinardo, 2008). 
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West District Assembly, 2006). The estimated population in small scale irrigation 

farming in the six study communities is 433 people of 18 years and above. 

The sample size was obtained via the formula n=N/ [1 +Ne2] where "N" is the Sample 

frame and "e" sampling error. Thus, with N=433 small scale irrigation farmers, at 5 % 

significance level which corresponds to 95 % confidence level; and e=0.05, then n= 433/ 

{I + 433 (0.05?} which is 208. The estimated sample size is 208. A proportionally 

representative sample was chosen for six selected communities based on the small scale 

irrigation farmer population of each community. 

3.3.4 Sample Size Distribution 

The sample size of each of the six (6) study areas was determined using the proportional 

method of sample size distribution as follows (Table 3.1); 

Pulma = 124+433x208;:::: 60 

Nimoro = 103-;-433x208;:::: 49 

Bouti = 48+ 433x208;:::: 23 

Jawia = 76+433x208;:::: 36 

Nyimeti = 45+433x208;:::: 22 

Kupulima = 37+ 433x208;:::: 18 
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Table 3.1: Sample Size Distribution 

Number of Irrigation Farmers Sample Size Name of Community 

Pulma 

Nimoro 

Bouti 

Jawia 

Nyimeti 

Kupulima 

124 

103 

48 

76 

45 

37 

60 

49 

23 

36 

22 

18 

Total 433 208 

Source: Field Survey, October, 2015. 

3.3.5 Sampling Techniques and Sample Size Determination 

Both probability and non-probability sampling techniques were employed throughout the 

study. Probability sampling technique such as simple random sampling was used to select 

small scale irrigation farmers who were interviewed. This was possible with the small 

scale irrigation farmers in small dams and dug-out communities of the Sissala West 

District, because each farmer has a designated plot(s). Also each subject was equally 

selected independently of the other members of the population. Thus each plot was 

assigned a unique number. These numbers were placed in a box and mixed thoroughly. 

The researcher(s) then picked the numbered tags from the box until the sample size of 

small scale irrigation farmers required were obtained. The farmers whose plots were 

picked by the researcher constitute the subjects for the study. 
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The study also employed purposive sampling technique under the non-probability 

techniques. This was employed to have direct contact with the Regional Director of 

GIDA and the District Director of MOF A and other stakeholders such as Plan Ghana. It 

also helped to contact respondents with relevant in-depth knowledge and experience on 

the study topic. 

3.3.6 Methods of Data Collection 

Primary data was collected from small scale irrigation farmers through field survey. Data 

was collected by administering questionnaires. The questionnaire consisted of both 

structured and unstructured questions. Interviews, discussions and personal observations 

were also employed in order to obtain accurate data for analysis and presentation. This 

helped address questions of enabling factors for farmers' activities and their personal 

experience or sentiments about the effect of climate variability on small scale irrigation 

dams and activities. The communities with small scale irrigation dams were also 

observed closely as well as the activities of small scale irrigation farmers in order to 

validate the findings. Observation was of help in effective cross checking information 

gathered. 

Five Focus Group Discussions (FGD) were conducted in five out of the six small scale 

irrigation dam communities, as a tool of data collection was used to enrich the assembly 

of data on irrigation farmers' perception and experiences of their past and current 

circumstances. Such special group discussions specifically were held with small scale 

irrigation farmers. One focus group discussion was held in Pulma, Bouti, Nimoro, Jawia 

and Kupulima communities with the researcher facilitating each discussion. These five 

focus groups were made up of male and female of small scale irrigation farmer groups. In 
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all the five discussions men dominated and the reason for the less involvement of women 

was because most of them had given out their plots to their male children to manage. On 

the discussion, the questions covered small scale irrigation farmers' knowledge and 

experience of climate variability, effects of climate variability on irrigation farmers, the 

developmental challenges of small scale irrigation facilities and the strategies use by 

farmers to enhance sustainable irrigation activities. However, the group discussions 

involved a maximum of 6 t010 irrigation farmers. The participants composed of mostly 

middle age men and some few others in their early eighteens. One of the challenges 

encounter on the facilitation was initially how to moderate the questioning. However, the 

focus group discussions were used to validate and fill in gaps created during the 

administering of questionnaires. 

3.3.7 Data Analysis 

Data collected was both qualitative and quantitative. Data analysis of the questionnaire 

used in the study aimed at reducing masses of quantitative data to meaningful 

information. Data on the demographic characteristics of respondents, the effects of 

climate variability, the non-climatic challenges of the development of small scale 

irrigation dams and the strategies used by farmers to enhance sustainable small scale 

irrigation activities were coded and a data matrix created using the Statistical Package for 

Social Scientist (SPSS) version 20. The variables were categorized and measured in 

accordance to the objectives of the study. Descriptive statistics were employed to analyze 

quantitative data mainly using bivariate analysis in the form of cross tabulations. The 

emphasis here is to measure relationships among variables contained in the study so as to 

establish their degree of dependence and interdependence. 
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Qualitative data were organized according to the emerging themes on demographic 

characteristics of respondents, the effects of climate variability, the non-climatic 

challenges of the development of small scale irrigation dams and the strategies used by 

farmers in the Sissala West District to enhance small scale irrigation activities. Variable 

attributes were described and normative aspects of communities were explained in 

accordance to the emerging themes from the data gathered. The qualitative data were 

analysed through content analysis while the quantitative were anlysed and presented in 

the form of frequency distributions and diagrams; mainly graphs and tables. 
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CHAPTER FOUR 

FINDINGS AND DISCUSSIONS 

4.1 Introduction 

This chapter presents the research findings based on the field survey and document 

reviews with detailed analysis and discussions. In general, this chapter is divided into 

four parts. The first part assesses the demographic characteristics of respondents to 

understand the relationships between their personal characteristics and small scale 

irrigation. The second part provides an assessment of effects of climate variability on 

small scale irrigation in the Sissala West District, whereas the third section explores the 

non-climatic challenges of the development of small irrigation dams in the District. The 

final section considers the strategies employed by farmers to enhance sustainable small 

scale irrigation activities in the study area. 

4.2 Demographic Characteristics of Respondents 

The socio-demographic characteristics of respondents indicate data on sex, age, 

educational background and household size. The aim is to determine how these 

characteristics influence small scale irrigation activities in the Sissala West District. 

Table 4.1 shows a presentation of the demographic characteristics of respondents in the 

selected communities of the Sissala West District. 
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Table 4.1: Demographic Characteristics of Respondents 

-_ Characteristic Group Percentage 

18-28 20.1% 

29-39 40.4% 

Age 40-50 27.4% 

51+ 11.5% 

Male 63% 

Sex Female 37% 

Single 14% 

Marital Status Married 86% 

Divorced - 

Widowed - 

No Formal Education 63% 

Level of Education Basic/ Junior High School 22% 

Middle/ Senior High School 11% 

Tertiary 4% 

1-5 23.1% 

Household Size 6-10 36.5% 

11-15 23.1% 

16+ 17.3% 

50 

Source: Field Survey, February, 2016 
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As presented in Table 4.1, about 63% of the respondents are male irrigation farmers 

while the remaining 37% are female irrigation farmers of varying age ranges. Male 

farmers dominate in the Sissala West District because farm lands are traditionally vested 

in the hands of males whereas most females only play an assistance role to their husbands 

on the farms. The ages of respondents range between 18 years to about 60 years. About 

40% of the respondents fall within the age group of 29-39 years whereas 27% are 

between the ages of 40-50. About 21 % of the respondents fall within the ages of 18-28, 

and the remaining 12% fall within the age ranges above 50 years. Also, from the ages 18 

to 50 years indicates the active labour group and they are the majority when combined. 

This certainly has implication for employment, household income and migration. Small 

Scale Irrigation serves to retain the youth in dams communities during the dry seasons. 

From Table 4.1, majority representing 63% of the respondents indicated that they have no 

formal education whereas 22% of the respondents indicated that the highest level of 

education attained is that of either basic or Junior High School eJHS) level. About 11 % of 

respondents attained middle or High School level whilst the remaining 4% attained 

tertiary level of education of which college and undergraduate levels where dominant 

among the few respondents who attained this level yet practice irrigation farming. 

51 

Out of the 208 respondents of the study, 86% are married whereas the remaining 14% are 

single with household sizes ranging from 1 to over 16 people. Also, 23% of respondents 

indicated that they have household sizes of between 1-5 people, where as 37% have 

household sizes of6-10 persons and the remaining 23% and 17% of the respondents have 

household sizes of between 11-15 and over 16 persons respectively. 
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4.3 Causes of Climate Variability in the Sissala West District 

In the Sissala West District, several internally human induced factors cause climate 

variability. Some of these human induced causes include but not limited to: 

indiscriminate cutting of trees mostly for fire wood and charcoal, rampant bush burning 

mostly to clear lands for farming activities, construction etc. or for hunting game, non 

replacement of the numerous trees cut down for domestic purposes, and the clearing of 

vegetation for farming purposes. This attitude of farmers is attributed to their low level of 

education as indicated in Table 4.1, 63% of irrigation farmers had no formal education. 

Table 4.2 shows the various responses by respondents on the causes of climate variability 

in the Sissala West District. 

Table 4.2: Causes of Climate Variability in the Sissala West District 

Causes Frequency 

Clearing of vegetation for farming 39 

Indiscriminate cutting of trees for fire wood and charcoal 198 

Rampant Bush Burning 108 

No Replacement of cut trees 23 

Total 368 

Source: Field Survey, February, 2016 

As indicated in Table 4.2, respondents indicated that climate variability is mostly caused 

by human induced factors in the Sissala West District. 198 of the respondents claim that 
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indiscriminate cutting down of trees for fire wood and charcoal for domestic purposes or 

for sale is a major cause of climate variability in the District whereas about 108 of the 

respondents argue that rampant and uncontrolled bush burning is the leading cause of 

climate variability in the District. Residents of the Sissala West District practice 

uncontrolled bush burning to either clear their farm lands before ploughing and planting 

takes or to aid hunting of game. About 39% of the respondents are of the view that 

clearing of vegetation for construction and/or farming purposes is one of the major causes 

of climate variability in the District whereas the remaining 23% insisted that it is not only 

about cutting down of trees but the non-replacement of cut down trees causes climate 

variability in the Sissala West District. 

The study therefore confirms UNEP (2008) conclusions that Africa is losing more than 

four million hectares (9.9 million acres) of forest lands every year due to excessive 

clearing of vegetation for the establishment of farm lands. The cutting down of trees and 

clearing of land for agriculture and livestock releases larger amounts of carbon dioxide 

and harmful greenhouse gases into the atmosphere. The study also supports the findings 

of WWF (2013), FAO (2004) that rampant bush burning through human activities, 

contributes to increasing average temperatures across the world. 
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4.4 Effects of Climate Variability in the Sissala West District 

In the Sissala West District, climate variability is widely realized to have effects on small 

scale irrigation farming and weather conditions. The effects of climate variability are 

diverseand affect both weather conditions and the development of small scale irrigation 

dams in the Sissala West District. 
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z, 4.4.1 Farmers' Experiences on the Effects of Climate Variability on Weather 

conditions 

Table 4.3 shows the various effects of climate variability on small scale irrigation 

farming in the Sissala West District. 

Table 4.3: Effects of Climate Variability on Weather Conditions in the Sissala West 

District 

Effects on Weather No. Of multiple Responses 

Late onset of rains 

Short duration of rains 

158 

157 

Hot Temperature conditions 

Cloudy weather 

161 

158 

Cold weather 138 

Total 772 

Source: Field Survey, January, 2016 

As indicated in Table 4.3, the study reveals various effects of climate variability on small 

scale irrigation farming in the Sissala West District. Majority of the respondents 

constituting 161 people argued that hot temperatures are the leading effects of climate 

variability in the District whereas 158 and 157 of the respondents viewed late onset of 

rains and shorter duration of rains respectively as the leading effects of climate 

variability, the remaining 158 and 138 also claimed that cloudy weather conditions and 

54 

www.udsspace.uds.edu.gh 

 

 

 

 



• cold weather conditions are the respective most sighted effects of climate variability in 

the Sissala West District. 

Climate variability does not only affect water resources but also the demand for water 

and other weather conditions. Further water and food security will depend among other 

factors on the impacts of climate variability on other weather conditions and the demand 

of water for irrigation. The Sissala West District is mostly dry and warm from September 

to April hence decreased water availability usually exacerbates an increase in water 

demand, dusty and poor weather conditions. 

The study adds up to findings of IPPC (2001) that poor harvests are a result of the afore 

mentioned weather extremes as well as increase in pests and diseases. Bird and Shepherd 

(2003) findings have been confirmed since environmental degradation is a cause of 

climate variability which results in reduced arable land, low soil fertility, less 

precipitation, high temperatures and negative impacts on labour available to work. 

4.4.2 Effects of Climate Variability on Small scale irrigation Dams 

Small scale irrigation farming is one of the main sources of livelihood for the people of 

the Sissala West District. Figure 4.1 shows the views of respondents on the effects of 

climate variability on small scale irrigation dams in the Sissala West District. 
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Figure 4.1: Effects of Climate Variability on Small Scale Irrigation Dams 

• Low water levels of 
dams 

• High temperature 
levels 

• Rainfall variability 

Source: Field Survey, January 2016 

Figure 4.1 shows the effects of climate variability on small scale irrigation dams in the 

i 
Sissala West District. Respondents in this regard mentioned three major effects of climate 

variability on small scale irrigation in the District. These include: low water levels of 

dams, high temperature levels and fluctuation in rainfall patterns (rainfall variability). 

Majority of the respondents constituting about 73% revealed that the major effect of 

climate variability is low levels of water in their irrigation dams. In the past decades 

water levels of irrigation dams were high hence encouraging irrigation farming in the dry 

seasons. But in recent times, due to increasing changes in climate related factors, water 

levels of reservoir reduces drastically during the dry seasons. This as a result of short 

rainy periods, high temperatures and high sun shine that causes excessive evaporation of 

water in the irrigation dams. About 19% of respondents argued that climate variability 

manifests in high temperature levels in the Sissala West District. Temperatures usually 

rise above the normal levels to between 37°-42° Celsius causing excessive heating of the 
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earth's surface and water bodies (irrigation dams) in the District. The remaining 8% 

claim that the variability in rainfall patterns is the leading effect of climate variability in 

the Sissala West District since shorter and torrential rainfall patterns leads to low levels 

of water supply to irrigation dams and reservoirs. 

4.4.3 Effects of Low Water Levels of Dams on irrigation activities in the Sissala 

West District 

Low water levels of reservoirs are as a result of rainfall variability (late and shorter 

rainfall patterns), hugely affects small scale irrigation activities. Table 4.5 shows the 

effects of low water levels of dams in the Sissala West District. 

Table 4.4: Effects of Low Water Levels of Dams on irrigation activities in the Sissala 

West District 

Effects Frequencies 

Inadequate water for watering plants 208 

Dry farm lands due to no water to water it 47 

Death of plants due to inadequate water 

Lack of Water in wells 

25 

37 

Total 317 

Source: Field survey, January 2016 

From Table 4.5, respondents revealed several factors that affect small scale irrigation 

farming activities as a result of low water levels of reservoirs in the Sissala West District. 
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The effects mentioned by respondents include inadequate water to water crops, dry farm 

lands, death of plants, and lack of water in wells. About 208 respondents constituting all 

who responded to study asserted that the major effect of low water levels of dams is 

manifested by inadequate water in the Sissala West District. Reservoirs and other water 

bodies often dry up because of intermittent rainfall patterns and dry seasons in the Sissala 

West District. 

About 47 respondents argued that dry farm lands is the major effect of low water levels 

of dams in the Sissala West District. The land easily gets dried up because of inadequate 

water or soil moisture hence the lands of the District gets compacted and hard leading to 

difficulty in cultivation of vegetables and crops. A total of 25 respondents also claim that 

the effect of low water levels in dams leads to wilting and sometimes death of vegetables 

and plants in the Sissala West District since vegetables and plants depends heavily on 

water whereas the remaining 37 respondents assert that the effects of low water levels 

manifest in inadequate water in the constructed wells for small scale irrigation activities 

in the Sissala West District. The small scale irrigation farmers of the Sissala West District 

cultivate once a season instead of twice a season because oflow water levels of reservoirs 

as a result of unpredictable and intermittent rainfall patterns couple with high temperature 

in the District. 

4.4.4 Effects of Rainfall on irrigation farming in the Sissala West District 

All vegetables and crops need water to grow and produce yields. The most important 

source of water for crop growth is rainfall. When rainfall is insufficient, water for 

irrigation activities may be affected hence the supply of water is not guaranteed which 

will certainly lead to poor yields. The main problems of both open farming and irrigation 
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farming is insufficient rainfall in the District. Too little water during the growing season 

causes the plants to wilt. Long periods during which the water supply is insufficient, 

results in loss of yields or even crop failure. In addition, the irrigation requirement needs 

to be determined for proper design of the irrigation system and for establishment of the 

irrigation schedules. Figure 4.2 and 4.3 shows the patterns of rainfall from the year 2000 

to 2014 and the duration of rainfall respectively. 

Figure 4.2: RainfaU Patterns and Temperature Variations in the Sissala West 

District 
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Figure 4.2 show a line graph of the pattern of rainfall in the Sissala West District from the 

year 2000 to 2014. Rainfall patterns started declining at a decreasing rate until 2002 but 
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increased in 2003 and begun decreasing at an increasing rate till 2007 after which it 

started reducing at a decreasing rate until 2012 where there is a slight increment after 

which patterns of rainfall began decreasing at an increasing rate up to the year 2014, as it 

being clearly shown by the trend line (linear rainfall). 

Figure 4.3: Duration of Rainfall in the Sissala West District 
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Source: Field survey, February 2016. 

As indicated in Figure 4.3, rainfall in the Sissala West District generally starts from April 

to September each year. About 32% of the respondents asserted that the yearly rainfall in 

the Sissala West District usually starts from May to September whereas 29% indicated 

that the rains usually start in April and ends in August. About 19% respondents maintain 

the rains usually start in May and ends in August, 7% respondents assert that the rain 

starts from April and ends in September whereas the remaining 7% and 6% respondents 

said that the rainy season starts from June to September and March to July respectively. 
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Rainfall variation in the Sissala West District implies that the amount of water supplied to 

crops is critical; too much water reduces yield and wastes water, whereas too little 

reduces yield which confirms the findings of Hanson et aI., (2007). Irrigation crops are 

vulnerable to climate variation, since the main climate parameters influencing the 

availability of water and its application depend on precipitation, air temperature, and 

solar radiation (sunlight). 

Substantial rainfall patterns of the Sissala West District also increases crop yields because 

rainfall around these areas is not excessive, and is appropriately timed with adequate air 

temperatures and sufficient solar radiation as postulated by Zenter et aI., (2001). The 

response of crop to climate is determined by the crop water deficit. 

Although irrigation has the potential to mitigate the adverse effects of global warming on 

crop production. The increasing water scarcity and competition from other sectors have 

put agricultural and small scale irrigation water use under great pressure affirming the 

findings of Liu et aI., (2007), making irrigation a challenging practice for crop producers 

globally. The analysis of data show that the annual rainfall pattern of the Sissala West 

District have over time depicted above normal rainfall patterns across all years from 2000 

to 2014. 

4.4.5 Effects of High Temperature Levels on Reservoirs 

As a result of climate variability, the Sissala West District records low rainfall figures 

with very high temperature rates which poses dangerous effects on water bodies since 

these reservoirs have inadequate water and often dry up in the Sissala West District. 

Table 4.6 indicates small scale irrigation farmers' experience of temperature levels for 
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the past 5 - 10 year period in the S issala West District. 

Table 4.5: Irrigation Farmers experience of Temperature Levels for the past 10 

years 

Changes in Temperature Frequency Percentage 

Rising 

Reducing 

Both 

88 

18 

102 

42 

9 

49 

Total 208 100 

Source: Field Survey, January 2016 

As shown Table 4.6, small scale irrigation farmers experience and understanding of 

temperature levels at the Sissala West District for the past 10 years. It was revealed by 

respondents that temperatures often rise very high confirming the claim, about 42% of 

respondents agreed that temperatures are usually very high whereas 9% of the 

respondents argue that temperature usually reduces whilst the remaining 49% constituting 

majority of the respondents assert that temperature rates in the Sissala West District 

usually fluctuates. Temperatures usually reduce during the rainy season (May-October) 

and rise again during the long dry seasons from November to April. Figure 4.4 indicates 

the variations in temperature in the Sissala West District from the year 2000 to 2014. 
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As growing seasons experience higher temperatures with minimal daily fluctuations, 

there is usually moderate humidity during the reproductive stages but with occasional 

scanty rainfall during the early plant growing period. These climatic conditions are very 

condusive to higher vegetative growth of the crops, but temperature patterns of the 
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Sissala West District which ranges from a minimum temperature of 30°C to a maximum 

temperature of about 39° is largely due to high temperatures in the northern part of Ghana 

hence leading to evaporation of reservoirs (Ghana Metrological Agency, 2015) . 

The temperature variation as presented in Figure 4.2 reveals the variations of temperature 

in the District from the years 2000 to 2014. Temperatures fell at a decreasing rate until 

2001 where temperatures continued falling until the year 2004. Temperatures increased 

slightly until 2005, after which it decreased drastically in 2006 and again increased 

significantly in 2007 and begun decreasing at a decreasing rate to 2009. The years 2009 

and 2010 experienced an increase in temperature rates, whereas temperatures fell at a 

decreasing rate up to 2012, it again increase in 2013 and fell drastically in 2014. 

The analysis of the temperature variation shows maximum temperature of the Sissala 

West District with high temperature levels over time across all years from 2000 to 2014. 

This finding was established by Hulme (2000) and Nichlson et aI., (1999) that there exist 

high temperatures in semi-arid regions. The study confirms Hansen and Indeje (2004) 

postulation that high temperatures are caused by low and irregular rainfall patterns which 

has implications for crop production and irrigation activities. 

4.4.6 Effects of Temperature on Crops and Vegetables 

Vegetables require moderate temperatures to thrive well. Vegetables in the Sissala west 

District as a result of a reduction in water levels either wilt or die. Table 4.7 shows the 

effects of high temperatures on irrigated vegetables in the Sissala West District. 
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Table 4.6: Effects of Temperature on Crops and Vegetables 

Effects on vegetables Frequency 

Wilt 166 

Die 153 

Low growth 45 

Reduce Water Levels 

Require a lot of watering 

60 

29 

Total 453 

Source: Field survey, January 2016. 

As shown in Table 4.6, reveals the effects of temperature on irrigated vegetables in the 

Sissala West District. 166 of the respondents said that due to high temperature rates in the 

District, their irrigated crops wilt whereas 153 of the respondents stated that their 

vegetables and crops wilt and die as a result of high temperatures, 60 said that there is a 

reduction of water levels in their reservoirs which impedes the regular supply of water to 

their irrigation farms to keep the lands wet and moist for proper crop growth. 45 lamented 

that they experience low and poor growth of crops cultivated in the District whereas the 

remaining 29 of the respondents assert that because of high temperature rates, the farm 

lands often dry up hence crops and vegetables usually wilt and sometimes die. This 

frequent watering required by plants is usually challenging since the water will have to be 

carried from longer distances through local canals to the irrigated sites. A key informant 
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stated that, 

"The major effect of warmer temperatures during the reproductive stages of 

the development of vegetables and other crops is that they wither. Since the 

rate of plant growth is dependent on the temperature surrounding the plan 

and each specie has a specific temperature range represented by a minimum, 

maximum and optimum to which it can thrive, plants due to excessive 

temperature rates usually require a lot of water to cope with the high 

temperatures else it results in low growth of vegetables and crops, wither" 

(Field Officer, MOFA, Sissala West District, February, 2016). 

Also, dry-season vegetable production is severely constrained by pests and diseases, 

which cause significant yield loss or force farmers to purchase expensive crop-protecting 

chemicals. In particular, problems with nematodes impede profitable production of crops. 

Birds and fowls also destroy crops, as irrigated crops are the main food items available 

during dry season. 

The findings by the survey therefore builds on the works of Mushtaq et aI., (2013), 

Playan and Mateos (2006) and Saleth et aI., (2011) that high temperatures usually as a 

result of excessive sunshine cause plants to wither, or experience low growth with poor 

yields. 
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4.5 The Effects of Non-irrigation Farmers Activities on Small Scale Irrigation 

Facilities in the District. 

Small scale irrigation dams and dug-outs are constructed in order to store water for future 

domestic and other irrigation uses. These water storage facilities are mostly relied on 
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during the dry seasons where water is scarce for household needs and watering of crops. 

Irrigation dams and dug-outs serve as the major source of water for irrigation farming 

which serves as the dominant livelihood system of small scale irrigation farmers in the 

Sissala West District especially in the dry season. Table 4.7 presents the effects activities 

of non-irrigation farmers on irrigation facilities in the District. 

Table 4.7: Activities of Non-irrigation Farmers on Irrigation facilities in the District 

Activities of non-irrigation farmers Frequency 

Destruction from animals 169 

Bush burning 70 

Destruction from children 37 

Farming around reservoirs 60 

Total 336 

Source: Field Survey, January 2016. 

As shown in Table 4.8, reveals the various activities of non-irrigation farmers that affect 

the sustainable use of the dams and reservoirs for domestic purposes and irrigation 

activities in the Sissala West District. It however, reveals that a total of about 169 

respondents claim that destructions from animals causes the choking of dams whereas 

about 70 respondents argue that excessive bush burning destroy the irrigation sites in the 

District. The 60 and 37 respondents assert that farming around dams and destructions by 

children are the respective activities of non-irrigation farmers that cause siltation and 
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choking of dams in the District. The chairman of small-scale irrigation farmer group 

Jawia had this to say: 

some community members who are not irrigation farmers 

farm and burn bushes around the reservoir. But these non 

irrigated farmers always argue that, they started farming on 

these lands before the construction of the irrigation site" (Jawia 

Irrigation Chairman, February 2016). 

The study also contradicts the findings of Sun et al., (2013) that argue that only siltation 

results from increasing farming around dams and reservoirs. The study therefore adds 

that human factors such as indiscriminate bush burning around reservoirs, destructions 

from animals and excessive demand of water from reservoirs mostly for domestic 

purposes also cause siltation of dams and reservoirs which often leads to inadequate 

water supply or the drying up of the reservoirs. 

The activities of some community members especially those who farm around irrigation 

facilities, also affects irrigation activities. Thus, activities of non-irrigation farmers that 

affect reservoirs include excessive bush burning around reservoirs, destruction of fence of 

gardens by animals and children, excessive demand of water for domestic use, and 

farming around dams, in addition to cattle drinking directly from reservoirs causes the 

choking of dams hence a long term drying up of these reservoirs. Figure 4.7 represents 

the activities of non-irrigation farmers that affect the sustainable use of dams in the 

Sissala West District. This attitude of farmers in dam communities has been attributed to 

their low level of education as indicated in Table 4.1. 
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4.6 Effects of Climate Variability on Small Scale Irrigation Farmers in the District 

The low water levels of reservoirs as a result of rainfall variability and high temperatures 

in the District, is found to be affecting small scale irrigation farmers in the study area. 

Table 4.8 shows the effects of climate variability on small scale irrigation farmers in the 

Sissala West District. 

Table 4.8: Effects of Climate Variability on Small Scale Irrigation Farmers in the 

Sissala West District 

Effects on Irrigation Farmers Frequency 

Loss of investment 182 

Low yields 197 

Low income earned 201 

Total 580 

Source: Field Survey, January 2016 

From Table 4.8, respondents revealed several factors that affect them with regards to low 

water levels of reservoirs as result of rainfall variation and high temperatures in the 

Sissala West District. The effects mentioned by respondents include low irrigation farm 

yields, loss of investment and low income earned at the end of the season. About 197 

respondents, who responded to the study asserted that the major effect of low water levels 

of reservoirs is manifested in low irrigation farm yields in the Sissala West District. 

Usually the inadequate water in the reservoirs results in shortage of water to water crops 

and vegetables at the irrigation site. 
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Also, 182 respondents agreed that loss of investment is one of the major effects of low 

water levels of reservoirs as a result of variation in weather patterns in the Sissala West 

District. Farmers invest so much resources into small scale irrigation farming activities, 

but at the end of the irrigation season, they cannot even break even or realize what they 

have in vested. 201 respondents also claim that the effect of low water levels in reservoirs 

leads to low income earned by small scale irrigation farmers as a result of low irrigation 

farm yields in the Sissala West District. Also, irrigation farmers in the district have large 

family sizes to take care of as indicated in Table 4.1, about 83% have household size of 5 

to 15 people and people are children and women. The conceptual framework in Figure 

2.1 indicates how different environmental factors together with risk factors influence 

agriculture in diverse ways. Climate variability influences the bio-physical (agriculture), 

thus impacting resources and assets including social capital. The resource management 

strategies and decision making potential of farmers is also being affected. This also 

affects the vulnerable household especially women and children. Irrigation is therefore 

needed to be properly adopted as a coping strategy to improve agriculture so as to 

achieve food security. 

4.7 Non-climatic Challenges of the Development of Small Scale Irrigation Dams 

Low water levels of small dams and dug-outs are attributed to poor and erratic rainfall 

patterns in the Sissala West District of the Upper West Region of which climate 

variability is largely to blame. Table 4.9 shows a tabular presentation of the non-climatic 

challenges of the development of small scale irrigation dams in the Sissala West District. 
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Table 4.9: Non-climatic Challenges of the Development of Small Scale Irrigation 

Dams in the Sissala West District. 

Non-climatic Challenges Number of Respondents 

Poor management 97 

Poor Construction works 206 

Non-rehabilitation of dams 208 

Poor Spill ways 49 

Siltation of Dams 26 

Total 586 

Source: Field Survey, February 2016 

As shown in Table 4.9, reveals the non-climate challenges of the development and 

effective operation of small scale irrigation facilities in the Sissala West District. 

Respondents acknowledged that institutional failures as a result of poor management of 

irrigation schemes, poor construction of dams, non-rehabilitation of dams, poorly 

constructed spill ways and siltation of dams are the major non-climatic challenges 

affecting the development and efficient operation of small scale irrigation dams in the 

District. 
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All the respondents representing 208 people agreed that non-rehabilitation of dams in the 

Sissala West District is the major challenge to the development and sustainable operation 

of irrigation facilities. Also, 206 respondents argued that poor construction of dams has 
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rendered many of these facilities easily broken down and some non-functional. About 97 

respondents also claimed institutional failure as a major challenge for the sustainable 

operation of irrigation facilities in the Sissala West District. Also, 49 and 26 of 

respondents assert that poor spill ways and siltation of dams respectively are the basic 

challenges to the development and sustainable operation of irrigation facilities in the 

Sissala West District respectively. 

During a Focus Group Discussion (FGD) with irrigation farmers at Nimoro, a dam 

Community in the Sissala West Disctict, a farmer stated: 

"Sometimes the little water stored in the reservoirs is lost through the 

spill ways, because the spill way is too low to prevent the reservoir 

water from flowing away leaving the reservoir empty. This always 

affects our irrigation activities because we do not have enough water in 

the reservoir to water our plants and vegetables" (FGD with Irrigation 

farmers, Nimoro February, 2016). 

As a result of poorly constructed spillways, the rain water received during rainy season 

into the reservoirs are being wasted through the poorly constructed spill ways and this 

usually affects the water level of the reservoirs. When this happens the reservoirs will not 

be able to support the gravity system which intend impede dry season cultivation. This 

also defeats the purpose of constructing small scale dams and dug-outs because the 

subsistent farmers are unable to fund mechanize agriculture (using the pump system) 

because of the prevailing poverty levels in the Sissala West District. This assertion was 

also confirmed by one key informant that: 
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"Some of the contractors who were awarded small scale dams to 

construct failed to complete them in time and others very poorly 

constructed" (Sissala 

November,2015). 

West District Director, MOFA, 

In addition, the poor management and non-rehabilitation of small scale irrigation schemes 

also poses a serious challenge in the Sissala West District. 

Also, community members and small scale irrigation farmers are not fully involved in the 

planning, designing and construction of irrigation dams. During a Focus Group 

Discussion, this is what an irrigation farmer had to say: 

"We were not involved in the planning and constructing of our dam, we were 

only asked to provide labour and that was it. And because of this, we could 

not ask those in charge any question regarding the constructing of the dam" 

(FGD with irrigation farmers, Nyimati February, 2016). 

4.8 Irrigation in the Sissala West District 

The economy of the District is mainly agrarian. This makes agricultural related activities 

the predominant activity employing a greater proportion of the population. The people 

practice subsistence farming with only a few engaged in commercial cotton farming. The 

main crops are cereals such as millet, maize, sorghum, and rice. The rest are groundnut, 

cowpea, yam and cotton (MOFA, Sissala West District, 2015). 

Animal reanng plays a secondary role to crop farming in the district. The types of 

animals reared include; cattle, sheep, goat, swine and poultry. In. the district there is no 

planned fish farming programme, except capture fisheries in open water bodies like dams 
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and dugouts, and rivers and streams that run across the district (MOFA, Sissala West 

District, 2015). 

There are a total of ten dams and five dug-outs in the Sissala West District that store 

water and used in the dry season. Communities that have small scale irrigation dams and 

dug-outs include Nimoro, Bouti, Zini, Kupulima, Tiwi, Nyimeti, Jafissi, Pulma, Jawia, 

Bullu, Sorbele, Liplimi, Gwollu, Fachio and Gowi. All these small scale irrigation dams 

in the District used the gravity system of irrigation coupled with underground pipes 

which supply water to the constructed wells or tanks. However, the government of Ghana 

and other NGOs constructed these small scale dams and dug-outs in the District to 

engage the subsistence farmers during the prolong dry season. These dams and dug-outs 

provide water for small scale irrigation activities, animal rearing and fishing as well. The 

small scale dams and dug-outs faced some few challenges such as drying up of dams and 

dug-outs during dry the season, poor maintenance of irrigation facilities, blockage of 

underground pipes and inadequate water in constructed well or tanks (MOF A, Sissala 

West District, 2015). 

4.9 Sizes of the six Small Scale Irrigation Dams in the Sissala West District 

The sizes of the reservoirs in the Sissala West District determined the number of times 

small scale irrigation farmers within a season. The dams' usually record low water level 

and often dries up during the dry season. This impedes dry season gardening or farming 

since there are shortages of water required for plant growth. Table 4.4 indicates the sizes 

of the various reservoirs, the community in which these dams are located, the year they 

were constructed and the irrigable land areas in the Sissala West District. 
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Table 4.10 Sizes of the six Small Scale Irrigation Dams in the Sissala West District 

Name of Year the Year the dam Reservoir Current area Irrigable 

dam dam was was area after of reservoir land area 

community constructed reconstructed reconstruction (hectares) (hectares) 

(hectares) 

Pulma 2007 26.2 24.4 20 

Nimoro 2006 4.0 3.6 10 

Bouti 2004 4.3 4.2 10 

Jawia (1) 1984 2005 18.3 17.9 10 

Jawia (2) 2008 8.2 8.2 5 

Nyimati 2007 17.7 17.6 10 

Kupulima 2008 11.2 11.0 10 

Source: Field Survey, November 2015. 

As shown in Table 4. , some of the small scale irrigation dams were constructed about 

ten years ago and need rehabilitation. However, no rehabilitation works on these small 

scale dam's has taken place. 

The first dam among the six was constructed in 1984 and rehabilitated 2005 in Jawia with 

an area of 18.3 hectares and an irrigable area of 10 hectares. Bouti had its share of the 

reservoirs in 2004 when a 4.3 hectare reservoir was constructed with an irrigable area of 
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Plate 4.8: Nyimeti Reservoir Concrete Gauge 

Source: Field Survey, February, 2016 

Plate 4.7 and Plate 4.8 show that, the dams in the study area have gauges but most of the 

gauges have no labels (some labels faded) and readers to provide information on water 

storage levels. The unit of measurement for the concrete gauges in the study area are in 

metres (m) and all these gauges are 5 metres (m) in height. However, the critical 

component of the reservoirs was volume or level of water which determines amount of 

water available for small scale irrigation activities in the study area. The capacities 

(volume) of water in dams are reached when reservoirs are spilling. Also, due to water 

losses through evaporation and usage, sometimes the volume of reservoirs usually 

reduces before the beginning of irrigation farming season. Generally, the level or volume 

of reservoirs largely depend on the annual rainfall which account for volume or level of 

water, dam height and height of spillway, storage reduction through variation of rainfall, 

evaporation, withdrawals, age of dam (siltation) and Shape of the reservoir. 
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Thus these reservoirs created less water than their expected capacity. This makes it 

difficult for irrigation farmers to have access to water for their crops throughout the 

farming season. 

The findings by this study therefore agree with conclusions drawn by Adamson and Loch 

(2014), and Namara et al., (2011), that several non-climatic factors including institutional 

failures, poor construction of dams, and non-rehabilitation of irrigation facilities affect 

farmers irrigation activities in the study area. 

Measuring or checking reservoirs water level is necessary for efficient use of water 

resource in irrigation farming. In the Sissala West District, the concrete gauges are used 

to determine the level of small scale irrigation dams. 

Plate 4.7: Kupulima Reservoir Concrete Gauge 

Source: Field Survey, February, 2016 
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Plates 4.4 and 4.5 above show some of the broken walls and pipes at Nyimeti and 

Kupulima small-scale irrigation sites in the Sissala West District. These are some of the 

numerous challenges faced the small-scale irrigation farmers in the Sissala West District. 

But most of them are left unattended to, hence choked with unwanted materials which 

make it difficult for farmers to access water for their farming activities. 

Furthermore, through personal observation at the irrigation sites, siltation is one of the 

problems affecting irrigation activities in the Sissala West District. Siltation of these 

small scale irrigation dams or reservoirs reduced the water levels in the reservoirs. It was 

observed that farmers cultivate crops around reservoirs. This rain water erode sand and 

other particles into the reservoirs causing siltation, and hence low level of water in the 

reservoirs. 

Some of the reservoirs are full of weeds and in some few years to come the weeds will 

take over these reservoirs. As the weeds covered portions of the dam, it also reduces the 

area and volume of water in the reservoirs. A key informant state: 

"If the weeds in these reservoirs are not dredged, all our dams in this area will dry up" 

(Field Officer, MOF A, Sissala West District February, 2016). 

Also, through personal observation at the irrigation dams, there are no enough trees 

around the reservoirs and this have allowed rain water to carry eroded sand and other 

materials into the reservoirs. However, trees around these reservoirs could have help 

reduce the rate at which sand and other particles are been carried into the reservoirs. 
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Plate 4.4: A broken Pipe, Nyemati Irrigation Site 

Source: Field Survey, February, 2016 

Plate 4.5: Broken Tank, Kupulima Irrigation Site 

Source: Field Survey, February, 2016. 
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Plate 4.3: Nimoro Irrigation Dam (reservoir) 

Source: Field Survey, February, 2016 

Also, rehabilitation of many small scale irrigation dams and dug-outs in the district is 

long overdue but most of them are left unattended to, hence silted with unwanted 

materials which make it very difficult for irrigation farmers to access water for their 

farming activities. 

Some of the pipes and canals are broken down as shown in Plate 4.4 and 4.5. Also, weeds 

have over grown and choked the canals and reservoirs as captured in Plate 4.6. 
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10 hectares. The latest reservoir was constructed in 2008 in Kupulima with a 10 hectare 

irrigable area. 

Plate 4.1, Plate 4.2 and Plate 4.3 below show some of the small scale irrigation dams in 

the Sissala West District during the dry season where irrigation activities are in session. 

Plate 4.1: Bouti Irrigation Dam (reservoir) 

Source: Field Survey, February, 2016 

Plate 4.2: Kupulima Irrigation Dam (reservoir) 

Source: Field Survey, February, 2016 
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During a Focus Group Discussion (FGD) with irrigation farmers at Kupulima, a dam 

Community in the Sissala West District, a farmer stated: 

"It is always difficult to determine the exact level of reservoir (either 

increase or decrease) using the gauge, because the labels on the gauge 

are faded and makes reading very difficult but the water level usually 

goes below half of the gauge using the marks created by water and this 

affects our irrigation activities and outcomes" (FGD with Irrigation 

farmers, Kupulima February, 2016). 

Many of these gauges do not have labels on them making reading very difficult, thus with 

regards to given figures on readings. Observing the gauges, the reservoirs levels went 

below half of the height of gauges and makes it difficult for the reservoir to support the 

gravity system or method used in the study area. The decreased in water levels was as a 

result of rainfall variation, evaporation due to high temperature, improper construction of 

spillways, livestock, domestic and irrigation purposes. The study agrees with Tendai 

(2005), there are no capacity-area figures for small reservoirs mainly because there are no 

gauging plates and readers to provide information on water storage levels. 

4.10 Strategies used by Farmers to Enhance Sustainable Small Scale Irrigation 

Activities 

In the Sissala West District, the small scale irrigation farmers have adopted different 

strategies of water management towards increasing the efficient use of water. Table 4.10 

shows the various strategies adopted and used by small scale irrigation farmers in the 

Sissala West District. 
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Figure 4.4: Strategies used by Farmers to enhance sustainable Irrigation Farming 

"' 

• Use of local canals 

• Use of local wells 

• Use water holes/pipes 

Source: Field Survey, February 2016 

As shown in Figure4.5, reveals the various strategies employed and used by small scale 

irrigation farmers in the Sissala West District. Most of the irrigation farmers rely on the 

use of local canals, water hose, pipes and local wells to channel water to their irrigation 

farms. Many of these irrigation farmers constituting 47% adopted and use local canals to 

facilitate their irrigation activities whilst 30% of respondents dig and use local wells to be 

able to generate, store and channel water to their various farms to facilitate crop growth, 

the remaining 23% of respondents adopt and use strategies such as water hose and pipes 

to channel water from the constructed wells or water sources onto their farms for 

watering of crops. 
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However, irrigation farmers practice sub-surface drip irrigation where the application of 

high frequency small irrigation volumes is provided below the soil surface and have been 

increasingly used to enhance irrigation efficiency. It can be seen in the Plates 4.4 and 4.5 

respectively that irrigation farmers are adapting to the use of long hose and locally 

constructed canals to enhance sustainable irrigation. 

Plate 4.9: Nimoro Small-Scale Irrigation Site 

Source: Field Survey, February, 2016. 
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Plate 4.10: Pulma Small-Scale Irrigation Site 

Source: Field Survey, February, 2016. 

The above pictures show some of the strategies used by farmers in Nimoro and Pulma 

respectively to enhance and sustain their small-scale irrigation activities. By exploring the 

strategies adopted and used by irrigation farmers, the study builds on the works of Bar et 

al., 2015 and Abdelsalam et al., (2015), that most irrigation farmers by a way of coping 

with the inadequacies that exist in accessing the needed irrigation facilities and 

equipment, they cope by using local canals to channel water to their farms, others use 

wells where water hose and pipes are connected in order to direct the flow of water to 

irrigate their farms. 
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4.11 Conclusion 

Climate variability affects small scale irrigation farming in the Sissala West District 

because of variation in rainfall and high temperatures. However, it is not only the weather 

conditions that effects irrigation activities but also the attitude of the community people 

with regards to their perception of ownership of these irrigation facilities. The 

respondents felt they were not involved during the planning and construction of irrigation 

dams and they do not see it as their own. Also, the small scale irrigation farmers do not 

have entrepreneurial skills to support themselves, the dams were handed over to people 

without taking them through how to manage these facilities especially the efficient water 

management strategies. This has led to some of the strategies adopted by irrigation 

farmers in their quest to sustain irrigation activities. Some of the strategies such as local 

canals and wells waste considerable amount of water from the reservoirs. 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 SUMMARY 

This chapter encompasses the major findings, conclusion and recommendations reached by the 

study. The study concentrated on climate variability and its effects on small scale irrigation 

farmers in the Sissala West District, examined non-climatic challenges of the development of 

small scale irrigation dams and explored strategies used by small scale irrigation farmers in the 

District. On the basis of this, the following were the major findings obtained. 

5.1.2 The Effects of Climate Variability 

As a result of climate variability, the Sissala West District records low rainfall with very 

high temperatures as indicated by rainfall and temperature records and farmers 

experience for the past 15 years which poses dangerous effects on water bodies since 

these reservoirs have inadequate water and often dry up during dry season. 

5.1.3 The Effect of Climate Variability on Water Levels of Reservoirs 

The study revealed that the major effect of climate variability is low levels of water in 

their irrigation dams. In the past decades water levels of irrigation dams were high hence 

encouraging farming in the dry seasons. But in recent times, due to increasing changes in 

climate related factors, water levels reduce drastically in the dry seasons since there are 

mostly short rainy periods and high sun shine that cause excessive evaporation of water 

in the reservoirs. 

87 

www.udsspace.uds.edu.gh 

 

 

 

 



5.1.4 The Effect of Low Water Level on the System of Irrigation 

It is also revealed that the low water levels of reservoirs affects the gravity system used in 

the Sissala West District. The small scale irrigation farmers in the study area cultivate 

once a season instead of twice a season because of low water levels of reservoirs, and this 

could not support the gravity system. This is as a result of short and late rainfall patterns 

couple with high temperature in the District. 

5.1.5 The Effects of Climate Variability on Small Scale Irrigation Farmers 

The small scale irrigation farmers had low yields as a result of low levels of water in the 

reservoirs. This also had an effect on the small scale irrigation farmers' yields and 

income since they could not produce enough crops and vegetables to sell for their house 

hold needs. 

5.1.6 Institutional Challenges or Failures 

The study also reveals that institutional failures as a result of poor management of 

irrigation schemes, poor construction of dams, non-rehabilitation of dams, poor spill 

ways and siltation of dams are the major non-climatic challenges affecting the 

development and efficient operation of small scale irrigation dams in the District. 

5.1.7 Strategies Adopted by Irrigation Farmers to Enhance Irrigation activities 

The results shows that the small scale irrigation farmers in the Sissala West District used 

alternative strategies such as local canals, water hose or pipes and local wells to enhance 

and sustained their small scale irrigation activities. 
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APPENDICES 

APPENDIX 1 

QUESTIONNAIRE ADMINISTRATION 

DEP ARTMENT OF ENVIRONMENT AND RESOURCE MANAGEMENT 

FACULTY OF INTEGRATED DEVELOPMENT STUDIES 

SCHOOL OF GRADUATE STUDIES, UDS 

This research IS mainly for academic purpose, responses given will be treated 

confidentially. 

TOPIC: The effect of climate variability on small scale irrigation system in the Sissala 

West District. 

Name of Respondent: . 

Name of Community: . 

Date of Interview: : . 

Questionnaire No . 

Section A: Demographic Characteristics 
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_) 

~tl ! Age ) Marital J Number of EdUC8't::J / Household size / Major. 7 
c~tatu,~ Children Backgr Occupation 

Information 

. .. Section B: How do small scale irrigation farmers understand clImate variabIlity In 

the Sissala West District? 

1. Have you notice any changes in the weather/climatic conditions over the past 5-20 

years? Yes [ ] No [ ]. If yes, please describe the main weather events that 

happen during the year 

2. Have rainfall patterns varied/changed in last 5-20? Yes [ ] No [ ] if yes which 

way? 

(a) Increased [ ] (b) reduced [ ] 

3 Kindly explain the changes in rainfall pattern with regards to 

a. When the rains starts and ends . 

b. Intensity . 

c. Frequency . 

4 a. Do you consider the changes in rainfall as a challenge that can affect the water 

levels of the reservoirs? Yes [ ] No [ ]. 

b. How does the water level affect irrigation activities? 

.................................................................................................................................... 

.................................................................................................................................... 
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5. Have temperature patterns changed during the last 5-20 years? Yes [ ] No [ ]. If 

yes, how (a) rising [ ] (b) decreasing [ ] (c) both [ ] 

6. Does temperature have any impact on your irrigation activities? Yes [ ] No [ ]. If 

yes Why? 

8. How did you receive information regarding the changes in rainfall and 

temperature patterns? 

a. Personal experience . 

b. Through government agencies . 

c. NGOs/CBOs . 

7. Did you notice any changes in sunshine in your locality? Yes [ ] No [ ].Ifyes, 

why 
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9. In your opinion, what causes the variation in climate (rainfall, wind & 

temperature) over the years? 

10. Do you think climate variation is affecting the type of irrigation system used in 

your locality? Yes [ ] No [ ] If yes explain 

Section C: Agricultural production under small scale irrigation. 

Crop/vegetable production 

11. What is your total irrigated farm size? (In 

acres/plots) . 

12. Is your irrigated farm size enough for your crop/vegetable production? 

a) Yes [ ] 

b) No [ ] 

13. What are the major crops or vegetables you cultivate? 1 =very small, 2=small, 

3=moderate, 4=large, 5=very large [circle the appropriate number] 

a) Maize [ ] 1, 2, 3, 4, 5 

b) Okro ] 1, 2, 3, 4, 5 

c) Pepper ] 1, 2, 3, 4, 5 

d) Rice [ ] 1, 2, 3, 4, 5 
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e) Onion [ ] 1, 2, 3, 4, 5 

f) Carrot ] 1, 2, 3, 4, 5 

g) Groundnuts ] 1, 2, 3, 4, 5 

h) Tomatoes [ ] 1, 2, 3, 4, 5 

14. Are you producing for household consumption or for sale? 

a) For household consumption only [ b) For sale only [ 

c) Sell some and also consume some [ ] 

15. Which of the crops or vegetables produced earn you more income? 1 =very small, 

2=small, 3=moderate, 4=large, 5=very large [circle the appropriate number] 

a) Maize ] 1, 2, 3, 4, 5 

b) Okro [ ] 1, 2, 3, 4, 5 

c) Pepper ] 1, 2, 3, 4, 5 

d) Rice [ ] 1, 2, 3, 4, 5 

e) Onion [ ] 1, 2, 3, 4, 5 

f) Carrot ] 1, 2, 3, 4, 5 

g) Groundnuts [ 1, 2, 3, 4, 5 

h) Tomatoes [ 1, 2, 3, 4, 5 

16. What are the sources of your irrigated farm labor? 

a) Family labour [ ] b) Hire labour [ ] c) Shared labour [ ] 

17. In the past 10 years, what has been the trend of the yields of crops/vegetables 

cultivated? 

a) No change [ ] b )Improving [ ] c) Fluctuating [ ] d) Declining [ ] 
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18. What are the causes in your answer in question 17 above? You can choose more 

than one option. 

\ 
a) Poor rains [ ] 

b) Pests and diseases [ ] 

c) Declining soil fertility [ ] 

d) High water levels ] 

e) Low water levels [ ] 

f) Extension delivery ] 

g) Others (specify) . 

19. Which sources do you access agricultural extension services? 

a) Agric Extension Agents [ b) NGOs/CBOs [ J c) Farmer-Farmer [ 

d) Others (specify) . 

20. How often do you access/receive extension services? 

a) Non [ ] b) Once a month [ ] c )Twice a month [ ] 

c). Others (specify) . 

Section D: How does irrigation farmers undertake conservation practice 

alongside irrigation activities? 

21. Do you have trees on your irrigated farm land? Yes [ ] No [ ] Ifno, why are 

you not practicing agroforestry? 
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· .................................................................................................•....................................... 

If yes, indicate whether they are natural occurring ones [ ] planted ones [ ] both [ ]. 

Mention the natural occurring species . 

Planted species . 

22. Which of the following sources did you obtain the seedlings from? Personal 

nursery ( ) MoF A ( ) Forestry Commission ( ) NGOs ( ) others (specify) 

23. Kindly explain how you take care of the young trees to erisure their survival 

24. Which of the following tree management activities have you practicing? Watering 

] fertilizing/manuring [ ] weeds control [ ] gapping [ ] mulching [ ] thinning 

. ] pruning [ ] coppicing [ ] pollarding [ ] fencing! construction of fire belt [ ] 

25. What are the soil improvement practices you are engaged in your farming? 

a) Compost ] 

b) Manure ] 

c) Chemical fertilizer [ ] 

d) Crop rotation ] 

e) Inter-cropping [ ] 
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f) Grass strips [] 

g) Others 

(specify) . 

26. Why have you chosen to adopt/practice these soil improvement methods? 

a) Increase soil fertility [ ] 

b) increase crop yields [ ] 

c) reduce soil erosion [ ] 

d) increase water holding capacity of the soils [ ] 

e) Others 

(specify) . 

27. Where did you acquire the knowledge about these soil improvement practices? 

a) Agricultural Extension Agents [ ] 

b) NGOs field officers [] 

c) Learned from colleagues farmers [ ] 

d) Others 

(specify) . 

Section E: Accessibility and management of irrigation facilities 

28. Who is responsible for the management and development of the small scale 

irrigation dams? 

a) Farmer groups [ ] b) Agric extension officers [ ] c) NGOs/CBOs [ ] 

d) Others 

(specify) . 

29. How regularly do they visit the reservoirs? 
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" ... 

a) Daily [ ] b) Weekly [ ] c) Monthly [ ] d) Yearly [ ] 

f) Others 

(specify) . 

30. How did you acquire your farm land for irrigation activities? 

e) Free [ ] b) Purchased [ ] c) Land tenure agreement [ 

d) Inheritance [ ] 

e) Others (specify) . 

31. Are strangers allowed to acquire land and use reservoirs for irrigation activities in 

your community? Yes [] No [] 

Ifno why . 

32. Are women allowed to use reservoirs for irrigation farming in the community? 

Yes [] No [] 

If no why . 

33. How will the current management practices enhance irrigation activities in the 

community? 
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34. What activities are other members of the community doing that are affecting 

irrigation farming in your community? 

35. In your own opinion, what do you think the community, the chief and his elders 

should do to enhance proper management practices of irrigation facilities? 

C. Strategies used by the farmers to enhance sustainable small scale irrigation 

36. Do you use any strategy to enhance the sustainability of the small scale irrigation 

activities in the community? Yes [ ] No [ ] 

37. If Yes, what strategies do you use? 

38. If No, why don't you adopt and use any strategy? 
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APPENDIX 2 

QUESTIONNAIRE ADMINISTRATION 

FACULTY OF INTEGRATED DEVELOPMENT STUDIES 

SCHOOL OF GRADUATE STUDIES, UDS 

INSTITUTIONAL SURVEY 

This research IS mainly for academic purpose, responses grven will be treated 

confidentially. 

TOPIC: The effect of climate variability on small scale irrigation system in the Sissala 

West District. 

Name of Institution . 

Date of Interview ~ . 

e Status of Respondent . 

1. Please how many small scale dams and dug-outs are in the sissala West District? 

2. What type of irrigation systems are practice in this area? 
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3. Please indicate on the table below the 

Small Scale Irrigable Volume of Year of Total Number Remarks 
Irrigation Area water/size construction (in use/not In 
dam (Hectare) Irrigation use) 
Communities 

Farmers 

1. Pulima 

2. Nimoro 

3. Bouti 

4. Jawia 

5. Kupulima 

6. Nyimati 

4. What have been the problems of these small scale irrigation dams and dug-outs? 

(i) . 

•• (ii) . 

(iii) . 

5. What solutions do you suggest or provide for the sustainability of small scale 
irrigation dams and dug-outs in the district? 

(i) . 

(ii) . 

(iii) . 

6. What efforts have MOF A/GIDA made to improve irrigation systems of these 
small scale irrigation dams? 

(i) . 

(ii) . 
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:: 

(iii) . 

7. What have been some challenges encountered in the past with regards to the type 
of irrigation system( s) in the district? 
(i) . 
(ii) . 
(iii) . 
(iv) . 
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APPENDIX 3 

FOCUS GROUP DISCUSSION GUIDE 

RESEARCH TOPIC: The Effect of Climate Variability on Small Scale Irrigation 

system in the Sissala West District, Ghana. 

Technique: Focus Group Discussion 

Research Area: Sissala West District 

Target Audience/participants: Selected elders, small scale irrigation farmers both men 

and women and Agric extension officers. This will be carry out in each community. 

District Audience or Participants Total No. No. Expected to 

Targeted Invited Attend 

Sissala West Elders and irrigation farmers 10 8 

(Eight communities 

involved) 

Researchers Student 2 2 

Abdulai Ahmed Abdul-Razak 

Assistants 

Discussion Guidelines 

• We are here to ask questions, listen and ensure everyone has a chance to 

share their views and opinions on the subject matter. If we seem to be stuck 
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on a topic, we may interrupt you and if you are not saying much, we may call 

on you directly. If we do this, please don't feel bad about it all; it's just our 

way of making sure that we obtain everyone's view and opinion for this 

research. 

• This discussion would be informal, so there is no need for you to wait for us 

to call on you to respond directly to the comments other people make and if 

you don't understand a question, please let us know. 

• What we require from all of you is to keep each other's personalities, 

participation and comments, remarks confidential. We entreat everyone to 

feel free, speak up openly and honestly. We will not be tape recording this 

discussion, so we are assuring you of secrecy. 

last 5-20? 

1. How do farmers understand climate variability 111 the Sissala West . .•.. 
District? 

a) Have temperature, sunshine and rainfall patterns varied/changed in 

b) What some of these variations? 

2. What are some of the developmental challenges of small scale irrigation 

dams in the Sissala West District? 

a. Are you are involved in the planning and construction of the irrigation 

dam? 
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b. Who is responsible for the management and development of the small 

scale irrigation dams? 

c. Are women allowed to use the reservoirs for irrigation farming in the 

community? 

d. What activities are other members of the community doing that are 

affecting irrigation farming in your community? 

3. Explore The Strategies Used By Farmers To Enhance Sustainable Small 

Scale Irrigation Activities In The Area. 

a. What strategy do you think: can be adapted towards improving 

sustainability of the small scale irrigation activities in the community? 

Closing Remarks: 

• Allow few minutes for interaction and comments. 

• Thank: all participants for their attendance and participation. 
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