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[bookmark: _Toc127797542]ABSTRACT
Siltation in reservoirs of small-scale irrigation dams is becoming a serious problem that is gradually jeopardizing the goals for which these facilities were built. However, information on this critical phenomenon on irrigation dams in Ghana's Upper West Region is scarce, hence the need for this study. The study used a combination of qualitative and quantitative approaches to assess reservoir siltation on selected irrigation dams in Ghana's Upper West Region, two each in Wa West District and Wa Municipality. The quantitative study used simple equipment to measure the depth of silt accumulations in the study dams. In addition, a survey of (100 respondents) and interviews (6 participants) were conducted with patrons to assess their understanding of the causes of siltation and how siltation affects their food production and income. The descriptive component of Statistical Package for Social Science (SPSS version 20) was used to analyse qualitative survey results at a 95% confidence level, while thematic analysis was used to analyse quantitative data. The results showed that due to siltation, the four reservoirs lost a total volume of 1,118, 105.444 cubic meters (cu.m3) of water. The main causes of siltation were discovered to be a combination of human and natural activities within reservoir catchments. The effects of siltation on these small-holder irrigation farmers' production, such as vegetable production, fishing, and animal rearing, were largely negative. But, this was said to have decreased compared to when the dams were first built without the siltation effect. Thus, dam siltation was said to have had a significant impact on smallholder irrigation farmers' operating costs. However, no adequate mitigation strategies were implemented by smallholder irrigation farmers and stakeholders to address the impact of dam siltation on their activities. Findings reveals, the impact of siltation is enormous and necessitates extensive intervention by the government and other bodies or agencies. The study suggests stakeholder collaboration and an integrated approach to addressing dam siltation in the Region.
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[bookmark: _Toc85626567][bookmark: _Toc118764408][bookmark: _Toc127797552]1.1 Background
Irrigation is widely regarded as a key technique for guaranteeing global food security and market-oriented agriculture (Alexandratos & Bruinsma 2012; IWMI 2013). Flood-based farming has been used in various regions of the world since ancient times, but due to the advent of technology in the last decades, the trend is fast changing thereby inspiring both governments and nongovernmental organizations to increasingly modernize the old approach into what is generally recognised as irrigated agriculture. For the years 2025 and 2030, several projections of irrigated water demand and supply have been made by Food and Agriculture Organization FAO (FAO 2012b) which suggests that irrigation's proportion of global agricultural output will rise in the next decades. In developing countries in particular, the area targeted for irrigation is expected to have expanded by 20% (40 million ha) by 2030. This suggests that 20% of total land with irrigation potential but not yet operational will be brought under irrigation and that 60% of all land with irrigation potential (402 million ha) will be in use by 2030. The net increase in irrigated land (40 million ha, 0.6% per year) projected to 2030 is less than half the increase over the preceding 36 years (99 million ha, 1.9% per year (Darkoet al.; 2016).
Its worthy of note that, less than a third of the world’s land is irrigated, yet irrigated crops accounts for 40% of global food production. Despites this significant benefit, the distribution of irrigated land varies widely beyond imagination. East Asia and Pacific alone account for almost 40% of total irrigated farmland and more than 30% in South Asia. These two regions only together thus account for more than 70% of the global irrigated crop area, while only 5% of harvested land is occupied in Africa south, that is South of the Sahara (SSA), if the current trend is sustained, total irrigated crop area is anticipated to shoot up by 12 % to 394 million hectares (ha) by 2030, with the largest increases occurring in SSA, that is 44%, followed by South Asia and Latin America as well as the Caribbean (15% each). (Ringler, 2017).
Food insecurity has affected Sub-Saharan Africa for many years. Despite the advances made on irrigated agriculture in recent decades, the region continues to face significant issues in producing enough food (Sasson, 2012; Rosen, Meade, Fuglie, & Rada, 2016). According to (FAO, IFAD, UNICEF, WFP, & WHO, 2017) State of Food Security and Nutrition Report, 23% of the population in Sub-Saharan Africa are malnourished and food insecurity has increased by about 3% in the period between 2014 and 2016.  Another evidence of the region's worsening food security situation is the region's high and growing reliance on imported food. Major staple crop yields in Sub-Saharan Africa lag far behind those in other parts of the world (FAOSTAT, 2016). As a result, many countries in the region are overly dependent on net food imports. However, Only Zambia has attained grain self-sufficiency among major countries in Sub-Saharan Africa; in numerous other countries, such as Angola, Mauritania, and Namibia, imports meet more than half of domestic needs for staple cereals. Furthermore, while domestic output grew, gains in cereal production were outpaced by population growth and rising demand from individuals who benefited from economic prosperity and relocated to cities. As a result, from 17% between 2000 –2002 and 19% in 2011–2013, cereal import dependency grew (FAOSTAT, 2016). Because of its lack of self-sufficiency, the region is vulnerable to uncertain global agricultural markets.
In order to improve food security in Sub-Saharan Africa, more effective systems and technologies, programmes in agriculture and its related sectors must be implemented. Many studies have looked into this (Chen et al.; 2011; Webber, Gaiser, & Ewert, 2014; Devereux, 2016; Van Ittersum et al.; 2016; & Rosegrant et al.; 2017).  Enhancing irrigated agriculture is a viable solution to food insecurity in the region. Irrigated agriculture is generally more productive than rain fed agriculture and food production is inextricably related to access to water for productive uses. Irrigated agriculture is projected to account for only 20% of cropland globally, yet it generates 40% of total production (FAO, 2016). Crop production in Sub-Saharan Africa is primarily rain fed and only around 5% of cropland is irrigated (FAO, 2016). Irrigation has the potential to boost agricultural output while also reducing food insecurity and reliance on imports in Sub-Saharan Africa region (Xie et al.; 2018).
These huge potential from irrigation on food security, income and health benefits is however being threatened by siltation. As pointed by (Al - Maktoumi et al.; 2020).  Siltation of recharge dam reservoir beds limits storage capacity, slows infiltration and deep percolation rates, increases water loss through evaporation and reduces recharge efficiency to the underlying unconfined aquifer in dry climates which ultimately reduces the output of reservoirs and life span as well. Sharma, (2019), revealed that, rivers carry a considerable volume of sediments due to soil erosion from banks and beds. The dam's structure obstructs the passage of sediments through it, causing them to settle on the dam's upstream side. Reservoir sedimentation reduces the reservoir's storage capacity. It also has an impact on reservoir functions such as flood control, water supply, irrigation, navigation, and electricity generation, among others.  Reservoir sedimentation becomes severe in dry areas, with active storage capacity losses of more than 1% to 2% per year and most reservoir lifetimes decreased by 20 to 30 years. Reservoir sedimentation reduces the useful life of reservoirs, causes technical issues, water quality issues, as well as economic, social, and environmental issues. Because of reservoir operation limits, it is sometimes necessary to maintain a minimum reservoir level and filling occurs at the same level. Large sediment deposits accumulated in the reservoir after a period. The reservoir's bed develops a hump, and it acts as a natural barrier against sediment lowing near the dam. This hump has a negative effect on live storage capacity of the dam by causing it to deplete faster. The sedimentation process in reservoirs raises water turbidity, causing environmental concerns such as water quality, degradation and reduced visibility for fish. The sedimentation of the reservoir over time results in the accumulation of sediments in the bottom layers as a result of soil erosion, resulting in a loss of reservoir storage and as a consequence, a reduction in the reservoir's useful life. Irrigation technology is a critical tool in boosting rural livelihoods (Gebregziabher et al., 2009). The Upper West Region has a good number of irrigation facilities made of small scale dams and dugouts, assessing the effects of siltation on these facilities in relation to the livelihoods of small holder irrigation farmer are very vital.
[bookmark: _Toc80872787][bookmark: _Toc85626568][bookmark: _Toc118764409][bookmark: _Toc127797553]1.2 Problem Statement
Small holder irrigation farmers in the Upper West Region are usually faced with the shortage of regular supply of water from their respective small scale dams in the dry seasons. The quantity of water in the reservoirs in the Region has been observed to be deteriorating at fast pace and the volume usually fast depleting particularly at the peak of the dry season when household irrigation farmers need water most to carry on their farm activities. This challenge results in employing other means of accessing water such as digging of shallow wells at downstream, the use of fuel pumps among others to irrigate their crops (Kpieta et al.; 2013). This unfortunate development mostly leads to a high cost of production to these small holder farmers who are already overburdened and therefore venture into dry season agriculture as a reliable means of livelihood especially in the dry season. This phenomenon is common on irrigation facilities in the Region that include, Baleofiili, Busa, Sing-Bakpong, Siiru, Duong and others. Hence, the reasons to conduct this study to ascertain the causes of this water shortage in our reservoirs and possibly recommend solutions. 
An account of researchers in the Upper West Region such as (Kpieta et al.; 2013: Peprah et al., 2015), have presented many accounts of irrigation development's impact to rural livelihood empowerment. The government of Ghana and other development partners has built multiple dams and dugouts in Ghana's North-western part, which has considerably contributed to the reduction of poverty in these areas; Sankana, Baleofiili, Siiru, Busa, and Daffiama are among the communities that have made a fortune from these dams and dugouts (Issahaku, 2018). Irrigation development, according to (Monnah, 2001), benefits not only men but also women who have access to their own farmland to produce and earn their own income. The phenomenon of siltation in small scale dams is strongly believed to be a great threat to the livelihoods of small holder irrigation farmers which is perceived to be induced by anthropogenic activities who are mostly the beneficiaries of these facilities. This study was carried out to unearth the effects of siltation on the livelihoods of small holder irrigation farmers in two administrative Districts of the Upper West Region.
Empirical evidence revealed by (Peprah et al.; 2020), showed that, Ghana is regarded as one of sub-Saharan Africa's most vulnerable countries to global climate change (Asante & Amuakwa-Mensah, 2015). It is one of the countries that are significantly reliant on the monsoon system's intricate interactions as well as local thermal and hydrological feedbacks (Lasco et al.; 2014). As a result, the country is extremely sensitive to weather-related disasters such as floods and droughts, with the vulnerable people engaged in small-scale farming bearing the brunt of the consequences.  Irrigation therefore provides an opportunity for crop and livestock farming due to a lack of rainfall for rain-fed agriculture. Irrigated agriculture serves as a link, increasing revenue levels for small-holder irrigation farmers especially in facilities that always have enough water throughout the dry season. Photosynthesis, respiration, absorption, translocation, mineral nutrient utilization, and plant turgor are some of the functions of water in the irrigation process (Thakur, 2018). 
Additionally, Siltation of rivers, dams, and other bodies of surface water has a variety of direct and indirect effects on the ecosystem and people. For example, it limits the amount of water accessible for use (Chihombori, 2013), has an impact on water quality (Mavima, 2011), and has an effect on fish and aquatic ecosystems in general (Wailing 2007, Collins et al., 2008, (Mavima, 2011). Siltation has several socioeconomic consequences, including increased food shortages (FAO 2015), decreased income earnings (FAO, 2015), negative health effects, and, most importantly, a decline in the livelihoods of rural small-holder irrigation farmers whose primary source of income is dependent on water availability (Zezekwa, 2017). 
Certainly, numerous investigations has been conducted globally, continentally, and locally on effects and other challenges outlined on siltation including; (Rosas et al., 2020),  with regards to hydro power generation, conveying systems on irrigation such as canals, recreational infrastructure and siltation on both closed and open water distribution systems on various projects and schemes at various locations worldwide. However, very little attention has been given to the effect of this phenomenon on small holder irrigation farmer in the Upper West Region. This assessment is expected to provide details and much needed information to stakeholders on this category of farmers for optimization of these schemes, operations and management in the Region.

[bookmark: _Toc80872788][bookmark: _Toc85626569][bookmark: _Toc118764410][bookmark: _Toc127797554]1.3. Research Question
[bookmark: _Toc80872789][bookmark: _Toc85626570][bookmark: _Toc118764411][bookmark: _Toc127797555]1.3.1Main Question
 How is siltation of small scale dams affecting the livelihoods of small holder irrigation farmers in the Wa West District and Wa Municipality?
[bookmark: _Toc80872790][bookmark: _Toc85626571][bookmark: _Toc118764412][bookmark: _Toc127797556]1.3.1Specific Questions
1. What are the major causes of siltation of small scale irrigation dams in the study areas?
2. Does siltation of small scale dams in the study areas influence production levels of small holder irrigation farmers?
3. How is siltation limiting the income of small holder irrigation farmers in the study communities?
4. How are small holder irrigation farmers mitigating the effects of siltation of small scale dams on their livelihoods in the areas?
[bookmark: _Toc80872791][bookmark: _Toc85626572][bookmark: _Toc118764413][bookmark: _Toc127797557]1.4 Main objective
Basically, the study is to assess the effect of siltation on the livelihoods of small holder irrigation farmers’ in the two administrative Districts.

[bookmark: _Toc80872792][bookmark: _Toc85626573][bookmark: _Toc118764414][bookmark: _Toc127797558]1.4.1 Specific objectives
[bookmark: _Toc118764415]The specific objectives of this study were to:
1 Examine the causes of siltation on small scale irrigation dams in the study areas;
2 Determine the effect of siltation on production levels to the small holder irrigation farmers in the study communities.
3 Examine the effect of siltation of small scale irrigation dams on the livelihoods of small holder irrigation farmers in the two Districts;
4 Ascertain the mitigation strategies employed by small-holder irrigation farmers in the management of siltation and its effects on their livelihoods;
[bookmark: _Toc127797559]1.5 Scope of the Study
Wa West District and Wa Municipality were the study areas and the study focused on four irrigation facilities in the two Districts of the Upper West Region. The research was carried out focusing on siltation and its related challenges and effects on the livelihoods of small holder irrigation farmers in the study communities. The study was conducted within two years and   completed by the end of 2022 academic year.

[bookmark: _Toc127797560]1.6 Significance of the Study 
This study is paramount in line with our national developmental agenda within the context of the United Nations Global Sustainable Development Goals (SDGs), especially SDG 1 and 2 which are focused on eliminating poverty and hunger respectively. A study conducted by (Akudugu et al., 2021), gave empirical evidence that, despite the fact that agriculture is the backbone of the African economy, it is currently under stress due to a variety of factors, including climate change. As a result, several countries are implementing climate-smart programs, such as providing water collection systems for irrigated crop production during the dry season, as part of their attempts to change their agricultural sectors. Their research looked into the impact of irrigation in Africa's drive to change smallholder irrigated agriculture. Small scale irrigation has a significant and favourable impact on farm incomes, employment, consumption, food security, and non-farm economic activities, all of which are critical prerequisites for a sustainable transformation of smallholder agriculture in Africa (Akudugu et al., 2021).
Irrigation interventions have a lot of potential to help with farm profitability and agricultural intensification (Giordano, Fraiture, Weight, & Van Der Bliek, 2012; Burney, Naylor, & Postel, 2013; De Fraiture & Giordano, 2014; Giordano & de Fraiture, 2014; Xie, You, Wielgosz, & Ringler, 2014). Small-scale, farmer-led irrigation, in particular, is a viable way to quickly expand irrigation adoption and improve livelihood and food security for disadvantaged populations You et al., 2011, Burney, Naylor & Postel 2013). In addition, as climate change makes rain fed agriculture more vulnerable, irrigation is becoming a more crucial concept for increasing resilience to climate shocks and stressors.
Under climate change, supplemental irrigation, for example, can help to moderate yield loss (Nangia & Oweis, 2016). Other possible irrigation advantages, such as increased nutrition and health, women's empowerment, and the paths via which irrigation contributes to these outcomes, have received less attention until lately. Small-scale irrigation, according to evidence, boosts crop yield, expands the range of crops farmers may grow, and extends the availability of nutritious foods throughout the year (Namara et al., 2011; de Fraiture & Giordano, 2014; Alaofe et al., 2016; Passarelli et al., 2018; Baye et al. 2019).
Through an income effect, irrigation can also boost economic access to food, asset accumulation, employment prospects, and spending on education and health care (Namara et al., 2011, Burney & Naylor, 2012; Passarelli et al., 2018).
This empirical evidence notwithstanding, very little or no research has been conducted on the effects of siltation on the livelihoods of small holder irrigation farmer. This study in the midst of environmental possibilism is therefore intended to add to the potentials and fortunes of irrigation practitioners on small scale dams in a more sustainable manner.
[bookmark: _Toc127797561]1.7 Limitations of the Study
The study obviously faced a number of challenges some of which include: fatigues from the respondents since the same group of people have given audience to series of researchers on similar issues on their respective facilities. This challenge was overcome through persuasive engagements with the targeted respondents which led to their maximum support and cooperation throughout the study.
Additionally, information solicitation among respondents has been made difficult as Non-Governmental Organisations (NGOs) entice respondents with resources such as soap and other gifts before taking information. This made the conduct of interview with the respondents a little difficult at the beginning and further group discussions was more challenging. Again, with series of educational interaction I had with some of the respondents, they were made to understand that, this research is purely academic and do not have any source of funding. As a student researcher, persuasions and adherence to their local protocols strongly helped gained their support and cooperation. Lastly, physical routine contact with stakeholders also gave a challenge as the COVID-19 protocols did not allow physical contacts very often as we conventionally do without protection. This increased the research budget through provision of personal protection equipment (PPE) such as nose masks and hand sanitizers to respondents who did not readily have them during interaction sections.
[bookmark: _Toc80872796][bookmark: _Toc85626578][bookmark: _Toc118764416][bookmark: _Toc127797562]1.8 Organization of the study
The study is organized into five chapters. Chapter1, among others consists of the background, the problem statement, research questions and study objectives. Chapter 2 looked at the Literature review on related existing works such as siltation and its consequences on livelihoods, small holder farmers on irrigation, knowledge gap identification   and construction of conceptual framework to guide the study. Chapter 3 is made up of the context of the study, communities and facilities profile and the research Methodology. Chapter 4 covered the Data Analyses and Presentation. Whilst Chapter 5 also dealt with Summary, Conclusions and Recommendation.

[bookmark: _Toc118764417][bookmark: _Toc127797563]CHAPTER TWO
[bookmark: _Toc118764418][bookmark: _Toc127797564]LITERATURE REVIEW
[bookmark: _Toc118764419][bookmark: _Toc127797565]2.0 Introduction
This chapter reviewed salient literature to this study. It played emphasis on the challenges, pattern, causes, effects of siltation on livelihoods of small holder irrigation farmers and the measures employed to tackle siltation on reservoirs. Siltation is an international geographical phenomenon and therefore afforded this study the golden opportunity to review global, regional as well as local literatures on the subject matter. In furtherance to this, the study evaluated siltation on small scale dams and its effects on the livelihoods of small holder irrigation farmers and shared sustainable strategies of mitigating siltation in reservoirs. The chapter concluded with conceptual frameworks that will influenced this research.
[bookmark: _Toc118764420][bookmark: _Toc127797566]2.1 Definition of terms and Concepts
[bookmark: _Toc118764421][bookmark: _Toc127797567]2.1.1 Small scale dams and reservoirs
A dam is defined as an embankment or structure across a stream, river or waterway to confine and then control the flow of water. Whilst reservoirs are storage facilities that exist upstream of a dam built across a river with the intent of storing water during periods when the river has excess water running through it and using it during periods when the river has less water flowing through it. (Sharma, 2019). Dams are structures built to retain water by forming a reservoir behind the structure. These are usually built across, or near, naturally flowing water to manage the water for human use. (Alahiane ,2016), argued that, small dams are multipurpose infrastructure primarily constructed to improve water storage for irrigation, attenuation or mitigate floods, contribute to water table recharge, livestock watering, domestic and recreational purposes. This definition has been adopted because it fits into the context of this investigation. Again, small dams are very paramount to improving community living particularly in rural areas where drought is experienced (Zirebwa and Twomlow, 1999). Whilst 
Dams are defined as a barrier that holds water and increases its level to produce a reservoir that can be utilized to generate energy or provide water for other purposes. They are lakes or reservoirs used primarily for water storage or energy generation. (Youdeowei et al., 2019).
Another definition by World Commission on Dams and cited by (Acheampong et al., 2018) describes small reservoirs as "a structure that has a height less than 15 meters and a storage capacity that ranges from ﬁfty thousand to 1 million m3. Defining small reservoirs by capacity, height, irrigated area, kind of infrastructure, or management method, is however site and context specific and often difficult to compare. The development, operations, management and sustenance of dams is increasingly growing and becoming even more relevant in recent years, due to the erratic rainfall patterns and water scarcity in most countries globally. Reservoirs, dams and their associated facilities store water during the rainy season within their designed capacity and make it available for humans and animals to use in their immediate environment (Huang et al., 2018; Adongo et al., 2019).
[bookmark: _Toc118764422][bookmark: _Toc127797568]2.1.2 Irrigation
Irrigation is the practice of applying controlled amounts of water to land to stimulate the growth of crops, but it can also be used to nurture landscape, plants and lawns, in which case it is referred to as watering. In Sub-Saharan Africa, climate-sensitive rain fed agriculture is the primary source of income for the rural poor (SSA). Their productivity is usually limited to a three- to six-month rainy season, and the crops grown are mostly staple grain crops in order to survive and thrive. However, the yields of these crops are too often poor and vulnerable to weather-related fluctuations. Smallholder farmers in SSA are frequently trapped in multiple-scale poverty traps due to their reliance on climate-sensitive, seasonal staple production systems (Ndengu, G et al., 2018). Irrigation is as a dynamic tool for modernization of agriculture in both developed and third world countries like Ghana and three basic types are commonly practised in Ghana. These consist of  (i) Surface irrigation system which method allows the non-discriminatory flooding of the entire accessible irrigable Conventionally gravity plays a major role in water transportation and percolation until recently when farmers need to employ equipment like water pumping machines where gravity cannot reach due to the limited volume of water in the reservoir. This method is however not helpful to practice in areas of water scarcity is rampant. (ii)  Drip Irrigation system direct water or fertilizer application to the roots of the plants which is the main targets through the use of a drip pipes. Valves and tubes.  This system significantly reduces wasting of water and is good in areas of water scarcity or long periods of droughts and increases crop water utilization.(iii) Sprinkler Irrigation method, is usually strategically located in the farm and water is distributed through pipes using pressure. It mostly consists of a sprinkler head, pipes, suction pipe or restrained and a pumping pressure source. The ‘Gun’ popularly known as the sprinkler head is mounted on a pivot that rotates round with the little pressure passing through as water. In front of the ‘Gun’ is metallic blockage from front of the ‘Gun’ connected to the rotating pivot few cm away from the channel of passage (Issahaku, 2018). Women's empowerment can take several forms, one of which is the accumulation of productive assets, which allow women to earn and control additional money, broaden their decision-making authority, and improve their overall well-being. Irrigation interventions that boost women's access to small-scale irrigation technologies like motor pumps have the potential to increase women's empowerment by giving them more control over agricultural production, income, and time. According to (Malapit & Quisumbing 2015; Ross et al., 2015), If irrigation plays a role in these changes, it could have a favourable impact on well-being outcomes such as better nutrition for women and children, as well as better health (Bryan et al., 2020). Besides these cited definitions, irrigation could also be viewed as the artificial application of water to plants. But other stakeholders such as fishermen, livestock farmers, and domestic users among others have joined in the patronage of small scale dams which were initially not targeted in the use of these facilities and therefore contribute significantly in the speedy depletion of water resources particularly in small scale dams which capacities are usually limited by designed. 

[bookmark: _Toc118764423][bookmark: _Toc127797569]2.1.3 Livelihoods 
An investigation carried by (Mhembwe et al., 2019) with a prime focus on the role played by small scale schemes (SSS) as a means of boosting food production and simultaneously reducing poverty among small holder farmers (SHF) in Shurugwi District revealed that, small scale Irrigation systems are an important policy tool for many African governments in their efforts to alleviate poverty and increase food security. Such a policy option has a significant impact on rural communities' livelihoods, as agriculture is their lifeblood (Gebrehiwot, Mesfin & Nyseen, 2015, Muzerengi & Mapuranga, 2017), also point out that small-scale irrigation programs were established primarily to enhance agricultural production in many less developed nations, particularly in Africa. Furthermore, these programs were designed to lessen farmers' reliance on the unpredictability of African weather (Muzerengi & Mapuranga, 2017). 
	
An account from (Apam, 2012) as cited by (Issahaku, 2018), defined livelihood as the availability of assets and resources that are pooled to make ends meet. He emphasized that livelihood encompasses both material and human skills as well as activities that enable people to live. It is the acquisition of assets and activities that are impacted by factors such as gender, class, kinship, belief systems, and traditions (Allis, 2000). This signifies that one's basic requirements are met through the use of resources, assets, and activities. (Apam, 2012), argues that livelihood is the exposure to unforeseen events, obstacles, and stress in dealing with them.
Additionally, livelihood strategies may be described as various economic activities that people engage in to support their life or generate an income for themselves. These strategies may generate financial asserts, create source of household survival but also has the potential to affect the environment and culture around it. However, it is worthy of note that the level of assets possessed by an individual is equivalent to the levels of risk associated in terms of resistance and threats. These assets include irrigation facilities such as dams, dugouts, underground water resources, labour, services provided by institutions and agencies and availability of irrigated land to an individual or group. Therefore to have Sustainable livelihoods in a community, it needs the combined use of resources and asserts in a strategy to be to construct the means of living according to  (Mumin, 2017).Many studies has shown that irrigation have boost total output of farm production due to a number of reasons.  The areas through which irrigation has contributed massively to livelihood includes expansion of farm size, multiple cropping, employment creation, income generation, extension delivery, drop in food prices among other benefits, (Issahaku, 2018).
[bookmark: _Toc118764424][bookmark: _Toc127797570]2.1.4 Siltation
Irrigation has been acknowledged globally to be the largest important user of water from dams and reservoirs. As a natural consequence to this positive development, irrigated land area is also reported to be increasing at a rate of about 30% per decade (Qamar and Gopal, 2017). Unfortunately, sedimentation is a key phenomenon in all reservoirs that cannot be avoided whilst uncontrolled sediment materials that finds its way into reservoirs limits storage in reservoirs, thereby mitigating against the key component of modern water supply methods. Sediment accumulation in a reservoir do not only decreases the storage in reservoir capacity but also its depth, and useful life as well as its functions (White 2001, Wang et al., 2018). As most reservoirs are increasingly losing their depths to siltation and gradually approaching the end of their original design useful life, sedimentation assessment is becoming more relevant an issue in reservoir operation and management especially in developing countries with the threat of climate change at hand (Adongo et at.; 2019)
The process by which water in a reservoir becomes polluted as result of fine mineral particles in the water may be described as siltation. It is also the accumulation of sand, mud and other material particles found in reservoirs. It’s widely known that any water containing silt is turbid in nature and may require treatment before usage. The settlement of loose sand, silt, clay and other soil particles at the bottom of water on the other hand is sedimentation and it comes from either soil erosion or decomposed fauna and flora (Zezekwa, 2017). These particles are carried by run-off water, wind, ice into dams and other surface water resources. Sedimentation, on the other hand, is the process by which loose soil particles such as sand, clay, silt, and other soil particles settle to the bottom of a body of water. Soil erosion and plant and animal breakdown are both sources of sediment. These particles are carried to rivers, lakes, and streams by wind, water, and ice. Siltation is sometimes referred to as sediment pollution, which is an unfavourable term because it can refer to both a chemical contamination of sediments accumulated on the bottom and pollutants bound to sediment particles. Siltation is the preferred term because it is unambiguous, even if it isn't completely accurate because it includes particles of different sizes than silt. (Zezekwa, 2017).
[bookmark: _Toc118764425][bookmark: _Toc127797571]2.1.5 Food security for small holder irrigation farmers’ households
An account by (Gadisa, 2016) shows that food security exists when people can access enough food for their consumption at any time at any given period to improve their dietary needs, production and overall health. He goes on to say that emergency food supplies, scavenging, thieving, and other coping tactics in a specific setting are all basic characteristics of insecurity to be mindful of. ( Paul et al., 2013), revealed from their investigation that, food security refers to the minimal availability of nutritious food free of infections that might cause diseases, as well as the consumer's ability to obtain acceptable food in a community without requiring emergency assistance. The most widely accepted definition of food security is that of (Result ,2016) who defines it as people's ability to have sufficient food at all times in order to improve their active healthy lives. This concept aims to assure food production while also taking availability into account: individuals must be able to obtain food for consumption at any time in their surroundings People in these communities should be able to survive on the amount of food that is available in their area. Food production, distribution and consumption must all be consciously monitored to reduce the effects of food security. Food production refers to the availability of sufficient food for consumption at the family, district, and regional levels. Food distribution refers to an individual's ability to obtain any food produced within their social context. Consumption is concerned with people's food dietary needs or satisfaction from freely available food in the environment in order to keep people active and healthy. This need must also be environmentally friendly.
The focus on households and how they maintain long-term food security is one of the most important implications of these definitions. It includes how households generate food, store it, process, and preserve it in order to reduce the number of coping techniques used to deal with shortages. It’s however paramount to recognised that the major components of food security sustainability in households includes three essentials’ components, namely
(1) Food Availability in the household: the sufficiency nature of the food at all time, 
(2) Quality of the food available for the household or access to the food
(3) Food Utilization in the households including the type of food and diversity of the diet (WFP, 2015).
Food security is the result of a complex interaction of micro, macro, and meso-scale forces. It also has to do with the establishment of policies and programs in all sectors of the food system, so ensuring sufficient production, distribution, and access to food is critical to any country's national food security position (Monnah, 2013). He goes on to say that the necessity for households to care for the vulnerable in society is critical since it affects the household's health. If farming households could minimize the rate at which they spend on the health of their members, they could save, educate themselves, and diversify their businesses (Bashiru, 2013). (Mohammadzadeh et al., 2020), acknowledged that several household farmers more particularly the non-educated are coerced into the informal sector notably, food vending, petty trading, illegal mining, as well as small scale farming as a result of their lower educational background, low levels of skills but with a huge responsibility of caring for their families.
[bookmark: _Toc118764426][bookmark: _Toc127797572]2.2 Theoretical frame
Two theories were reviewed in this research, thus;
 (1) Environmental Possibilism Theory and;
(2) Complex Adaptive Systems (CAS) Theory,
[bookmark: _Toc127797641]Fig.2.1 Environmental Possibilism theory
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Source: Adopted and modified from (Awotwi et al.; 2019).

 As demonstrated in Figure (2.1), in the ideal situation, consumers will prefer the water resource in Fig. (2.1a) as compared to Fig. (2.1b) in River Pra with the ‘Water balance effects’ attests to the fact that very little or no treatment may be required for water resource in Fig. (2.1a)  to be used for domestic purposes, industrial, aquaculture or irrigation.
 Again, a stable political environment globally has always been a key determinant of social development since it creates conducive atmosphere for researchers and academia to reflect on the needs of society and carry-on investigation to come out with practical solutions for stakeholders to implement for the general good of society. For instance, the Centre for Scientific and Industrial Research (CSIR), the Savannah Agricultural Research Institute (SARI) and Universities in Ghana carry series of studies endlessly as the environment evolves to better the lots of Ghanaians because we have a safe and peaceful political environment. The same cannot be said about Afghanistan, Syria, Mali and Guinea at the moment (Kazimierz et al.; 2021).
Environmental possibilism theory has the conviction that human can change their environment or overcome it through the application of science and technology to transform the environment in whatever way that best serves their interests. Hence, the apparent polluted water as shown in (2.1b) may be useful and productive in diverse ways with application of science and technology through industrial purification process.  It emphasizes human alteration of the environment and, as a result, ignores the majority of the ecosystem's naturally given resources. Environmental Possibilism is the polar opposite of determinism, emphasizing man's ability to choose the pattern of his behaviour on the planet. A research by (Neeraj, 2006) gave account that, man's ability to break these connections through innovation, adaptation, or pure hard work has increased. Possibilism theory asserts that, the physical environment allows for a variety of possible human responses, and that people have substantial choice in selecting among them Human beings, on the other hand, are not controlled by their surroundings, technologies, or infrastructure; they are free agents (Fekadu, 2014). Furthermore, man has altered the environment by enhancing its potential to suit his vastly increased requirements and demands. The industrial revolution, agricultural progress, technical revolution, transportation systems, communication advancement, administration, and territorial government are the most apparent and common examples in this regard. Possibilism is commonly thought to be used to disprove determinism. It contends that man is not a complete slave to his surroundings. It believes that man is not a total slave and that nature is never more than a consultant. This is not to argue that man will ever be fully free from the effects of the environment. "It is not the earth that returns to man," (Fekadu, 2014) writes, "but man finds himself ensnared in the consequence of his own system, such as habit and way of thinking." iv) Tourism Life Cycle Concept Butler (1980) presented the tourism area life cycle (TALC) as the basic premise of the proposed idea, stating that change can happen at any time and in any direction (Arohunsoro, et al; 2017),
In consent with this theory, environmental possibilism therefore encourages innovation, research and application of science and technology to add value to the environment and its abundant resources.  The introduction of technology (Multiple uses) into an environment has the possibility of changing or altering the natural biodiversity of the environment. This is because the environment with the influence of technology will change its physical looks. For instance, water will naturally be collected at depressions in an environment just as runoffs moves to low laying areas without the intervention of inhabitants within the catchment areas. The introduction of technology such as the construction of a dam turns to boost the storage of water resources for future use in times of need, reduce the rate of runoff and improve water harvesting for general irrigation purposes. The introduction of technology or interventions can either be positive or negatives due to the externalities it generates at the point of implementation and patronage. In the view of the possibilism theory, a dam infrastructure and its content are designed to boost the accessibility of water resources at the time that normal rains are non-existent for a period without major disturbance for irrigation through its distribution systems such as canals, piping, and tanks. Thus, human infrastructure such as dam as a result of population increase may attract other patrons including drawing of water for domestic and industrial purposes, aquaculture, moulding of blocks, washing of personal effects and vehicles and other stakeholders that may not have been considered or anticipated during the inception stages of the facility. These new stakeholders may turn to erode the environmental quality of the facility depending on their patronage and likely tendency of human greed. These multiple usage results in dumping of materials including car tires, metals, tubes, pumping machine parts, eroded materials, old machines, old cloths leading to formation of varied silts such as fine silt, medium silt, coarse silt and aggregate silts into the reservoir. This has the ability of occupying an appreciable space that would otherwise be occupied by water. The multiple uses of the facility reduce the environmental quality, biodiversity and subsequently decrease the volume per unit areas of reservoir. However, selfish interest by some stakeholders may result in denying all others its benefits as shown in Figure (2.1b).
The Complex Adaptive Systems (CAS) theory is relatively a new field and could be described as the name suggests as “inter-relationship, inter-action and inter-connectivity of elements within a system and between a system and its environment”.  Alternatively, Complex Adaptive Systems (CAS) are composed of several interdependent parts (referred to as agents) that work together as a single entity and have the capacity to learn from their past experiences and adjust to environmental change (Tanya Sammut-Bonnici, 2015). The (CAS) theory is going to underpin this study because it’s more suitable for this research since the area under study consists of varied stakeholders with diverse understanding of their operations and practices. For instance, whilst researchers, professional or technical institutions such Ghana Irrigation Development Authority, Water Resources Commission among others have a good understanding of siltation and its negative consequence on availability of water to the smallholder irrigation farmers and other stakeholders downstream, the beneficiaries appear to be contributing significantly in silting the schemes through anthropogenic practices though natural causes are not rule out. 

Empirical Literature
[bookmark: _Toc127797573]2.3 Causes of siltation on small scale dams 
[bookmark: _Toc118764427][bookmark: _Toc127797574][bookmark: abstractc]2.3.1 Forest Fires.
In view of a study carried in Portugal by (Terêncio et al., 2020), Forest fires have become more prevalent in recent decades. The fires, among other things, increase the soil's vulnerability to water erosion and consequently sedimentation rates. When barriers, such as dams or weirs, are present, the probability of sediment and ash deposition in reservoirs is increased, resulting in siltation. As a consequence, there is a desire to learn more about the risk of siltation of barriers and reservoirs in the Douro River watershed due to these, wildfires revealed that most reservoirs with the highest siltation risk were from small dams. The model findings were compared to stream connectivity and phosphorus concentrations in stream water (associated with the sediments that flow into the rivers due to fires). Only two reservoirs were at high risk of sedimentation owing to fires, indicating that the categories of connection risk and fire-based sedimentation risk are likely unrelated.
However, when it came to the danger of high phosphorus loadings, the upper classes for fire-based erosion risk matched with the upper classes for phosphorus loadings in eight basins, implying that high phosphorus loadings may be linked to fire-based erosion. In the light of this development, the study served as a basic but reliable example of assessing and mapping siltation risk in stream networks with several barriers. It enables researchers to detect barriers that can collect a considerable number of fine sediments and ashes, causing problems with water quality, soil erosion, and the storage capacity of minor dams (Terêncio et al.;2020).
[bookmark: _Toc118764428][bookmark: _Toc127797575]2.3.2 Gully erosions 
Water erosion is one of the most common causes of land degradation and a major danger to soils around the world (Lal, 2001; Cerdan et al., 2010; Mandal & Sharda, 2013; Zhao et al., 2013). The Mediterranean region is particularly vulnerable to erosion, with larger sediment yields (SYs) reported here than in many other parts of the world (Woodward, 1995; Vanmaercke et al; 2011; Vanmaercke et al.; 2012). This is due to the unique Mediterranean context (Cerdà et al.,  2010; Cantón et al.,   2011; Garca-Ruiz et al.,  , 2013), which is characterized by an erosive climate that affects steep catchments with poor soils and a long history of intensive cultivation, including some inappropriate farming practices (Raclot et al.,   2009.; Cerdà et al.,   2009; Laudicina et al.,  2014) The substantial soil losses seen in this region have direct on-site implications on soil sustainability and agricultural productivity (De Vente & Poesen, 2005), as well as off-site effects on flood risk and water quality and quantity (De Vente & Poesen, 2005). The rapid siltation of numerous artificial reservoirs built to alleviate water scarcity in recent decades has become a major societal issue in North African countries, as the loss of surface water storage capacity could have a significant impact on their agricultural, economic and social development (Ayadi et al.;  2010; Hentati et al., 2010; Habi & Morsli, 2011;). Predicting the key erosion processes that occur in catchments is therefore crucial for guiding the adoption of catchment-specific erosion control methods. Many authors have emphasized the importance of gully erosion as the primary source of silt in Mediterranean ecosystems. In Algeria, studies at the plot or gully scale (Roose et al., 2000; Collinet & Zante, 2005) shown that gully erosion can create 10 to 100 times more material than sheet erosion.
Similarly, when studying at the catchment scale, studies in Spain (De Vente et al., 2008) and Italy (De Vente et al., 2008) underlined the importance of gullies in limiting reservoir siltation. This feature appeared to be the primary source of sediment in all Mediterranean catchments, according to an evaluation of gully contribution to total catchment erosion. In Spanish reservoirs, for example, gully erosion provided 83 percent of the sediment and significantly dominated rill and inter-rill erosion. Similar measurements of the relative contributions of individual erosion processes at the watershed scale, on the other hand, are uncommon (Porto et al.,   2014). Existing estimates are frequently based on a small number of erosive occurrences because collecting the necessary data through extensive topographic surveys to cover the whole catchment area is difficult and time-consuming. As a result, there is a scarcity of data on how gully erosion affects sediment flows at the watershed size in the medium to long term. Furthermore, the mechanisms that underlie differences in erosive behaviour (i.e., the absolute and relative contributions of rill/interrill and gully/channel erosion processes) different catchments are poorly known. (Slimane et al.,   2016)
[bookmark: _Toc118764429][bookmark: _Toc127797576]2.3.3 Catchment Area 
The catchment area has shown to have a positive relationship with sediment loads in river channels and other surface water resources such as small-scale dams, resulting in siltation. The larger the catchment area, the more likely it is that the flood will carry a suspended load that will reach the water resources in a shorter distance without settling somewhere in the watershed (Aynekuluet et al.,   2006). As a result, the dead storage zone quickly fills up with sediment, diminishing the reservoir's useful life. There is significant interest in the way environmental changes affects catchment sediment yield (Golosov et al., 2017, de Oliveira et al., 2019; Tong et al., 2020). unresolved questions associated with the spatial and temporal changes of the factors inducing the magnitude of soil erosion and sediment yield, i.e., especially erosion caused rainfall and runoff, topography, crops, cultural practices factor and sediment delivery ratio. Besides these, the way in which these may be quantitatively associated with climate and land use changes requires attention (Yermolaev et al., 2014.  Belyaev et al., 2017; Honek et al., 2020). 
[bookmark: _Toc118764430][bookmark: _Toc127797577]2.3.4 Catchment area topography 
It is widely accepted that steep and lengthy slopes provide high flow velocity, which causes greater erosion and causes runoff to carry additional materials. In the Dominican Republic, for example, the cultivation of erosive soils on steep slopes, combined with deforestation in the Nizao watershed, has resulted in river channel sedimentation (Nagle, 2001). Although the sediment source in the headwater catchments can usually be traced to highly erodible hill slopes such as heavily used agricultural fields, the transport and storage processes in the river, which connect the hill slopes to the reservoir, are little understood and appreciated (Muller, 2007) Global land degradation due to soil erosion by runoff is an issue, (Seutloali and Beckedahl 2015, Novara et al., 2016, and Restrepo and Escobar, 2018). However, this phenomena poses a more serious threat to agriculture, particularly from an economic perspective in emerging nations (Erkossa et al. 2015, Mekonnen et al. 2016). One of the main factors accelerating the rate of erosion from mountainous to low-lying areas is runoff (Civeira et al. 2016a, b; Dutta et al. 2017; Oliveira et al. 2019). Additionally, human-induced erosion brought on by high-intensity agricultural production, mining, construction, deforestation, high population density, and a lack of coordinated ways (Amsalu et al. 2007; Mekonnen and Melesse 2011; Nyssen et al. 2015).Surface runoff flows, reduced soil fertility, nutrient loss, and land degradation were all brought on by frequent land-use changes (Buendia et al. 2016; Hassen et al. 2016; Ang and Oeurng, 2018). Numerous studies have shown how land-use changes affect the yields of surface runoff and sediment at various spatial and temporal scales (Lin et al. 2015; Welde and Gebremariam 2017; Guzha et al. 2018). To stop further soil erosion and significant sediment loads, sustainable development and proactive measures are therefore required. Siltation small reservoirs could reduce significantly if land use in catchment areas are controlled (Kolli, et al ; 2021)
[bookmark: _Toc127797578]2.3.5 Vegetative Cover of catchment area 
If the catchment area is covered in vegetation such as grass, shrubs, or forest, the soils are held together by an intricate root network that runs beneath the forest floor. It is recognised that since the forest floor holds soil to prevent soil erosion, there are lesser sediments in rivers and reservoirs. The forest canopy above the catchment area also protects it from the effects of wind and rain erosion. The main cause of sedimentation of river channels and reservoirs in Nizao was discovered in the Dominican Republic and was mostly ascribed to deforestation during the last 70 years (Nagle, 2001). Additionally, logging and mining practices can lead to erosion due to wearing off of the surface soil through surveys and excavation.  Logging could be described as the process of cutting trees, processing them, and transporting same   to a desired location for utilization (Obialor; et al; 2019)
[bookmark: _Toc118764431][bookmark: _Toc127797579]2.3.6 Agricultural methodologies 
An outcome from an investigation conducted by (Le Gall et al.; 2017), suggests that, the sharp growth in agricultural activities in Brazil has exacerbated soil erosion rate and silt accumulation in their water bodies. This is largely influenced by detachment and the movement of soil particles which is intensed by land use change and rapid growth of human activities that has created pressure in agricultural land uses (Sharma, et al., 2011; Zhao, et al., 2016). As human population is increasing globally, more strategies are being employed by farmers to increase agricultural production sometimes at the expense of surface water resources which is needed most with the threat posed by climate change. Crop cultivation loosens soil and runoff subsequently carries a lot of silt into rivers and other water bodies including dams. A considerable portion of the watershed was discovered to be under cultivation, according to (Chimanda, 2004). The soils are frequently disturbed and runoff can easily detach them (ZINWA, 2004). Overall land use and land cover change are the primary sources of significant siltation of many rivers, dams, and reservoirs. Land use and land cover spatial dimensions must be determined using remote sensing satellite data and DEM. This can be accomplished by mapping restricted forests and woods on a regular basis, thereby providing information to governments on the extent of encroachment. Land use and land cover change in Africa is rapidly accelerating, generating significant sedimentation problems in many river catchments and thus needs to be documented. This is significant because shifting land use and land cover patterns reflect shifting economic and social conditions. For coordinated activities at the national and international levels in integrated watershed and basin management monitoring such changes is critical going forward.
 A study carried out  by (Adongo et al., 2014) on siltation of the Reservoir of Vea Irrigation Dam shows that, approximately 98% of farmers in the watershed employ traditional tillage, which includes the use of mould board ploughs, disc ploughs, and disc/tine harrows to cultivate the ground. This is not a good practice for watersheds, however. It has a tendency to pulverize the soil on the surface and create a compacted layer below the ploughed depth, reducing infiltration and increasing runoff and erosion, and therefore silting up reservoirs. Conservation tillage strategies like zero tillage and low tillage help watersheds by reducing soil erosion. In addition to regular tillage, farmers near the reservoir ploughed along the slope rather than across it. This method contributes to reservoir erosion and sedimentation.
[bookmark: _Toc118764432][bookmark: _Toc127797580]2.3.7 Surface erosion 
[bookmark: _Hlk111386277]Findings from research carried by (Nde, et al., 2019), showed that , Sediment source tracing has been found to help land users understand soil erosion and sediment concerns in their communities, according to research conducted in South Africa (Foster et al.,   2007; Rowntree and Foster, 2012; Pulley et al.,   2018). This strategy has been shown to be capable of distinguishing sediment sources depending on land use, surface/subsurface and tributary/sub-catchment. In most semi-arid environments like the one investigated in this research, subsurface sources such as gullies and rill erosion have been attributed to the source of sediment. (Wallbrink & Olley, 2004) and according to (Poesen et al., 1996), this is due to the climate-induced gully erosion vulnerability of the soils in these areas. Despite significant data from other semi-arid regions across the world, the importance of gullies as a sediment source in South African, catchments have been questioned (Manjoro et al.,2017), implying that further research is needed to fully understand the role of subsurface erosion as a sediment source. Farmers can use specific information on the relative importance of surface and subsurface sources of sediment to determine the main erosion process that mobilizes sediment and plan and target rehabilitation methods. In various environmental settings, quantitative sediment source tracing has been successfully employed to identify and assign relative importance to surface and subsurface sediment sources (Walling et al., 2005; Chapman et al., 2005).
[bookmark: _Toc127797581]2.4 Sources of water for irrigation
[bookmark: _Toc118764433][bookmark: _Toc127797582]2.4.1 Ground water
Ground water or aquifer systems are described as subsurface reservoirs that interact with surface water bodies, the ocean, or both to exchange water. They recharge water by seepage from canals, rivers, and other water sources as well as percolating rains. However, they do so primarily by way of springs, vegetation absorption, and "base flow" to riverbeds and wetlands (or the sea in coastal areas). The average total outflow in an idealized, "undisturbed" environment equals the average inflow, with fluctuations indicating hydrological variability. This equilibrium is disrupted when humans take water from the environment, either through qanats (horizontal galleries that function as "artificial springs" or, more typically, by wells excavated or drilled (Molleet al., 2018)
[bookmark: _Toc127797583]2.4.2 Surface water
Surface water is a vital natural resource that is used for drinking, irrigation and many economic activities. Surface water could originate from; ice, run off from rains, rivers etc. Findings put out by Food and Agricultural Organisation (FAO, 2015) as cited by. (Tiri, et al., 2020) revealed that, irrigated land accounts for 20% of global area cultivation but produces up to 40% of all crops for human consumption. This outcome indeed attests to the fact that, irrigation is a powerful tool for boosting output and crop diversification in the agricultural sector. Undoubtedly, the reason it should be encouraged at global, regional and national through to community level policies. As a result, successive governments must defend the interests of irrigated farmers while preserving and consolidating the right to water. The emphasis is no longer restricted to increasing yields among the highest in the world, but also to ensuring the long-term viability of safe water supply services, the preservation of aquatic ecosystems, and adequate water levels to meet industrial demands. (Tiri, et al., 2020).
[bookmark: _Toc118764434][bookmark: _Toc127797584]2.4.3 Treated water for irrigation 
(Hafiz et al., 2021), posits in their study that, water scarcity is a significant issue that has an impact on global food security, especially in dry areas. Agriculture contributes for 70% of global water consumption, according to the United Nations (UN). Use of municipally treated wastewater as irrigation water and nutrient supply could be a cost-effective solution. Treated wastewater has the potential to increase soil health and minimize fertilizer usage. However, because treated wastewater is high in pathogens, organics, salt, and chloride, it may sometimes be harmful. The total dissolved salts, pH, and varying amounts of ions and cat ions are the key indicators of irrigation water quality (e.g., Na, Cl, NO3, SO4, PO4, K, Ca, and Mg). Improving the quality of treated wastewater in order to meet irrigation standards has become a must. Membrane technologies are considered to be a significant component in achieving the needed quality of treated wastewater.
[bookmark: _Toc118764435][bookmark: _Toc127797585]2.5 Siltation and its effects on Storage capacity of reservoirs
[bookmark: _Hlk111633724]An assessment conducted by Sharma, (2019) showed that reservoir sedimentation reduces the active storage capacity of reservoirs, reducing the reservoir's useful life. The harm caused by reservoir sedimentation has been documented in studies all over the world. In most developing countries, where sediment controlling measures are not carried out efficiently, reservoir sedimentation is claimed to be much higher thereby leading to significant decrease in storage capacity of these reservoirs (Ilci et al; 2019). Asthana, (2007), the storage capacity of nine Indian reservoirs is dwindling, with average yearly losses ranging from 0.34 percent to 1.79 percent. Based on the results of 23 reservoir assessments, it was established that the rate of storage loss was greater than the specified rate in 21 reservoirs and less than the designed rate in only two reservoirs. An account given by (Mitiku et al.; 2006, Haregeweyn, 2012 and Dagnew et al.; 2015) exposed the seriousness of soil erosion and sedimentation in small dams in the highland of Ethiopia and some part of the Amhara region thus: siltation, in-flows and sand take up the active storage capacity of reservoirs and is a common problem in most of the small reservoirs in the highland of Ethiopia (Shiferaw et al; 2020)
(Al‐Maktoumi et al., 2020) postulated that, siltation of recharge dam reservoir beds limits storage capacity, slows infiltration and deep percolation rates, increases water loss through evaporation, and reduces recharge efficiency to the underlying unconfined aquifer in dry climates. The investigation looked into using the Christ's thorn tree (Ziziphus spina-christ), popularly known as Sidr, to improve the infiltration rate of a silt-clogged recharge-dam bed using hydro-eco engineering. The research looks at how infiltration rates and moisture dynamics in soil tanks and pots were influenced by this native tree. Recharge dams play an important role in replenishing fresh groundwater resources in dry countries (Al-Turbak & Al-Muttair, 1989; Al-Rashed & Sherif, 2000; Bajjali, 2012). A prevalently horizontal rapid runoff in ephemeral stream channels (locally known as wadis) is re-routed to a still reservoir water body and –from it –to a slow quasi-vertical infiltration, deep percolation, and recharge to an unconfined aquifer, according to hydrological concepts. (Al-Busaid & Al-Saqri, 2015; Ghodeif, Hassan, Mokhtar, & Elkomy, 2019; Mohammadzadeh-Habili & Khalili, 2020).
Recharge dams guard against floods and if constructed in coastal areas decelerate or even reverse seawater intrusion by erecting groundwater mounds and, as a result, maintaining seaward directed hydraulic slopes in the aquifers (Al-Maktoumi, El-Rawy, & Zekri, 2016). These extra benefits of recharge dams are aided by infiltration of the stalled flow.
In order to maximize finite water supplies, dam infiltration efficiency must be kept at a catchment scale. Although recharge dams increase groundwater storage, they have a number of operational constraints that reduce their effectiveness. Siltation induced by the deposition of surface sediments after major flash floods, is one of these concerns. Siltation reduces dam storage capacity, reduces infiltration and deep percolation rates, increases water loss through evaporation, and reduces aquifer recharge, according to several studies (Devi, Prathapar & Bawain, 2014; de Trincheria & Otterpohl, 2018).This study further revealed that sediments have built up to produce a 2–3 m thick silt layer with a permeability 10 times that of the parent soil (Al-Ismaily et al., 2013; Al-Maktoumi et al., 2015; Al-Saqri, Al-Maktoumi, Al-Ismaily, Kacimov, & Al-Busaidi, 2016). The reduction of reservoir capacity due to silt deposition is one of the most common challenges influencing water resource management. In other countries, poor management, which is driven by a lack of economic resources to conduct siltation estimation using traditional methods, unintentionally exacerbates the situation. 
Sharma, (2019), opined that the most notable storage structures that have strengthened irrigation facilities in India are dams and reservoirs. Food security has emerged from advances in irrigation. In the last century, there has been meaningful progress in the construction of reservoirs throughout the world. In 1970, there were 1,527 reservoirs in operation around the world, with 152 of them being built in India (WCD, 2000). India now has approximately 4,300 reservoirs that irrigate 91.8 million hectares and serve the population in a variety of other ways (Sabeti, 2011).
Reservoirs are water storage facilities located upstream of a dam built across a river with the goal of storing water during periods when the river has surplus flow and using it during moments when the river has less flow. The dam's construction provides numerous benefits, including electricity generation and canal irrigation. In flood-prone areas, dams are frequently built to prevent flooding. By restricting the river's normal flow, the construction of a dam changes the river's natural regime. A reservoir is a huge reservoir that holds a lot of water and covers a large amount of land. Dam construction is an extremely expensive undertaking, thus as a water resource development project, all benefit cost analyses must be completed beforehand. India is home to 27 different river basins. In India, there are a total of 101 river sub-basins. India has 4566 different watersheds (CWC and NRSC), (Sharma, 2019).
Reservoir storage capacity is reduced as a result of siltation, and as a consequence, reservoirs are unable to provide the same benefits for the same period of time as they could without sedimentation. The highest level of siltation has an impact on the location of the dam's outlet structures, since it could pose difficulty with the opening and closing of these structures' gates. Sedimentation affects the effectiveness of dam machinery (Seethapathi et al.,   2008). Most semi-arid farming areas in South Africa rely significantly on Small Scale Dams (SSD) to ensure a constant supply of water. These dams have proven to be critical in sustaining growth in these areas and are used for a variety of purposes including cattle and wildlife watering, irrigation, recreation, and household use. In general, small agricultural dams increase local residents' income and help to ensure food security (de Venot and Krishnan, 2011; Chihombori et al., 2013; Fraiture et al., 2014). Small Scale dams’ (SSD) socioeconomic significance is however, largely dependent on their ability to store water (Michalec, 2015). According to Boardman et al., (2009), the rapid accumulation of sediment in farm dams poses a serious threat to rural livelihood. Most (SSD)s in some parts of South Africa have devolved into simply sediment traps, thereby limiting the volume of water retained and the dams' practical life span. The ongoing erosion of farm dam storage capacity is a strong indicator that comprehensive methods to address the issue are required.  (Nde et al., 2019)
[bookmark: _Hlk111387186]The annual loss of storage capacity due to reservoir sedimentation is estimated to be between 0.5 and 2 % worldwide (Issa et al., 2015). An investigation conducted by Adwubi et al., (2009) found four small reservoirs in Ghana filling up at a rate of 1.75% per year with sediments. Sediment accumulation in a reservoir reduces the depth, storage capacity, and useful life of the reservoir, and also interfering with its functions (White 2001, Wang et al.,   2018). Sedimentation evaluation is becoming an increasingly significant concern in reservoir operation and management as many reservoirs rapidly lose depth due to sedimentation and reach the end of their original design useful life (Doyle et al.,   2003, USACE 2017). In Ghana, there are no facilities for flushing sediment out of dam reservoirs (Namara et al.,   2011). Large volumes of catchment silt are easily transported and deposited into reservoirs, owing primarily to inefficient land use practices (Adwubi et al.,   2009). Furthermore, despite large sediment inflows into reservoirs, routine desilting or dredging for capacity restoration is not done in Ghana. Several patches of islands and weeds can be visible in some reservoirs, indicating that sedimentation has occurred. However, data on their depths, storage capacities, water surface areas, sedimentation rates, and actual practical life span after many years of operation is lacking. As a consequence, this study was conducted to evaluate reservoir sedimentation and its consequences on a number of irrigation dams in northern Ghana. The study focused on nine reservoirs: The Northern Region's Bontanga, Golinga, and Libga reservoirs; the Upper East Region's Gambibgo, Tono, and Vea reservoirs; and the Upper West Region's Daffiama, Karni, and Sankana reservoirs (Baffour et al.,   2019)
[bookmark: _Toc118764436][bookmark: _Toc127797586]2.5.1 Effects of siltation on irrigation productivity 
Undoubtedly, numerous research has been conducted globally, continentally, and locally on effects and other challenges outlined on siltation with regards to hydro power generation, conveying systems on irrigation such as canals, recreational infrastructure, and siltation on both closed and open water distribution systems on various projects and schemes at various locations worldwide. Investigation accounted by (Rosas et al., 2020), showed that numerous studies points to the facts that while economic activity, the hydropower sector, and the global population continue to grow at a rapid pace, the global water storage capacity of hydroelectric reservoirs decreases each year (Palmieri et al.,2003). As a result, to ensure the hydroelectric infrastructure's estimated usable lifespan for future generations, sustainable reservoir and water resource management is required. By the year 2080, around 80% of Europe's reservoir volume will be filled with sediments, and by 2060, about 60% of North America's reservoir volume will be filled with sediments (Hauer et al., 2018).
Similarly, a rise in sediment production owing to global warming will have an influence on the hydropower business in the near future (Hauer et al., 2018). Large dams impede water flow and sediment transport, resulting in sediment deposition in river's middle and lower reaches as well as inundation of neighbouring areas. Sedimentation in reservoirs may increase compression stresses on the dam structure, surpassing the typical hydrostatic design, and decreased reservoir water storage and clogged water intake further impede energy generation (Morris et al., 2008; Annandale, 2016). In this regard, the World Bank recommended a reservoir infrastructure life cycle management strategy, with a particular focus on the economic evaluation of sediment management (Palmieri et al., 2003). It emphasized approaches for reducing sediment input, managing and evacuating sediments from reservoirs, and replacing lost reservoir storage.
Also, a study conducted in India on the effects of siltation revealed that, dams and reservoirs are extremely expensive to build, and the development of reservoirs has resulted in the submergence of a significant area, resulting in the loss of flora and fauna in that area. Sediment build up in reservoirs can disrupt the operation of water intake structures and cause mechanical issues. If the silt from the reservoir is not removed, it will flow into the canals and may accumulate there, producing issues in the canal system and overflowing circumstances. The large amount of water stored in the reservoirs is used for a variety of purposes, including water supply during dry seasons, electricity generation, irrigation, navigation, and recreation. Reservoir siltation reduces reservoir storage capacity, preventing reservoirs from delivering the desired benefits. Furthermore, siltation hinders the efficient operation of water delivery systems', opening gate structures at times of necessity, while the sedimentation process impairs the effectiveness of dam machinery. (Seethapathi et al.; 2008).  The annual monetary loss caused by sedimentation in reservoirs in the United States of America due to reduced storage capacity is estimated to be around $100 million (Julien 1995). The overall storage volume of Austin Reservoir, Texas, dropped by approximately 41.5 % between 1893 and 1897. The capacity of the new Lake Austin, Texas has declined by 95.6 % in thirteen years. The capacity of Algeria's Habra reservoir has decreased by around 58 percent over the last eighteen years. The capacity of Taiwan's Wuchieh Reservoir has decreased by 98.7% in 35 years. In the case of irrigation systems, silt canal's bed level to rise, lowering its capacity and, in some cases, flooding the canal's surroundings and subsequently preventing water from reaching the desired fields as planned. The river's regime is affected by sediment deposition near the reservoir's entry, which creates a delta, which can result in braided river patterns. These structures exacerbate river erosion and depositions, weakening the banks even more (Yu et al., 2009). Again, sedimentation process in reservoirs raises water turbidity, which has negative consequences for the ecosystem, such as deteriorating water quality and reducing fish visibility. The backwater profile of the dam changes due to sediment deposition on the upstream side of the dam and more area of surrounding land are submerged as compared to the area of submergence without sedimentation. (Sharma, 2019)
Siltation is the most difficult of all reservoir concerns because it alters the limnological qualities of water. It also degrades water quality, quantity, and faunal assemblages, degrading a reservoir's functions. Physicochemical and biotic indicators were used to measure siltation in the Agba reservoir in Ilorin, Nigeria. When compared to the reservoir's original depth, there was a considerable reduction in depth. The water had low transparency and high turbidity, especially during the rainy season; the pH was slightly alkaline, and the water hardness was soft. Siltation is gradually destroying the reservoir's aesthetic value, tourist, drinking water, and fishery services, and if not regulated, the reservoir could be changed into a marsh in a few years. Watershed management can limit siltation in the reservoir by controlling soil erosion, stopping anthropogenic activities that bring in sediments, bypassing the reservoir to construct a sediment basin or dike, sluicing, dredging, flushing, excavation, and hydro suction. If all of these measures fail, the reservoir should be decommissioned. (Mustapha et al.; 2021)
[bookmark: _Toc127797587]2.5.2 The effects of siltation on small holder irrigation farmers’ livelihood
China has the most reservoirs than any country on the planet. It   has 98,002 reservoirs with a total capacity of 932.3 billion m3. This is the equivalent of one fifth of the total river runoff in the country. Reservoirs in China play a critical role in providing clean energy, maintaining regional ecological balance, ensuring adequate water supply and preventing floods. China, on the other hand, is the country with the most serious reservoir siltation problems. China's reservoirs have an average yearly siltation rate of 2.3%, and the annual siltation loss capacity is equivalent to a super-large reservoir with a capacity of 10 billion m3. Reduced reservoir functionality, safety, and overall advantages have been a bottleneck in China's economic and social development in recent years. As a result, it's crucial to keep the country's precious reservoirs from silting up, as well as maintain reservoir storage capacity and aggressively conduct reservoir siltation rescue measures (Hu et al., 2018). In order to extend the service life of reservoirs, partial siltation cleaning and recovery of storage capacities have become a priority. Various functions that will improve and promote the long-term use of the reservoirs should also be implemented. (Hu et al., 2018) using survey data from 572 rural families collected in China's Fujian, Henan, and Sichuan provinces, they added to the current literature by assessing the effects of irrigation availability on rural incomes (measured by both farm and household income) and income diversification. The correlation between irrigation access and rural household economic performance in China is an interesting case study. This is because China has invested heavily in irrigation infrastructure construction and maintenance in recent decades, resulting in significant increases in cereal yields and rural household income, as well as a reduction in rural poverty (Huang et al., 2006.; He et al., 2020;). However, nearly 60% of China's cropland is still cultivated in water-scarce or inadequately irrigated conditions (NSBC, 2018). Understanding the impact of irrigation access on rural incomes and income diversification in light of this context can help to highlight the importance of prioritizing irrigation policies in order to promote rural economic development.  Reservoir siltation and other related issues are attracting a lot of attention these days as a result of the aging of water-storage facilities especially in North America and Europe where most dam construction took place between the 1940s and the 1970s ( Paolo Espa et al.,2019). Simultaneously, existing understanding of hydrological and geomorphologic changes caused by river damming as well as increased expectations of environmental betterment is driving demand for managed sediment regimes in river systems with flow management. Sediment flushing can help with siltation storage while also conserving downstream sediment circulation through dams, at least for the small components. (Espa et al., 2019).  
A study conducted in Morocco on siltation opined that, dams were first used to control water levels and the water was gradually stored and used for a variety of purposes around the world, including irrigation, human consumption, industrial use, aquaculture, and navigation. More dams and reservoirs are being constructed today as a result of growing population and industry (Elmouden et al., 2016). Dams are a must in the arid and sub arid climate that covers much of southern Morocco to mitigate climatic changes and human pressure on water resources. For over 80 years, Morocco has prioritized the construction of large scale dams but the trend has changed recently and the country currently has 130 large scale dams and 200 small scale dams, respectively. Furthermore, the hydraulic department's overall strategy includes a goal of 1,000 small scale dams as research points to the importance of small scale dams in the localities where these facilities are sited (Elmouden et al., 2016). 
Rural poverty was reduced, and household income rose as a result of irrigation, demonstrating the many ways irrigation can have an impact on poverty. According to the Food and Agriculture Organization of the United Nations (FAO), food output from irrigated regions will need to increase from 35 percent in 1995 to 45 percent in 2020 in order to meet global food demands by that year. These positive livelihoods change notwithstanding, siltation can pose threat to aforementioned benefits. In order to address the demands for food security, employment, rural transformation, and poverty reduction, irrigated agriculture is becoming more and more crucial. The most urgent goals for Ethiopia are to increase agricultural output, make it possible for households to make more money, boost their resilience, and change their way of life (Mango et. al;2018). (Li et al., 2020), posits that, improved irrigation infrastructure can help smallholder farmers get more water. Water access, in turn, has a direct impact on agricultural production, these include; seedbed preparation, germination, root growth, fertilizer absorption efficiency, and crop growth as well as farm economic performance in areas such as crop yields and farm income. (Kajisa and Payongayong, 2011; Schuenemann et al. 2018; Wang et al. 2019, Li et al. 2020; Silveira et al. 2020). As a result, increasing irrigation infrastructure construction is seen as a potential to substantially enhance rural communities' livelihoods. Again,( Charles et al., 2021) revealed that , agriculture is the single largest user of freshwater on the world, accounting for 70% of withdrawals but (up to 90% in developing nations), therefore a water scarcity will have major ramifications for food production, potentially forcing some of those countries to rely on food imports Water demand in third world countries is estimated to increase to 27% by 2025, while real irrigation water usage is expected to fall short of this demand .Evaporation and waste account for more than half of the water extracted for agriculture Water extraction and irrigation systems in both the public and private sectors are inefficient, resulting in inefficient use of this limited natural resource. Water wastage triggers more extraction. Smallholder irrigation farmers can undertake dry season farming and supplementary irrigation during dry spells in the rainy season with good water storage infrastructure and SSI technology, avoiding crop failure and allowing higher yields than relying solely on rainfall (Evans et al., 2012; FAO, 2012). Small reservoirs provide significant benefits during the dry season (Balana et al, 2016).
 Over the last three decades, small reservoirs have become increasingly popular as a means of developing small-scale irrigation (Venot and Krishnan, 2011). Besides irrigation, SRs have a variety of other usage, including livestock watering, building, fishing, and household use. Small reservoirs are normally owned and maintained by Water Users' Associations (WUAs), though they can also be owned and managed by individuals (Namara et al., 2011; Namara et al., 2014). Changes in land use, such as irrigation and urban settlement, can potentially affect the distribution and availability of freshwater resources, as various studies for the Aral Sea (AS) basin in Central Asia (CA) have demonstrated. As a result, assessing the effects of climate and anthropogenic changes on the change status of water in the Aral Sea basin is crucial for effective water administration and management in the future to ensure freshwater resource sustainability (Berdimbetov et al., 2020). 
Acheampong et al., (2018) indicated that, Northern Ghana has a number of small reservoirs that can be used for a variety of purposes. Many of the present small reservoirs were built by various donor agencies and government of Ghanaian since the country's independence in the 1960s to provide water for irrigation and improve dry season farming among smallholder irrigation farmers.  Records from (GIDA office, Wa, 2021) showed that, the Upper West Region has 80 small scale dams made up of both functional and non-functional ones that require rehabilitation. This figure however excludes dugouts which are also found in the region.  Annual report by the Ghana Irrigation Development Authority Regional (GIDA) office, Wa, suggests that, siltation is gradually reducing the economic gains made by small holder irrigation famers in the region. This is largely induced by upstream agricultural practices, human settlement with catchment areas, dumping of waste into the dams and dug outs, washing of vehicles and among other practices. These practices if not check immediately could deprived many people who largely depend on irrigated agriculture in the long dry season to supplement their income from the rain fed agricultural production in order to get a descent livelihood throughout the year. (2021)
[bookmark: _Toc118764437][bookmark: _Toc127797588]2.6 Small scale dam as an empowerment resource for small holder irrigation farmers 
Previous generations before us understood the necessity of irrigation as we do today, perhaps even better in this day and age as knowledge and technology is expanding rapidly. Irrigation has always played a critical role in agriculture, helping the world to keep up with a growing population and its soaring food demands (Kadiresan et al., 2018).  The evolution of our societies and the food production that sustains them would not have been practical without the innovation and adaptation of irrigation to deliver water to where it is needed most. From the aqueducts of Rome in Italy to the ancient irrigation systems of China and Egypt, addressing water management challenges of the time has always been influenced by human history. Again, Millions of poor farmers were lifted out of poverty and starvation as a result of the Green Revolution which principally relied on irrigation. Irrigation has therefore remained a priority globally both in the developed and developing nations. It has also contributed to Asia's rapid socioeconomic development, (Kadiresan et al., 2018). (Mauser, et al., 2018) has indicated that, Agriculture is by far the most singular water-intensive industry since it consumes about 69 % of total global water withdrawals from rivers, lakes and ground water (blue water). Over the last 50 years, irrigated areas have nearly doubled and now constitute about 20% of all harvested land on the planet (FAO, 2016b)
Past research has demonstrated that small-scale irrigation technologies can boost productivity and income. In the view of (Xie et al., 2014), small-scale irrigation has the potential to boost agricultural output by at least 50%, with smallholders earning the majority of the financial gains. In the opinion of  ( Lipton et al., 2003), irrigation increased productivity by reducing crop losses due to the scarcity of water, allowing cultivation throughout the dry season, and facilitating crop production in areas where rain fed agriculture is not feasible. Farmers in Nigeria saw 65 to 500 percent increases in yields per hectare as a result of a project that installed 50,000 tube wells with an average return on investment of close to 40%. (Burney & Naylor, 2012). In Malawi, treadle pump irrigation increased income per hectare by more than 500%. (Mangisoni 2008). Irrigation enables farmers to participate in market-oriented production, leading to greater agricultural income. 
As pointed out by (Passarelli et al., 2018), in the face of climate change and population growth, irrigation expansion has been seen as a feasible strategy for ensuring food and livelihood security. While only 4% of sub-Saharan Africa's cultivated land is currently irrigated, the region's irrigation potential is vast and investments are rapidly increasing (Giordano et al., 2012). Donors and governments have hitherto focused on irrigation investments on large-scale irrigation schemes but evidence suggests that investments in small-scale irrigation will provide the highest paying and long-term sustainability (You et al., 2011, Xie et al., 2014). A small-scale irrigation technology has been shown in previous studies to increase income and also has the potential to increase agricultural yields by at least 50%, with the majority of the income benefits going to smallholders. 
[bookmark: _Hlk111385487]Policy analysts, governments and agricultural economists in developed and developing nations have given increasing attention to the construction of irrigation infrastructure in rural areas from the standpoint of sustainable agricultural production and rural development. Irrigation development has been shown in a multitude of studies to improve agricultural economic performance and household welfare (e.g., Weligamage et al., 2014, Schuenemann et al., 2018; Li et al., 2020; Silveira et al., 2020;). Dillon (2011a) found that greater irrigation access boosts household spending and asset formation in Mali, while Foudi and Erdlenbruch (2012) discovered that irrigation improves farm economic performance in France by boosting maize yields and crop quality. Both (Huang et al., 2006) and Schuenemann et al., 2018) revealed that irrigation development has a positive and significant influence on cereal crop yields, household income, and poverty reduction in China and Malawi, respectively.
[bookmark: _Hlk111385060](Berdimbetov et al., 2020) revealed that, water resources are critical to the global economy, particularly in terms of a country's socioeconomic growth. Dams which are also sources of water are structures built across streams, springs, or rivers that are made up of numerous shapes. Dams serve as a tourist attraction, providing jobs for the unemployed, a rich source of fish and a backup in times of drought. A dam also generates power from nothing more than the flow of water via its turbines, which generates electricity. Dam developments are generally considered as critical to economic solutions in Nigeria, as they are in many other regions of the world, through hydroelectric power delivery. Weirs, rock fill, and concrete gravity structures are the most common hydraulic structures built over rivers, streams, and springs. (Youdeowei et al., 2019).Irrigation development may also have an impact on household income diversification by impacting agricultural and non-farm activities. Farmers who rely on cereal crop cultivation as their primary source of farm income may shift to the cultivation of both grain and cash crops (e.g., vegetables, fruits, and tobacco) as a result of improved irrigation availability, reducing the economic risks associated with farming a single crop. According to previous research, cereal farmers who have access to irrigation are more likely to switch to high-value cash crops (Huang et al., 2006; Van Den Berg & Ruben, 2006, Burney & Naylor, 2012). Irrigation development may also result in a shift in household labour. Irrigation development helps to enhance production efficiency, which saves agricultural labour that can be transferred to off-farm activity to obtain additional revenue (Kajisa and Payongayong, 2011 and Weligamage et al., (2014). Income diversification is becoming increasingly popular in emerging countries as a viable risk management technique (Johny et al., 2017). Understanding the relationship between irrigation availability and revenue diversification is critical since farmers in developing countries are increasingly reliant on income diversification for risk management.
(Balana et al., 2020), revealed in their research that, small-scale irrigation (SSI) technology can be used to boost crop productivity and income while also acting as a feasible climate mitigation strategy. The economic feasibility of SSI technologies and their potential to improve income and nutrition of smallholder farm households were examined using a farm simulation model (FARMSIM) and data from selected SSI technologies piloted in northern Ghana under the ‘Feed the Future-Innovation Lab for Small Scale Irrigation' (ILSSI) project. Furthermore, economies in the region (SSA) are usually susceptible to climatic variability as a result of this. Climate-smart agriculture is described as "agriculture that sustainably increases productivity, enhances resilience (adaptation)/removes greenhouse gases (mitigation) where possible and enhances achievement of national food security and development goals," according to the Food and Agricultural Organization of the United Nations (FAO).  Food security and development are identified as the primary goals of climate-smart agriculture, with increased production, adaptation, and mitigation as the three interconnected pillars required achieving this aim. Improved land and water management techniques, as well as other sustainable technology, can help smallholder farmers in SSA attain the aforementioned aims. Improved water management in agriculture through the use of small-scale irrigation, improved crop types, fertilizers, and other creative approaches more suited to their local conditions are just a few examples of these technologies. (Ndengu et al., 2018).
Water consumption is anticipated to rise as irrigated regions expand (Neumann et al.; 2011). Climate change is believed to reduce agricultural water availability in some localities (Strzepek and Boehlert, 2010). The low irrigation efficiency of common irrigation techniques such as sprinkler and flood irrigation (Evans and Sadler, 2008), the unsustainable use of scarce resources such as groundwater (Wada et al., 2014), changing river regimes (Döll and Schmied, 2012), and changing snow melt supply (Mankin et al., 2015; Prasch et al., 2013) highlight the need for a transition to more sustainable irrigated agriculture. The United Nations Sustainable Development Goals (SDGs) acknowledge the need of ensuring food security and land use conservation (UN, 2016). Detailed worldwide information on irrigated areas at high resolution is necessary for better inventorying and analysis of global and regional water cycles as well as input for crop models. 
Findings from (Kirby ,2017), posits that; irrigated agriculture is Pakistan's primary source of food production, since it provides more than 90% of the country's wheat, as well as the primary feed for milk production and a substantial percentage of the feed for meat and cattle (FAO, 2015). Despite this success made particularly in wheat crop production through irrigation as reported by the World food Program in 2014, more than half of Pakistan's population consumed less than the optimum caloric intake of 2100 calories per person. Account from  ( Ahmed and Farooq, 2010) points that, despite significant improvements in the food supply in recent decades, the average per capita daily consumption has remained stable at around 2400 kcal since 1990, malnutrition is still widespread, and access to food is unequal across the population (Khan & Shan; 2011.; Hussain & Routray. 2012). One can only deduce without hesitation that an increase in irrigated infrastructure can deliver better than the current considerable gains made in Pakistan. 
(Passarelli et al., 2018), empirically showed that, irrigation interventions and evaluations, as (Domènech ,2015) pointed out , are rarely designed to address nutrition outcomes.( Alaofè et al., 2016) also  revealed that villages receiving a solar-powered drip irrigation intervention produced and consumed more fruits and vegetables, had higher income, and spent more on food, education, and health care than control villages. Other research into the link between irrigation and nutrition has revealed that irrigation is associated to a reduced chance of stunting (height-for-age z-scores) and more nutritional diversity in the home (van der Hoek et al., 2002, Benson 2015;). In India, (Bhagowalia et al., 2012) found a positive relationship between irrigation and nutritional variety as well as irrigation and crop diversification. (Kibret et al., 2014), on the other hand, found increased malaria transmission in irrigated areas in Central Ethiopia and indicated that efficient canal water management could help to mitigate this health risk, despite the positive gains in food production and reduction of malnutrition. Interventions aimed at boosting agricultural water availability have a lot of potential for improving nutrition through increasing food production, generating income, improving water access, sanitation and hygiene conditions, and enhancing women's empowerment.
(Mhembweet al., 2019) carried an investigation with a prime focus on the role played by Small Scale Schemes (SSS) as means of enhancing food production and simultaneously reducing poverty among SHF in Shurugwi District. The study's primary goals were to assess the state of irrigation schemes in the district, analyse the need to rehabilitate small-scale irrigation schemes, evaluate initiatives aimed at reviving irrigation schemes, determine the benefits that smallholder farmers can generate from small-scale irrigation schemes, and discuss challenges faced by smallholder farmers in the rural areas. The team argued that, Irrigation systems are an important policy tool for many African governments in their efforts to alleviate poverty and increase food security. Such a policy option has a significant impact on rural communities' livelihoods, as agriculture is their lifeblood (Gebrehiwot, Mesfin & Nyseen 2015). (Muzerengi and Mapuranga, 2017) also point out that small-scale irrigation programs were established primarily to enhance agricultural production in many less developed nations, particularly in Africa. Furthermore, these programs were designed to lessen farmers' reliance on the unpredictability of African weather (Muzerengi & Mapuranga 2017). As a consequence, the restoration of small-scale irrigation schemes for farmers promotes economic transactions while still enhancing community livelihoods, wealth and infrastructure (Christine et al., 2008). As a result, it is obvious that the restoration of irrigation schemes in Africa boosts food security and improves rural citizens’ quality of life (Hussain & Hanjra 2014). 
A study carried out by Moyo et al., (2017) also revealed, that irrigation schemes have a multidimensional role in ensuring food security. Small-scale irrigation systems are crucial common property resources in Zimbabwe, especially in semi-arid regions, for increasing crop water availability in the fields and sustaining lives. The study further found that, rainfall in semi-arid areas is unpredictable and unreliable for dry season farming (Moyo et al., (2017). Irrigation has the capacity to boost food security and nutrition outcomes where they are most needed. Early childhood wasting is more prevalent in Sub-Saharan Africa's dry and semi-arid zones, where agricultural water management is extremely significant for food security and nutrition (Azzarri et al, 2016). From the Sustainable Development Goals, the global development agenda is shifting to more integrated approaches geared at getting maximum goals across sectors. Furthermore, irrigation schemes for smallholder farmers in Zimbabwe are considered to be a mitigating technique, particularly during droughts and mid-season dry spells when crops are severely harmed by moisture stress (Chazovachii 2012). Thus, irrigation can help farmers increase agricultural production year-round.  Subsequently, it can be appreciated that, irrigation development and restoration of small-scale irrigation projects are aimed to contribute to provide food security and income for small holders’ farmers in the communities. It’s also worth noting that Zimbabwe has three types of small-scale irrigation schemes: those managed by the government, those managed by individual farmers, and those jointly managed by communities (FAO 1996) as cited by (Moyo et al., 2017). In the view of (Burney et.al, 2012), small scale irrigation farming in Sub Saharan Africa involves a wide variety of practices. Simple technologies are used to access water for small scale irrigation. Small scale irrigation is a vitally essential novel technique in Sub-Saharan Africa smallholder agriculture   because it has   proven to raise agricultural production, the small holder irrigation system is also resilient to climate variability and change and more importantly creates attainment of households’ food security and national developmental goals (Kamwamba-Mtethiwa et al; 2016). 
Irrigation schemes in the northern part of Ghana play a significant role in improving and sustaining the livelihoods of the people in the area as they are provided with mostly small scale dams and reservoirs for irrigated agriculture to ensure all year round production of crop during the long dry season of 7 – 8 months (Adongo et al; 2018). Small scale irrigation farmers in Upper East Region earn a net return of USD109 and USD53 for plots of 0.5ha of tomatoes and onions respectively (IFAD; 2006) as cited by (Kpieta et al., 2013). Taking into account the prevalence of poverty in Northern Ghana, these small dams site activities help in reducing poverty and out migration in the long run. This assertion can relatively be attributed to their counterparts in the Upper West Region where small scale dams are sited. Consequently, these small dams are found to have positive impact on the generality of these beneficiary farmers especially in areas of better nutrition, increased income and improved hygiene (Boelee et al., 2009). The Net effect of the small scale irrigations dams is to curb youth out-migration in the Northern Regions of Ghana (Kpieta et al., (2013). Irrigation water resources are to be used both productively and efficiently, irrigation expansion must be coupled with investments in efficient enhancement. Efficiency can be increased by adopting high-efficiency irrigation technologies for by improving water management for example, through upgrading water-delivery infrastructure and strengthening institutional mechanisms such as groundwater governance, farmer-led irrigation management, and water-user associations. Generally, there is significant number of dams constructed by the state through its agencies whilst other small scale dams and dugouts are constructed by Non-Governmental Organizations and other development partners but in most cases the main beneficiaries of these schemes have been indigenous household irrigation farmers as common pool resource in the respective communities. These include; Plan Ghana, Ghana Social Opportunities Project (GSOP) by world bank (GIDA, Upper West report, 2016).
[bookmark: _Toc118764438][bookmark: _Toc127797589]2.7 Mitigation Measures on Small Scale Reservoir Siltation
An investigation conducted on mitigation in Slovakia on reservoir siltation by (Výletaet al., 2020), demonstrated that, available water sources are frequently unevenly distributed in terms of distance from where they are needed, as well as capacity and end-user demand. Water reservoirs have become a natural feature of our environment, serving a wide range of services which include flood control, irrigation, water supply, hydropower, recreation). The operation and management of water reservoirs is a huge undertaking, especially from a technological one. The reduction of available storage volume and the shortening of reservoir life-span due to silt deposition is one of the key issues with their operation (Krasa et al.; 2005. Kondolf et al., 2014; Dutta, 2016), the sediments are typically derived from nearby agricultural land, which has become extremely fragile in many parts of Slovakia as a result of extensive large-scale agriculture and deforestation (Stankoviansky et al., 2006, Hlavová et al., 2019).
Although water reservoir sedimentation cannot be completely eradicated, it can be reduced through different erosion mitigation techniques in their catchments and appropriate agricultural practices on land surrounding the reservoir. Excess sedimentation has a negative impact on the water quality of a reservoir and the biodiversity of aquatic and riparian ecosystems, in addition to reducing available storage volume and other related reservoir functions (Annandale, 2005; Verstraeten et al., 2006). It is essential to monitor the dynamics of reservoir sedimentation in order to extend the life of reservoirs and maintain their operations at the same level of efficiency.
This could be accomplished by conducting periodical bathymetric surveys to update data on reservoir storage volume and determine the thickness of deposited silt at various locations within the reservoir. Such data can be utilized to propose effective erosion mitigation methods, update maintenance and operational plans, and make strategic decisions by the firms concerned such as agriculture, hydropower and manufacturing. Direct reservoir bed measurements are one of the most accurate approaches especially beneficial for small and medium-sized reservoirs. From significant studies carried out, direct measurement has been identified as one of the ideal tools for silt measurement in reservoir (Merwede, 2009; Ceylan et al., 2011) and in Slovakia (Kubinsk et al.; 2015; Hlavová et al., 2018; Valent et al.,.2019, Honek et al.., 2020; Németová et al., 2020).
[bookmark: _Toc127797590]2.8 Monitoring and Measurement of silt in reservoir
An account by ( Kazimierz et al.; 2021) revealed that, catchment sediment budgets and sediment yields have garnered considerable attention in recent years, because of their environmental relevance and the need to increase our understanding of the physical processes involved in order to make more accurate projections (Parsons, 2012; Porto and Walling, 2015; Luetzenburg et al., 2020). There's also a growing interest in how environmental changes affect catchment sediment output (Golosov et al., 2017, 2018; Hlavcova et al., 2018; Adhami et al., 2019; de Oliveira et al., 2019; Pavanelli et al., 2019; Gusarov, 2020; Tong et al., 2020). There are numerous unanswered problems regarding the geographical and temporal variability of the factors influencing soil erosion and sediment production, such as rainfall and runoff erosivity, soil erodibility, topography, crops, support practice factor, and sediment delivery ratio. Furthermore, the manner in which they can be quantified in relation to climate and land use changes needs to be clarified (Belyaev et al., 2017; Hrabalikova and Janecek, 2017; Smetanova et al., 2017; Honek et al., 2020).
Sediment movement through hydropower components produces hydro-abrasive erosion, resulting in decreased efficiency, power outages, and repair/maintenance downtime. Online devices are therefore used to measure/capture variations in sediment parameters, as well as manually collecting samples for laboratory analysis. Various sediment parameters related to hydro-abrasive erosion, such as size, concentration, form, and mineral composition, were studied and addressed in this work with relation to a hydropower plant in the Himalayan area of India (Rai et al., 2017). Again, (Van Binh et al., 2020), from their research revealed that, natural and human activism has drastically affected the Mekong River's (MR) discharge and sediment loads. Using various statistical methods, a team investigated the effects of dams in the Mekong River's (MR) basin on variations in long-term discharge and sediment loads from upstream dams in China  on daily, monthly, and annual scales over a 55-year period (1961–2015) , this study included  Jiuzhou to the Vietnamese Mekong Delta (VMD) stretch of the river.
In the view of (Huang et al., 2021) , using GIS to monitor debris flow revealed that, check dams are a conventional structural measure for regulating debris flows, which are a common natural trigger of disasters in mountainous terrain. Despite its widespread use in debris-prone areas around the world, check dam capacity is still calculated using empirical formulas, resulting in significant calculation errors. This study offered a new approach for determining the design storage capacity of a check dam in China's Cutou Gully, which is prone to debris flows. Digital surface dams on a large-scale Analysing DEM differences models produced from unmanned aerial vehicle photos and ground surveys is used to establish the check dam's measured storage capacity. Identify local topography variations in the debris flow path and design maintenance plans to keep it in good shape. From  a study carried out by  Shiferaw et al; (2021), suggests that, in Ethiopia, soil and water conservation activities are not carried out with diligence as prescribed  by experts by  some farmers and other stakeholders , the reason soil erosion is a serious problem and most of the eroded soil particles end up in water bodies including dams. It’s believed that a good number of the dams built in that country in past few years are silted up now and cannot serve the intended purpose. This suggests that if regular monitoring of sedimentation if not carried out, the utility of small dams in the future will dwindle more than the current situation (Huang et al., 2021). 
Researchers undertook a study to determine the quantity of siltation in the Vea Irrigation Dam reservoir in the Bongo District as well as farming methods that affect siltation within the watershed. The examination indicated an average depth of 1.1 meters and total deposit of 140000 m3 of sediments into the reservoir, which was a cause for concern. The majority of farmers along the steep slope of the dam's upstream conduct conventional tillage and continuous grazing, which have a direct effect on erosion and as a result, reservoir siltation. High-intensity rainfall with high kinetic energies, as seen in June, July, August, and September, causes significant separation of already erodible soil aggregates, contributing to reservoir erosion and siltation. Although vegetation reduces the direct impact of rain drops, it is sparse and dispersed: erosion by exposing the soil to the elements. Soil conservation techniques and Best Agricultural Management Practices on watersheds are recommended to local farmers within the catchment area in order to spare the dam and its reservoir from a short lifespan due to excessive siltation. (Adongo et al., 2014) .
[bookmark: _Toc118764439][bookmark: _Toc127797591]2.9 Conflicts in water management on irrigation facilities
(Mirzaei et al., 2019), postulated that, water is the most important component for most human activity since Water is required for essential survival and economic development in all communities (Chenoweth, 2008). As a result, the water crisis is one of the most pressing global issues of the twenty-first century (Orr et al., 2009). The water crisis is not caused by inadequate of water because enough water exists for all people, even in areas where there is a temporary shortage, but by a governance crisis, such as fragmented institutional structures and a weak regulatory framework, which cause or exacerbate water availability issues (OECD, 2011) Enhancing water governance, as per experts in the water sector, is the solution to the water crisis (OECD, 2015). Enhancing water governance, as per water experts, is the solution to the water crisis (OECD, 2015). (Peprah, Amoah & Achana, 2015) and cited by (Peprah et al.; 2020).
(Qin et al., (2020), in their research pointed out that, fresh water scarcity is widely seen as a global systemic concern as a result of increased demand driven by growing populations, changing climatic patterns, and wasteful consumer behaviour (Kicsiny et al., 2014); Mekonnen & Hoekstra 2016). By 2050, it is estimated that 59 percent of the world's population would be without blue water, and 36 percent will be without both green and blue water (Rockström et al., 2009). Water scarcity can exacerbate conflict and possibly jeopardize peace and stability (Eliasson2015). Efficient management of such a limited and valuable resource is widely acknowledged as the primary tool for resolving water conflicts (Giordano et al., 2013) and easing limits to human society's long-term growth. However, attaining this goal depends on fair and reasonable water allocation practices (Arjoon et al., 2016) with the aim of maximizing economic benefits and social equality without damaging the ecosystem’s sustainability (Mitchell 2005).
The main causes of water conflicts in Burkina Faso's Bagré large-scale irrigation system were investigated. It looked at how water-related conflicts arise and how conflict resolution works in terms of local conflict resolution systems Water-related conflicts are linked to material things or assets, as well as deviant farmer behaviour including non-compliance with water allocation laws, according to the study (Korbéogo; 2020). The nature and density of social ties between local stakeholders, as well as the economic value of what is at stake, influence the occurrence and severity of conflicts. When stakeholders contest solutions to water-related conflicts, they can become exacerbated until they spread beyond the irrigation scheme into other social spheres at the village and regional levels; this demonstrates the fluidity of water-related conflicts and their ability to grow beyond the issue at hand. Water problems are resolved with the help of a variety of social actors, networks, and procedures, as well as interpersonal discussions that take place in farmer-based and official organizations, according to the research. Farmers-based institutions and face-to-face conciliation are the most commonly used conflict resolution mechanisms, according to the study, because of the social networks that connect local actors and the necessity of maintaining social peace. Those involved in irrigation schemes have modified the ways in which local institutions deal with water-related conflicts through these mechanisms (Korbéogo; 2020) Farm water management in Ghana differs from irrigation management in other countries. To irrigate agricultural lands, reservoirs, aqueducts, canals, conveyers, sprinklers and drippers are employed. In addition, irrigation, industry, and home water consumers are all in fierce rivalry (Mengu, Akkuzu, Anac & Sensoy, 2011).
[bookmark: _Toc127797592]2.10 Irrigation water management
Water Users’ Association (WUA) as shown in Fig 2.2 described as a group of people who benefit from irrigation schemes and work together to keep them in operations so that they can support their agricultural production and the livelihoods of the people in their service area. Everyone who, on the basis of a land and /or water should be a member of the Association. In May 2016, Ghana's Parliament passed Irrigation Water Users Association (IWUA) L.I 2230, which is the same as Japan's Land Improvement Law. As a result, all farmers and water users in all public irrigation schemes must form Water Users Associations (WUAs) and register them with Ghana Irrigation Development Authority (GIDA), the supervising authority. As part of their responsibilities, WUA members are responsible for operating, maintaining, and managing the irrigation and drainage systems in respective schemes (GIDA, 2020).







[bookmark: _Toc127797642]Figure 2.2. An Organizational Chart of Water Users’ Association
· Chairman (1)
· Deputy Chairman (1)
· Secretary (1)
· Treasurer (1)
· Financial secretary (1)
· Organizer
· Other members
Administration (Employees of WUA)
· Operation Manager
· Account Officer
· others
· Dispute Settlement Committee
· Agricultural committee
· Sanitation Committee
· Welfare Committee
· Other committee

Source: Adapted from GIDA (2020).

[bookmark: _Toc118764440][bookmark: _Toc127797593]2.16 Knowledge gap
Having reviewed literature on the subject matter, it has been acknowledged and accepted widely by all stakeholders that siltation has negative consequences on hydro power generation, irrigated agriculture, aquaculture, industrial water, domestic water resources and recreational purposes among others. However, very little or none at all has been highlighted on the effects of siltation on small holder irrigation farmers who mostly have small piece of land usually not more than half an acre as a main source of livelihood in the rural areas especially in arid communities. Hence, the attempt to fill this identified knowledge gap.

[bookmark: _Toc127797643]Figure 2.3 Conceptual Framework
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 Source:   Modified from Complex Adaptive Theory (2021).
[bookmark: _Hlk98384270]Small Scale Irrigation Dams besides crops or vegetable production in the dry season also serves other stakeholders as shown in Fig 2.3. The conceptual framework for analyses shows the effects of siltation on the livelihoods of small holder irrigation farmers and other users.  Small holder Irrigation farming as a livelihood activity can be possible and effective depending on the availability of some resources. These include human resource or labour, natural capital such as land and sufficient water in the reservoirs, financial capital, technical skills or support, social relations, affiliation and associations. Basically, the presence of environmental resources such as land and water make an environment agricultural base. These aforementioned required resources notwithstanding, there are institutions and organizations including; Ghana Irrigation Development Authority (GIDA), Local Assemblies, (MMDAs), Water Users Associations (WUA), Faith base organizations   and Non-governmental Organizations that manage these facilities in collaboration with Traditional Authorities to ensure these resources are put to good use for the benefit of large groups or society through effective productivity. The role of the academia and research becomes more paramount in this enterprise as it exposes the strengths, weakness, opportunities and threats confronting the small holder irrigation farmer. This information help government, donor partners and relevant stakeholders to make informed policy decisions and also address other needs of the people. The increasing levels of agricultural outputs through small holder irrigation farmers in the various communities tends to improve food security situation of households, increase income levels of small holder irrigation farmers for the purchases of other services such as education, health, communication and transport. Small holder irrigation farming when given the needed support has the potential to create   descent jobs for the youth and possibly reduce out migration. In conclusion, small holder irrigation system when supported by relevant partners may go a long way to address issues of rural poverty, malnutrition and food security. The system therefore needs the attention of all stakeholders in the agricultural value chain to serve humanity and sustain livelihood of small holder irrigation farmers.
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[bookmark: _Toc118764442][bookmark: _Toc127797595]METHODOLOGY
[bookmark: _Toc118764443][bookmark: _Toc127797596]3.1 Introduction
This chapter presented the profile of the study area and the research methodology. The study profile covers the Upper West Region in general but focused on Wa West District and Wa Municipality in particular. The research methodology also included research design, types and techniques of data collection, sampling and sample size determination and methods of data analysis. (Neuman, 2014) as cited by (Issahaku, 2018), different research methodologies are applied depending on the type and nature of the study.

[bookmark: _Toc118764444][bookmark: _Toc127797597]3.2 Profile of the Upper West Region
The Upper West Region is one of Ghana's sixteen administrative Regions, located in the country's north western corner. It is located between the longitudes of 1 25" W and 2 45" W, as well as the latitudes of 9 30" N and 11 N as in Figure 1. The Savannah Region borders it on the south, Burkina Faso on the north and west, and the Upper East Region on the east. It has a geographical area of 18.476 square kilometres, accounting for 12.7 % of Ghana's overall land area (RCC, 2019). The population density varies by District, ranging from 13 per square kilometre in Sissala to 97 per square kilometre in Lawra, with a Regional average of 38 per square kilometre. 
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[bookmark: _Toc127797644]Figure 3.1: Map of the study areas
[image: ]Source: Map adopted from Ghana Survey Department and modified (2022)

There are 5 Municipal Assemblies and 6 District Assemblies in the Region. Wa, Jirapa, Lawra Nandom, and Sissala East Municipal Assembly are the five Municipal Assemblies. Lambussie, Nadowli-Kaleo, Sissala West, Wa East, Daffiama-Bussie-Issa, and Wa West are the rest constituting the Districts. The Region is divided into 11 constituencies that cover the same areas as the MMDAs. (GSS, 2021)
The population of the Region as enumerated in the 2021 Population and Housing Census (PHC) is 904,695, with 48.8% (441,799) males and 51.2% (462,896) females. The Region has a young population with 53% being below 20 years, and this implies that there is a huge potential labour force for the future. However, the current economically active population is overburdened as there is high dependency ratio of over 91(per hundred population in the working group) and this partly accounts for the unacceptable poverty levels and child labour in the Region. The Region has a consistent female dominance ratio of 94.5% males to 100 females. Generally, over 60% of the population comprising of children, women and the aged are socially and economically vulnerable, and need to be protected. The regional population density is 49.0 persons per square kilometre, an increase from 38.0 persons per sq. km. in 2010 (GSS, 2021).
[bookmark: _Toc118764445][bookmark: _Toc127797598]3.2 Profile of Study Areas
[bookmark: _Toc118764446][bookmark: _Toc127797599]3.2.1 Location and Size of Wa Municipal
Wa Municipality in the Upper West is one of the eleven (11) administrative areas that make up the Upper West Region of Ghana. Notably it shares boundaries of its administrative areas with that of Wa East District Assembly to the East and South, Nadowli District Assembly to the North, and Wa West District Assembly to the West and South. It lies within latitudes 1º40΄ N to 2º45΄ N and longitudes 9º32΄W to 10º20΄W.  The capital of the Wa Municipality is Wa which is the denoting the regional capital of the Upper West Region. The Wa Municipality has a land mass area of approximately 234.74 km2, which is about 6.4% of the Region. Invariably, the Assembly is sanctioned as the highest administrative and political body entrusted with sole responsibility of expediting and implementation of policies of national interest (Wa Municipal Assembly, 2016).
Wa Municipality is located in the Guinea Savannah vegetation. The vegetation includes grass with dotted drought resistant trees such as the baobab, neem dawadawa and shea trees. The diverse set of plants within the neighbourhoods of Wa provide all domestic requirements for irrigation, fencing of gardens and cattle kraals (especially dry season farming). 
The climate of the Municipality is one that is common to the three northern regions. There are two main seasons; the dry and wet seasons. The wet season commences in April and ends around October, whiles the dry season is characterized by hazy and cold harmattan that starts from mid-November and ends in the latter part of March when the hot weather conditions start. The nature of both the wet and dry seasons in the municipality affects the livelihood activities of some of the inhabitants since they have to always restructure their livelihood activities within shorter periods to meet the requirements of the season. The lengthy dry season requires the institution of irrigation facilities of which people that choose their livelihood in farming activities could be engaged throughout the year. The continuous farming system could increase yields hence reduce food insecurity in the region. The mean annual rainfall is about 1100mm with its peak in August. Relative humidity is between 70% and 90% in the rainy season but is as low as 20% in the dry season. The minimal rains usually affect farmers in the sense that they harvest lower yields at the end of the wet season (WMA, 2016).
[bookmark: _Toc118764447][bookmark: _Toc127797600]3.2.3 Economic activities of the study area
This section assesses the Municipality’s economy. With this, the industry, agriculture and the service sectors are explored in relation to their prevailing capabilities to the development of the Municipality.  Again, major constraints and challenges of these sectors are looked at. In the Wa Municipality, about 70% of the inhabitants are in the agriculture sector. Following agriculture which is the dominant livelihood activity is commerce; it constitutes about 9% whereas the service sector consists of about 3%. Besides these there are other core sectors of the economy such as communication, transport, energy and tourism (WMA, 2016).
Closely following agriculture in terms of employment in the Wa Municipality is the trade/commerce/service sector. Retailing, finance, public service, transport among others are the main activities in the Municipality. Currently, the Wa Municipality is the Regional commercial centre with average office/trading facilities. It’s obvious that the market facilities fail to meet the dimensions of trade. Amenities and facilities for shopping are inadequate hence trading on the street is common among the inhabitants. Shopping malls and one-stop shopping centres are absent in the Municipality. On this score, modern shopping facilities are therefore needed to expedite commerce. A significant number of the residents of the Municipality are engaged in trading activities as their main livelihood activities though it is difficult for the urban poor to be in competition with the rich as they are always crowded out since they cannot afford to rent shops within the market centres.
[bookmark: _Toc118764448][bookmark: _Toc127797601]3.2.3 Industry
There are only small-scale industries in the Municipality which are categorized into agro processing, textile, glass, leather and hide, wood, clay/sand/stone, metal, art and craft. Within the Municipality sole proprietorship is the leading type of business entity by majority of enterprises. This limits the ability and aptitude of enterprise to procure the necessary funds for growth and expansion. Small Medium Enterprises (SME) and Co-operatives gathering and making contacts is to be reinvigorated so that the industrial sector takes its roles in the creation of jobs and income generation. People within the Wa Municipality averaging 15% are engaged in the industrial sector in where they take part in textile, wood, leather and metal processing. The people earn some income that they depend on for survival from the processing of durable products from items (Wa Municipal Assembly, 2016).
[bookmark: _Toc118764449][bookmark: _Toc127797602]3.2.4 Services
There are a lot of financial institutions in the Wa Municipality which include fifteen banking and non-banking institutions. Because of poor financial records maintenance and adequate collateral, it becomes extremely difficult for such businesses to secure loans from the bank. Working and venture capital are always sourced from relatives/friends, personal savings and cash lenders. The businesses and industries are thereby challenged from growth as a result of such developments (Wa Municipal Assembly, 2016).
[bookmark: _Toc127797603]3.2.5 Location and Size of Wa West District
Geographically, the Wa West District (WWD) is located approximately between longitudes 9◦40_N and 10◦10_N and also between latitudes 2◦20_W and 2◦50_W with Wechiaw as the District capital. The district is bordered to the north by the Nadowli-Kaleo District, east by Wa Municipality, and south by Sawla-Tuna-Kalba District and west by Burkina Faso (WWDA, 2007). The Wa West District also has agriculture as its main livelihood activity. According to the National Population and Housing Census, the Wa West District’s population in 2010 was 81,348 (Male: 40,227; Female: 41,121). The most predominant ethnic group in the District is the Brifor, followed by the Waalas and Dagaabas. It is also worth mentioning that agricultural activities in the District are rain fed. Only a few privilege communities engage in dry season farming mostly powered by reservoirs and mini-dams constructed by development partners (Kusakari et al., 2014). Hence, most of the farming communities have limited livelihood activities during the dry seasons, thus compounding poverty conditions. Other socio-economic activities in the District include trading, fishing, charcoal production, pito (local beer) brewing and Shea butter processing
[bookmark: _Toc127797604]3.2. 6 Vegetation and Climate
The Wa West District climate follows a broad pattern that can be found in the three northern areas. From May through September, there is only one rainy season, with an average yearly rainfall of roughly 115 cm. Harmattan, a long dry season marked by cold and cloudy weather from early November to early March, is followed by extremely hot weather that lasts only until the onset of early rains in May and, more recently, June, because of climate change. The average monthly temperature is between 21 and 32 degrees Celsius. Temperatures can reach a high of 40°C just before the rainy season begins, and then drop to a low of 20°C in December during the harmattan brought on by the north-east trade winds (MOFA - U.W.R, 2021)
The Wa West District is divided into 2 agro-ecological zones: guinea savanna in the south and Sudan savanna in the north and northeast. The rainfall pattern is the deciding element for this subdivision. The Sudan savanna is characterized by sparse grasses and scattered trees. Baobab (Adansonia digitata), dawadawa (Parkia clappertoniana), shea (Butyrospermum paradoxum subsp. parkii), Acacia albida, and Albixxia species were among the trees found (MOFA - U.W.R, 2021).
In the Wa West District just like many Districts in Guinea savanna, the vegetation is characterized by a higher density of pro-climax tree species. The predominant trees are Isoberina doka, Isoberina dalzieli,Daniella spp.,mahogony (Khaya seneqalensis)and other Khaya spp.,ebony (Diospyros mespilliformis)as well as dawadawa (Parkia clappertoniana)and shea trees (Butyrospermum paradoxum subsp. parkii).The last two are very common, as they are protected for their economic value (MOFA - U.W.R, 2021). In the more densely populated areas, they are almost the only wild trees to be found. During the wet season, the south has a cover of bunch grasses, notably Andropogon and Cymbopogon spp.and forbes (Soil Conservation and Water Management Division, UWR, unpublished). As a result of annual bush fires, the vegetation has been degrading in the communities. (MOFA - U.W.R, 2021).
About 70% of the inhabitants of the Wa West District are in agriculture sector. Agriculture as the dominant livelihood activity is followed by commerce which constitutes about 9% whilst the industrial sector consists of about 3%. Some other key sectors of the economy are energy, communication, tourism and transport. Residents of the Wa West District have their livelihoods in the agriculture, commerce and industrial sectors. Less than 5% of the inhabitants of the district are engaged in communication, tourism and transport sectors (WWDA, 2012).
The Wa West District population is primarily made up of peasant farmers. Farming is primarily done on a family basis as a daily occupation, except on rest days. Subsistence and commercial farming are also practiced. Guinea corn, maize, millet, rice, soya beans, groundnuts, cotton, yam, cowpea, and sorghum are among the crops that rely heavily on rainfall. Another agricultural activity practiced in the area is cattle rearing. While maize, guinea corn, and groundnuts are grown for domestic consumption (guinea corn is also used to make the pito beverage), cotton and cowpea are mostly grown for profit (GSS, 2013). Spinning, weaving, and smock design are other popular activities. They make xylophones and other musical instruments, as well as pottery, blacksmithing, and carving.
Nevertheless, the fact that the district is commercial by all standards, trading along the Burkina Faso border, agriculture is the main economic practice. Crop cultivation and animal rearing remains the largest single contributor to the local economy and employs about 70% of the active population. The main staple crops grown include millet, sorghum, maize; rice, cowpea, leafy vegetables, pepper and livestock such as cattle, sheep, goat, pigs and poultry are reared subsistence basis. Goat especially is quite significant followed by cattle, sheep and poultry in that order. Hoes, cutlasses and mechanized tools like tractors are used for preparing land for cultivation (WWDA, 2012). The tourism potential of the Wa West District is found in its rich natural, cultural, historical and man-made attractions. These, however, have not received the needed support and development to attract tourists to the district. The most significant of them is the Wechiau Community Hippo Sanctuary which is18km from Wechiau (WWDA, 2012).
The Wechiau Hippo Sanctuary is a community-based conservation initiative aimed at providing the Wechiau catchment area inhabitants with a source of revenue and offering protection to the flora and fauna found within the designated lands. Other unique attractions are the Ga crocodile pond, the Lobi Architecture, a three-hundred-year-old Mosque and indigenous grinding mills. These attractions are a potential for making the Wa West District a unique tourist destination. However, investment in tourist infrastructure is required (WWDA, 2012).
Both Wa Municipal and Wa West Districts are characterized with low-income earners and as such has inadequate collaterals to enable them access loans from financial institutions as a way of improving upon their businesses. Following the naked fact that all financial institutions demand huge collaterals before they sanction loan, business activities always remain in positions in which they were started thus in effect failing to grow and have the likelihood of collapsing.  
[bookmark: _Toc118764450][bookmark: _Toc127797605]3.0 Research Methodology
The research methodology was influenced by the type of research and what the study seeks to unearth. (Agrasuta, 2013) refers to research methodology as the systematic, structured and focused data collection that is aimed at gathering information that will address an identified research question or problem. It is therefore critical that a research study considers the appropriate research methodology in this study in other to yield a valid and reliable outcome. (Nyantakyi, 2007) noted that a research methodology is guided by the research questions and objectives, philosophy on which the research is grounded on, scope of existing knowledge, purpose of the study and focus of the study. This assertion is different from that of Burns and Grove (2003) who indicates that research methodology includes “the design, setting, sampling, methodological limitations, and data collection and analysis technique in the study. This study employed the convergent parallel mixed method.
[bookmark: _Toc118764451][bookmark: _Toc127797606]3.3.1 Research Approach
Research approach is considered as the philosophy underpinning the research, considered as appropriate in solving a research problem. It was based on science and actions that allowed investigation of research problem and the use of rational applications, procedure, techniques to enhance critical evaluations of the study. It also adopted methods that supported an investigation in addressing its problems using either qualitative, quantitative, and mixed methods (Creswell, 2014). The research adopted a structured questionnaire, focus group discussion and key informant tools with the expectation that it will provide a wider examination of the situation. A survey approach was also employed to determine the depth of silt on the four (4) selected small scale dams in two Districts of the Upper West Region.
[bookmark: _Toc118764452][bookmark: _Toc127797607]3.1.1 The Study Population 
Basically, the study population included irrigation farmers, fish farmers, livestock farmers, domestic users, construction purposes, water drawers and others. Four communities are selected from two Districts in the Upper West Region. These include. Baleofiili with a total population of 1,264 with 609 males and 655 females, Siiru is estimated to have a population of 867 with 431 and 435 for males and females respectively located in the Wa West District. Whilst Busa has an estimated population of 2,094 made up of 1,071 males and 1,023 females and Singbakpong has an estimated population of 1,463 with 745 males and 717 females also located in Wa Municipal. The region has a household rate of 6.2. (GSS, 2020).
[bookmark: _Toc118764453][bookmark: _Toc127797608]3.3.2 Sample Frame Determination
Considered population as the totality of individuals or objects upon which a social inquiry is applicable. The study population consisted of individuals who uses water to serve a particular purpose notably agricultural activities related issues in the Wa West and Wa Municipal. The randomly selected study communities namely; Baliofele, Siiru, Busa and Singbakpong in Wa West and Wa Municipal respectively all have small scale dams in operation with the relevant stakeholders for the study (Issahaku, 2018).




[bookmark: _Toc124155227]Table 3.1: Selected Communities and their respective population
	Name of community
	Population
	Total 

	Wa West
	
	

	Siiru
	867
	

	Baleofiili
	1,264
	

	
	
	2,131

	Wa Municipal
	
	

	Busa
	2,094
	

	Singbakpong
	1,463
	

	
	
	3,557

	Total
	
	5,688 


Source: GSS, 2020

[bookmark: _Toc118764454][bookmark: _Toc127797609]3.4.1 Sampling Size Determination
Sample size determination aims at selecting part of the population from which information will be drawn to form conclusions about the entire population. For a survey design, the sample size required is calculated using the formula for sample size determination given by (Miller and Brewer, 2003). This formula allows for a geographically dispersed sample to be used, with participants simultaneously responding to the study from three separate irrigation centres, hence taking advantage of existing social groups to achieve the study objectives. The sample size for the study was selected based on a sample size determination formula under the condition that only communities with irrigational dam facilities were interviewed, the sample size is obtainable via the formula n=N/ [1+Ne²] where “N” is the Sample frame and “e” the significance level or sampling error. For a survey design based on both probability and non-probability sampling, the sample size required is calculated using the formula for sample size determination stated below. This formula allows for a geographically dispersed sample to be used, with participants simultaneously responding to the study from the study area, hence taking advantage of existing social groups to achieve the study objectives.
The total number of adult populations for the selected communities is 5,688 providing a sample frame for the study. With this, N= 5,688 as population, at 10% significance level which corresponds to 95 percent confidence level; and e=0.1, then n= 5688/ {1+ 5688(0.1) ²} which is 98.27. The estimated sample size of 98.27 rounded up to the nearest 100 amounted to 100 respondents as the sample size for the study.

[bookmark: _Toc124155228][bookmark: _Hlk118763456]Table 3.2: Distribution of Sample Size
	Name of community
	Population 
	Proportion distribution
	Proportion sample size

	Siiru 
	867
	(867/5688)100
	15

	Baleofiili
	1264 
	(1246/5688)100
	22

	Busa 
	2,094
	(2094/5688)100
	37

	Singbakpong 
	1,463
	(1463/5688)100
	26

	Total 
	5,688
	
	100


Source: GSS, (2022).

[bookmark: _Toc118764455][bookmark: _Toc127797610]3.4.2 Sampling Procedure 
Sampling is a statistical process that allow for the selection of respondents. The selection of respondents comes from a larger number of people from whom a smaller number is required for interpretation of issues that will represent the entire population (Creswell, 2014).
[bookmark: _Toc118764456][bookmark: _Toc127797611]3.4.3 Random sampling technique
Simple random sampling gives equals chances for selection. The techniques reduced discriminating among sample selection in research as it follows a unique pattern from start to finish (Creswell, 2014). The simple lottery method was used in selecting the 4 irrigation schemes that were found to be productive. The respondents were stake holders found to be using these selected dams at the various project sites. This reduced deviations that may have arisen with the selection of respondents in the study. The study also considered human relations in the investigation. The technique was employed using the procedure below:
1. Determined the sample size using the population data collected from the Statistical Service. 
2.  Allocated the prescribed number of respondents per facility as determine by the sample size.
3. Interviewed respondents that have used the facility for at least 5 years.
4. Interviewed any respondent that was willing to avail him or herself for our study based on the criteria set in (3).
[bookmark: _Toc118764457][bookmark: _Toc127797612]3.4.4 Types of Data and Collection procedures
Primary sources
 (Qualitative data collection)
Primary sources of data are information gathered for the first time from the field during a research study. Given the use of primary source of data, biasness in views of previous works and current responses from respondents are effectively checked, and the reliability and dependability of the outcome will increase as well (Abdul-Razak, 2016).  In conformity with this guidelines, the research gathered information directly using random sampling method from small holder irrigation farmers on the selected small scale dams and other respondents that also used water from these facilities in the two Districts. These included: fisher folks, livestock farmers and domestic users. The data collected contributed much to understanding the theories  used in the study. 
[bookmark: _Toc127797613]3.4.5 Key Informant Interviews
Key informant interview was conducted from industry players. These key informants included staff of Agricultural extension officers within the selected communities, Staff of Ghana Irrigation Development Authority (GIDA), staff of Water Resources Commission (WRC), who gave an insight knowledge on the subject matter and recommendations on ways of mitigating the phenomenon. 
[bookmark: _Toc127797614]3.4.6 Questionnaire Administration 
 Structured questionnaire were randomly administered to respondents on the schemes in the 4 selected communities namely; Siiru, Baleofiili, Busa and Singbakpong in the Wa West District and Wa Municipal respectively with water users and other relevant stakeholders to examine their activities that may have contributed to silting the reservoirs and how the siltation affects their livelihoods. The study considered interviewing appreciable number of stakeholders in the various communities that are representative enough to deal with the issues under investigation.  In furtherance to this, the study also interviewed some key informants in the two Districts as well the Regional level to unearth expert views on the subject matter under discussion or investigation. 
[bookmark: _Toc127797615]3.4.7 Focus Group Discussion
Focus group discussion involve gathering between 6 and 12 people from similar backgrounds or experiences together to discuss a specific topic of interest (Cresswell, 2013). Using this qualitative research tool, an average of seven (7) discussants drawn from  the respective leadership of the facilities under the study who have used the small scale dams in their communities  for at least the past decade were engaged to solicit  their perceptions, attitudes, beliefs, opinion on the investigation. A group was selected from each of the schemes making a total of 4. These groups consisted of vegetable farmers on the schemes, livestock farmers, fishermen and other users. The discussions unearthed their views on the causes of silt on their dams, the major contributory factors as a result of their own activities and that of nature, the threat posed by siltation on their livelihoods and possible mitigation measures. This research tool provided this study the flexibility to learn from the experiences of the small holder irrigation farmers.  
[bookmark: _Toc127797616]3.4.8 Observation
 Observation provides the opportunity to document activities, behaviours, physical aspects without having to necessarily depend on people willingness to and ability to respond to questionnaires. It is more important especially when a researcher is in a novel environment (Creswell, 2014). Personal observations was also employed during data collection from the field by the researcher’s personally visits to the selected facilities in order to observe how anthropogenic activities and nature contributed towards silting of the reservoirs under investigation. This helped in assessing the influence of patrons in reducing the volume of water in their own reservoirs and its consequences on their livelihoods especially during the dry seasons. It was noted that some farmers were cropping as close as 5m (metres) to the toe of the reservoir during the rainy season, their tilling of the soil makes it easier for run off to occur thereby transporting part of this tilled soils into the dams. This practice was exacerbated by a significant number of farmers who crop upstream of the reservoir during the same period. Fishermen were equally seen leaving their waste nets ashore which eventually ends in the dams. Furthermore, residents were found washing vehicles, personal effects into the water and leaving behind items that were no longer needed into the water, whilst others were moulding bricks using earth materials within the upstream or water catchment areas. Again, natural causes were also observed to be contributing to the silting of the reservoirs during the study as plants such southern cattail grass and  water hyacinth had grown and continue to expand in some of the facilities particularly Siiru and Singbakpong.

[bookmark: _Toc118764458][bookmark: _Toc127797617]3.5 Procedure for quantitative data collection
(Apparatus: A 50m measuring tape, a 3m steel tape, a GPS gadget, 1.6m plastic pressure pipe, 1.6 m graduated stick, a spirit level, a wooden platform, and a hammer)
1. Field measurements of the entire length of each reservoir was taken and divided into ten (10) equal parts.
2. At the toe of the reservoir from the upstream and at each of the 10 points in (1), a spot was   located 5m perpendicular  into the reservoir where plastic pressure pipe is knocked down through the silt till it can no longer penetrate the silt. Then GPS information is recorded on that spot.
3. With the use of a spirit level to achieve a horizontal balanced position, a graduated stick with the same length as the pipe is inserted into the plastic pipe till it reaches the silt in the pipe.
4. The exposed part of the stick is then measured which is equal to the depth of silt at that spot.
5. The same procedure will be repeated till all the 10 designated spots are measured and recorded.
6. Computation of these data together with secondary data obtained on the capacities of each dam resulted in an estimated loss of water due to siltation.
Secondary Data
Secondary data was obtained from existing literature and documents such as journals, manuals, books, articles and related thesis, reports, magazines, statistical data, newsletters and newspapers, websites, policies and standards among others that are related to small scale irrigation farming. Secondary sources of data are readily available and relatively cheaper to access (Onwuegbuzie & Leech, 2005). Secondary data accessed  relatively caught down on cost for this investigation, limited the resarech duration  and at the same time made a lot of data available enough for the study to explore in-depth information on siltation and its effects on irrigation farming. The study  also sourced relevant Secondary data from the Ministry of food and Agriculture (MOFA), Ghana Irrigation Development Authority (GIDA), the two Assemblies in the study Districts. Besides these, other relevant organizations, or sources with existing information   helped in literature review and validation of findings for the success of the study. 
[bookmark: _Toc118764459][bookmark: _Toc127797618]3.6 Data Analysis and Presentation
The Statistical Package for Social Sciences (SPSS, version 20) was used to collate the qualitative information. Descriptive statistics such as frequencies, percentages, mean, standard deviation, and chi-square test at 95% confidence level were used for the interpretation of the results. Subsequently, tables, photographs and charts were used to present these findings. The administered questionnaire was examined for completion, accuracy, systematic and consistency to eliminate errors. The use of chi-square test was to established relationship between variables on effect of siltation on small-scale farmers’ production, and livelihood activities. With qualitative findings, interviewers’ views were coded and categories into themes of recurring phenomena, and interpreted with their raw information kept in quotation. Generally, the analysis provided the researcher with the opportunity to segregate data collected from interviews and analysed according to the emerging themes. Also, specific quotations of relevance were captured for the sake of emphasis. Whilst data obtained from field measurements of silt depths at various spots generated in computation with secondary data available on the designs on each dam culminated in the quantitative findings on silt accumulated on the various dams under investigation.  



3.7 Ethical Consideration
 Informed consent
This research gave utmost importance to the consent of the respondents for ethical consideration before any interaction with them to avoid conflict of interest. The consent of the respondent was considered extremely paramount for this study. The respondents throughout the study were made to understand they had the right to participate or refuse in the study, respond to a question or not, provide some personal details or not. Hence every information obtained from a respondent had their absolute consent.
3.8 Plagiarism
Like every other research work, this study paid much attention to plagiarism. Plagiarism is considered a relevant issue and cannot be disregarded and important steps have been taken to avoid plagiarism and present information or the research work as original. Any relevant document that was used has been cited and made reference to with the use APA style as recommended by the graduate school.

[bookmark: _Toc118764461][bookmark: _Toc127797619]CHAPTER FOUR
[bookmark: _Toc118764462][bookmark: _Toc127797620]RESULTS AND DISCUSSIONS
[bookmark: _Toc118764463][bookmark: _Toc127797621]4.1	Introduction
The chapter presents the findings and discusses them in relation to previous literature. Tables were first used to present the results of the socio-demographic characteristics of smallholder irrigation farmers. Following that, findings on the causes of siltation on small scale irrigation dams in the Region, the effect of siltation on small-holder irrigation production levels in the Region, and the mitigation strategies employed by small-holder irrigation farmers in the Region to reduce the effects of siltation on their livelihoods are presented in accordance with the research objectives. For a comprehensive analysis, descriptive statistics such as minimum, maximum, mean, and standard deviation, as well as cross-tabulation based on study Districts, frequency, and percentages on categorical variables, were used. 
[bookmark: _Toc118764464][bookmark: _Toc127797622]4.2	Socio-demographics characteristics of small-holder farmers
This section of the study's analysis presents a detailed analysis of the results on the socio-demographic characteristics found among the small-scale irrigation farmers who participated in the study. In order to fully understand the socio-demographic characteristics of the small-scale farmers who responded in the study. The results of continuous variables such as age, household size, income, and plot size were presented and analysed in Table 1 using descriptive statistics such as minimum, maximum, mean, and standard deviation. Additionally, cross-tabulation, frequency, and percentages on categorical variables were used for a comprehensive analysis, as shown in Table 4.1. 

[bookmark: _Toc124155229][bookmark: _Hlk118763506][bookmark: _Hlk115575817]Table 4.1: Descriptive statistics of respondent’s socio-demographics and livelihood
	[bookmark: _Hlk115901393] Variables
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Age
	100
	22
	67
	40.96
	11.132

	Household size
	100
	1
	13
	5.12
	2.199

	How much income do you make using the dam in your neighbourhood for irrigation farming
	100
	100
	15000
	3771.00
	3844.294

	What is the plot size of your farm at the dam site
	100
	0
	75
	13.84
	19.697

	How many in production quantity do you cultivate per your activity in recent times
	100
	2
	311
	109.75
	73.533

	Valid N (list wise)
	100
	
	
	
	


Source: Field study, 2022
From the findings in Table 4.1, small-scale irrigation farmers are on average 40.96 years old (standard deviation =11.132). For example, the study showed that, small-scale irrigation farmers had a minimum of age of 22 years and a maximum age of 67 years. The results showed that there was a large difference between the minimum and maximum age of small-scale irrigation farmers who deviated from the mean age. 
The average household size of small-scale irrigation farmers is 5.12 people per household (standard deviation =2.199 people per household). For instance, the household size of small-scale irrigation farmers ranged from one to thirteen members. This reflects the fact that small-scale irrigation farmers have a wide range of household sizes. From literature, irrigation development has been shown in a multitude of studies to improve agricultural economic performance and household welfare (e.g., Weligamage et al., 2014, Schuenemann et al., 2018; Li et al., 2020; Silveira et al., 2020;). 
[bookmark: _Toc124155230][bookmark: _Hlk118763540]Table 4. 2: Categorical description of respondents’ socio-demographics characteristics
	[bookmark: _Hlk115167972]Socio-demographics characteristics
	Response categories
	District

	
	
	Wa West
	Wa Municipal

	Sex
	Male
	31
	28

	
	
	62%
	56%

	
	Female
	19
	22

	
	
	38%
	44%

	[bookmark: _Hlk115169527]Age 
	22 to 32 years old
	19
	12

	
	
	38.%
	24%

	
	33 to 42 years old
	11
	14

	
	
	22%
	28%

	
	43 to 50 years old
	10
	10

	
	
	20%
	20%

	
	51 to 67 years old
	10
	14

	
	
	20%
	28%

	Education level
	No formal education
	35
	18

	
	
	70%
	36%

	
	Primary/Basic education/J.H.S
	5
	17

	
	
	10%
	34%

	
	Secondary/S.H.S
	5
	12

	
	
	10%
	24%

	
	Tertiary
	5
	3

	
	
	10%
	6%

	Marital status
	Single
	11
	6

	
	
	22%
	12%

	
	Married
	31
	39

	
	
	62%
	78%

	
	Widow/Widower
	6
	4

	
	
	12%
	8%

	
	Divorced/Separated
	2
	1

	
	
	4%
	2%

	[bookmark: _Hlk115182654]Household size 
	1 – 4
	21
	23

	
	
	42%
	46%

	
	5 – 7
	23
	20

	
	
	46%
	40%

	
	8 – 10
	5
	6

	
	
	10%
	12%

	
	11 – 13
	1
	1

	
	
	2%
	2%

	Major occupation
	Self-employed
	7
	16

	
	
	14%
	32%

	
	Public Sector Employed
	5
	3

	
	
	10%
	6%

	
	Private Sector Employed
	1
	7

	
	
	2.0%
	14.0%

	
	Unemployed
	37
	24

	
	
	74.0%
	48.0%


Source: Field study (July, 2022)
As presented in Table 4. 2, the majority of the study's participants were men. For example, about 62% which is above the average (56%) of the small-scale irrigation farmers who participated in the study from Wa West and Wa Municipality were males. Female participants in Wa West and Wa Municipality were below average (38% and 44%, respectively). This shows that males dominate small-scale irrigated farming in the study Districts. This conclusion is congruent with that of (Kpieta et al., 2013), who indicated that irrigation and dam usage (including farming and fishing) are activities best suited to males in the Upper West Region due to the physical energy and labour necessary for irrigated farming.
An account of findings of the study as shown in Table 4.2. Indicates that, more than one-quarter (38%) of the irrigated farmers in Wa West were between the ages of 22 and 32 years old, while less than one-quarter (22%) were between the ages of 33 and 42 years old. In Wa Municipality, slightly less than one-quarter (24%) of small-holder irrigation farmers were between the ages of 22 and 32 years old, and slightly more than one-quarter (28%) were between the ages of 33 and 42 years old. As a result, many (60%) of the small-scale farmers in Wa West and slightly more than average (52%) in Wa Municipality were between the ages of 22 to 32 years and 33 to 42 years, which falls within an active labour force range. This implies that many of the small holder irrigation farmers who participated in the study were in their prime labour force years. As a result, the study's findings are consistent with those of (Peprah et al;  2015) and,( Issahaku, 2018), who discovered in their studies that active labour force is very important in irrigation farming sites because physical energy and physic is required to promote faster activities at the sites. 

Again, from the results as presented in Table 4.2,  majority (70%) of small-scale irrigation farmers in Wa West had no formal education, while a few (10%), attained Primary/Basic/JHS educational level, Secondary/SHS educational level, and Tertiary educational level, respectively. Similarly, in Wa Municipality, more than one-quarter (36%) and ( 34%) of small holder irrigation farmers had no formal education or had completed Primary/Basic Education/JHS level, respectively. While little less than a quarter of small-scale farmers (24%) finished Secondary/SHS education, the least, about (6%) completed Tertiary education. This finding supports the findings of (Mohammadzadeh-Habili and Khalili , 2020), who stated that due to their low educational status and skill levels, several household farmers, particularly those with no formal education, are coerced into informal sectors such as food vending, petty trading, illegal mining, and small-scale farming in order to provide for family livelihood and sustenance.
Furthermore, the study's findings as shows in Table 4.2 reveals that, small-scale irrigation farmers in Wa West and Wa Municipality are predominantly married. From the findings, many (62%) of small holder irrigation farmers in Wa West and the majority (78%) of small scale irrigation farmers in Wa Municipality were married. Nonetheless, less than one-quarter (22%) of small-scale irrigation farmers in Wa West and few (12%) in Wa Municipality were not. 
Additionally, the findings of the study as presented in Table 4.2 shows that,  the size of small-scale irrigation  farmers'  households stipulated that 46%  and 42% of the small holder irrigation farmers in Wa West  respectively, had a household size of 5-7 persons per household and 1- 4 persons per household. Similarly, in Wa Municipality, fewer than average (46%) and (40%) of small-scale farmers had households of 1-4 people and 5-7 people, respectively. The results further reveals that, the cumulative aggregate, the vast majority (88%) and (86%) of small-scale farmers households in Wa West and Wa Municipality, respectively, had between 1 and 7 people in a household. The financial implication of this is that providing for such a large household places a significant burden on family heads who are small-scale irrigation farmers. 
Finally, as shown in Table 4.2, the majority (74%) of small-scale irrigation farmers in Wa West were unemployed, while a few (14%) were self-employed. In Wa Municipality, however, nearly half, that about (48%) of small-scale irrigation farmers were unemployed, more than one-quarter (32%) were self-employed, and a few (14%) were employed in the private sector. The majority of the small-holder irrigation farmers in the research were jobless, according to the data. This may explain why they turned to small-scale irrigated farming for money. This findings gives credence to (Kadiresan et al., 2018) and (Mauser et al., 2018), the Green Revolution, which mostly depended on irrigation, pulled millions of impoverished farmers out of poverty and famine. Irrigation has therefore remained a global issue in both wealthy and developing countries as it’s been noted to have helped to accelerate socioeconomic growth across countries.
[bookmark: _Toc118764465][bookmark: _Toc127797623]4.3	The causes of siltation on small-scale irrigation dams in the Region
The study's first goal was to explore on the causes of siltation in small-scale irrigation dams in the Region, specifically in Wa West and Wa Municipality. This section of the study is intended to present and discuss the study's field findings on access to water and knowledge about reservoir siltation, the causes of siltation, and the use of dam water for economic activities among small-scale irrigation farmers in the study's Districts. The results are presented and analysed in these areas using descriptive statistics elements (crosstabulation, frequencies, and percentage distributions). Table 4. 3 shows the findings of a study on reservoir siltation and access to water. 
[bookmark: _Toc124155231][bookmark: _Hlk118763567]Table 4.3: Access to water and Knowledge about siltation of reservoir 
	Access to water, and knowledge about siltation of the reservoir
	Response categories
	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	Do you have water all year round in the reservoir
	No
	0
	3
	4.252
	0.039

	
	
	0.0%
	6.0%
	
	

	
	Yes
	50
	47
	
	

	
	
	100.0%
	94.0%
	
	

	Do you have any knowledge about siltation of the reservoir
	No
	10
	5
	1.961
	0.161

	
	
	20.0%
	10.0%
	
	

	
	Yes
	40
	45
	
	

	
	
	80.0%
	90.0%
	
	


Source: Field study (July, 2022)
Table 4.3 shows the findings of an investigation into small-scale irrigation farmers' access to water from their dams and knowledge of reservoir siltation. The findings as presented  in Table 4.3 reveals that, all (100%) of the smallholder irrigation farmers in Wa West and nearly all (94%) in Wa Municipality confirmed that they have water all year in the reservoir. The study found a statistically significant difference between the availability of water throughout the year and the study Districts (Wa West and Wa Municipality) (P-value = 0.039, X2 = 4.252). 
The study also found that a vast majority (80%) of smallholder irrigation farmers in Wa West and nearly all (90%) of small-scale irrigation farmers in Wa Municipality have knowledge of reservoir siltation. As a result, the study found no statistically significant relationship between reservoir siltation knowledge and the study Districts (Wa West and Wa Municipality) (P-value > 0.05). 

[bookmark: _Toc124155232][bookmark: _Hlk118763591]Table 4.4: Basic information on small-scale dams in the study areas
	Information on Dam
	Wa West District
	Wa Municipal

	
	Baleofiili (GPS)
09053.50.16N
002040.56.82W

	Siiru (GPS)
090 55.971N,
0020 32.152W

	Busa (GPS)
10000.797N, 002023.250W
	Singbakpong (GPS)
09059.294N,
0020 23.650W

	Constructed year
	1953
	1989
	1972
	2008

	Length dam of embankment
	342m
	580m
	391m.
	520m

	Surface area of dam
	[bookmark: _Hlk115796315]136,115.8m2
	[bookmark: _Hlk115796777]313,670.8 m2
	156,469.4 m2
	[bookmark: _Hlk115796645]462,800 m2

	Reservoir capacity
	245,000 (cu.m3)
	1.2M(cu.m3)

	828,000(cu.m3)

	462,800(cu.m3)


Source: (Kpieta, 2012) and (GIDA, June, 2022)
The investigation discovered as shown in Table 4.4, that the Baleofiili dam in the Wa West District was the first dam constructed in the study area in 1953. Following that, the Busa dam in Wa Municipality was constructed in 1972. In order to boost irrigation farming in Wa West District, Siiru dam was constructed in 1989. The Singbakpong dam, which was constructed in the Wa Municipality in 2008, is the most recent dam to be constructed within the study area.
The data on the individual lengths of embankment of the dams in the study areas revealed that the two oldest dams in the study areas, Baleofilli and Busa, had the shortest embankment lengths of 542m and 391m, respectively. Siiru dam in Wa West District has the longest embankment length (580m), followed by Singbakpong dam in Wa Municipality, which has a 520m embankment length. 
The data on the surface area of the dams in the Region indicated an interesting pattern of occurrence. The oldest dam (Baleofiili dam in Wa West District) had the smallest surface area of 136,115.8m2, while the newest dam (Singbakpong dam in Wa Municipality) had the largest surface area of 462,800m2. Interestingly, despite having the longest embankment length, the surface area of Siiru dam was 313,670.8m2, which was less than the surface area of Singbakpong dam, which had a shorter embankment length. 
The data showed that in Wa West, Baleofiili dam had the smallest reservoir holding capacity of 245,000 (cu.m3), while Siiru dam had the highest reservoir holding capacity of 1.2M. (cu.m3). In Wa Municipality, the oldest dam (Busa dam) has the highest reservoir holding capacity of 828,000 (cu.m3), while the most recently constructed dam (Singbakpong dam) has a lower reservoir holding capacity of 462,800 (cu.m3) (cu.m3). 
As presented in Table 4.5,   findings of the silt measurements from the  study reveals that, the Baleofiili dam in Wa West District currently loses 118,420.75 (cu.m3) due to reservoir siltation which is primarily caused by a combination of natural and anthropogenic factors, indicating a reasonable decrease in its total reservoir holding capacity at full supply level. In addition, the results showed that the Siiru dam lost 291,713.844 (cu.m3) of water due to the build-up of silt in the dam, the reservoir holding capacity of the dam has decreased dramatically. As shown in Table 4.5 and Plate 4. 2, Busa dam in Wa Municipality had accumulated a silt depth of 1.1m since its construction in 1972. As a result, the dam's reservoir holding capacity has been reduced by approximately 430, 290.85(cu.m3) over the last five decades. The findings also showed that, the Singbakpong Small Scale Dam though relatively newly constructed had silt accumulation as well, where the depth of silt was measured at 0.6m, resulting in a loss of approximately 277,680 (cu.m3) of the dam's total holding capacity. Based on these findings, it is plausible to assume that silts build in dams over time. This conclusion supports recent study by (Dagnew et al., 2015; Shiferaw et al., 2020), which revealed that sand consumes reservoir active storage capacity, making this a typical problem in most small reservoirs. The results also showed that if steps to slow the Singbakpong dam's siltation rate are not put in place, it might go extinct within the next few years given the pace at which water is lost to silt.
[bookmark: _Toc124155233][bookmark: _Hlk118763615]

Table 4.5: Measurement of silt in Wa West District and Wa Municipality reservoirs
	Wa West District, Small Scale Reservoirs/Dams
	Wa Municipal, Small Scale Reservoirs/Dams

	Name of Facility
	Year of Construction
	Depth of silt
	Volume of silt
(cu.m3)
	Loss of water
(cu.m3)
	Name of Facility
	Year of Construction
	Depth of silt
	Volume of silt
(cu.m3)
	Loss of water
[bookmark: _Hlk115807209](cu.m3)

	Baleofilli
	1953

	0.87m

	118,420.75 

	118,420.75 

	Busa
	1972
	1.1m

	430, 290.85 

	[bookmark: _Hlk115807186]430, 290.85 


	Siiru
	1989

	0.93m

	291,713.844 

	291,713.844 

	[bookmark: _Hlk115807632]Singbakpong
	2008
	0.6m

	277,680

	[bookmark: _Hlk115808892]277,680



Source: Field study (July, 2022)
[image: ]
[bookmark: _Toc127797384]Plate 4. 1: Measurement of silt depths at Baleofilli in the Wa West District
Source: Field study (March, 2022)
[image: ]
[bookmark: _Toc127797385]Plate 4. 2: Measurement of silt depths at Busa in the Wa Municipal
Source: Field study (March, 2022)


[bookmark: _Toc124155234][bookmark: _Hlk118763638]Table 4.6: The Causes of Siltation 
	Questions on causes of siltation
	Response categories
	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	What are the natural causes of siltation in the reservoir
	No idea
	2
	3
	3.434
	0.180

	
	
	4%
	6%
	
	

	
	Run-off
	35
	26
	
	

	
	
	70%
	52%
	
	

	
	Wind erosion
	13
	21
	
	

	
	
	26%
	42%
	
	

	Do you think natural disasters have negative influence on water availability?
	No
	9
	18
	4.171
	0.041

	
	
	18%
	36%
	
	

	
	Yes
	41
	32
	
	

	
	
	82%
	64%
	
	

	[bookmark: _Hlk115266526]Activities undertaken by community members that causes siltation of the dam
	Cropping Upstream
	30
	30
	1.905
	0.386

	
	
	60%
	60%
	
	

	
	Livestock Grazing
	8
	4
	
	

	
	
	16%
	8%
	
	

	
	Dumping Waste into Water Bodies
	12
	16
	
	

	
	
	24%
	32%
	
	

	[bookmark: _Hlk115267735]Considering the rate of siltation, do you expect your dam still to have this current volume of water in the next 10 years?
	No idea
	10
	5
	3.333
	0.189

	
	
	20%
	10%
	
	

	
	No
	35
	35
	
	

	
	
	70%
	70%
	
	

	
	Yes
	5
	10
	
	

	
	
	10%
	20%
	
	

	Do you think other non-human activities has negative influence on the water in your dam
	No idea
	26
	19
	6.888
	0.032

	
	
	52%
	38%
	
	

	
	No
	4
	14
	
	

	
	
	8%
	28%
	
	

	
	Yes
	20
	17
	
	

	
	
	40%
	34%
	
	


Source: Field study (July, 2022)

In Table 4.6, the findings of the study indicated that in Wa West, while the majority (70%) of small-scale irrigation farmers identified run-offs as a cause of reservoir siltation, slightly more than one-quarter (26%) also identified wind erosion as a cause of reservoir siltation. Similarly, in Wa Municipality, slightly more than half (52%) of small-scale irrigation farmers cited run-offs as a cause of reservoir siltation, while less than half (42%) cited wind erosion as a cause of reservoir siltation. Thus, run-offs could be interpreted as the primary cause of reservoir siltation in the study Districts (Wa West and Wa Municipality). As a result, the study's findings revealed no statistically significant association between the cause of reservoir siltation and the study's Districts (Wa West and Wa Municipality) (P-value > 0.180).  As shown in Plate 4.3, growth of Southern Cattail grass and Water Hyacinth in the dams are also a natural cause of siltation in the Siiru Dam. 
Furtherance from the study's findings as presented in Table 4.6, it was discovered that on the question of whether natural disasters have a negative impact on water availability, a vast majority (82%) of the smallholder irrigation farmers in Wa West answered Yes to the statement that natural disasters have a negative impact on water availability. In the same vein, a similar pattern was observed in Wa Municipality, where many small-scale irrigation farmers (64%) agreed that natural disasters had a negative impact on water availability. As a result, the study found a statistically significant association between natural disasters having a negative impact on water availability and the study Districts (Wa West and Wa Municipality) (P-value = 0.041, X2 = 4.171). 
[image: ]
[bookmark: _Toc127797386]Plate 4.3 Growth of southern cattail grass. & Water hyacinth in reservoirs at Siiru
Source: Field study (July, 2022)
Similarly as shown in Plate 4.5 and Plate 4.6 in Appendix C, human activities such as digging of soil and moulding of bricks by the dam and agricultural activities that include; farming upstream of the dam contribute significantly in silting the reservoirs. Furthermore, the results of activities undertaken by community members that cause dam siltation in the community revealed that in both Wa West and Wa Municipality, many (60%) and (60%) of the community members engaged in upstream cropping, which contributes to dam siltation. Additionally, slightly less than one-quarter (24%) of Wa West community members and slightly more than one-quarter (32%) of Wa Municipality community members dumped waste into bodies of water, causing dam siltation as shown in Appendix C, Plate 4.4. Thus, upstream cropping and indiscriminate refuse dumping into water bodies could be considered the two leading causes of dam siltation in Wa West and Wa Municipality. As a result, the study found no statistically significant difference in association between community members' activities that cause dam siltation and the study Districts (Wa West and Wa Municipality) (P-value = 0.386, X2 = 1.905). Ghana Irrigation Development Authority (GIDA), have always tried to teach small-scale irrigation farmers on good agricultural practices and other dam maintenance activities that could reduce dam siltation caused by human activities. In his own words, “In the light of the socioeconomic relevance of our facilities to the local economy and its implications on livelihoods, GIDA will intensify teaching our beneficiary (farmers) to stop agricultural practices that poses threat to the dams and other water bodies., for instance, the authority will continue to educate our clients to desist from growing crops within the buffer zone of the reservoirs to minimize siltation. We will not relent to give our irrigated farmers basic training and guidelines on how to execute basic maintenance tasks such as; regular cleaning of canals, removing trees from dam embankments and backfilling eroded areas of the embankment after severe rains, among other things. This interventions is usually carried out in collaboration with non-governmental organizations (NGOs) and other institutions that assist in the development of irrigation infrastructure in the Region” (Key informant GIDA, Wa Municipal, August, 2022).
During a female Focus Group Discussion (FGD), a discussant stated that, "You see, because our dam is very close to the town, usually women and children always carry their dirty clothes to wash in the dam water and leave some of their old clothes into the water and go home, all these dirty things can reduce space for more water whenever it is raining." (Female Focus Group Discussion, Busa, July, 2022).
Findings from respondents on present pace of siltation on their dam, taking into account the rate of siltation , whether they  expect the current level of water in the dam this year to be the same volume in the next ten years, it was discovered from the results that, based on a column proportion of Yes, No, or No idea, the majority (70%) and (70%) of the small-scale irrigation farmers responding in Wa West and Wa Municipality, respectively, answered (No) to the statement that, regardless of the rate of siltation in the dam, they believe the water level will not remain same. Statistically, there was no significant difference in association between the small-scale farmers' response to the expectation of the same water current in the dam this year to be the same quantity as in the next ten years, regardless of the dam's current rate of siltation, and the study Districts (Wa West and Wa Municipality) (P-value > 0.05).
Finally, in Table 4. 6, the findings on whether there were other none-human activities that could have a negative influence on the water in the dam revealed that, on a scale of Yes, No, or No idea, slightly more than half (52%) of the small-scale irrigation farmers in Wa West District had No idea, slightly more than one-quarter (40%) answered Yes, and the fewest (8.0 percent) answered No. In Wa Municipality, slightly more than one-quarter (28%) of small-scale irrigation farmers answered No to the question of whether there are other none-human activities that have a negative influence on the water in the dam, slightly more than one-quarter (34%) answered Yes, and another category that was also slightly more than one-quarter (38%) had no idea. The study found a statistically significant association between knowledge of other non-human activities that have a negative impact on the water in the dam and the two study Districts (Wa West and Wa Municipality) (P-value = 0.032, X2 = 6.888). 
This findings agrees with earlier investigation conducted by (Golosov et al., 2017, de Oliveira et al., 2019; Tong et al., 2020) which says that; there is significant interest in the way environmental changes affects catchment sediment yield. unresolved questions associated with the spatial and temporal changes of the factors inducing the magnitude of soil erosion and sediment yield, i.e., especially erosion caused rainfall and runoff, topography, crops, cultural practices factor and sediment delivery ratio. Besides these, the way in which these may be quantitatively associated with climate and land use changes requires attention (Yermolaev et al., 2014.  Belyaev et al., 2017; Honek et al., 2020). 



[bookmark: _Toc124155235][bookmark: _Hlk118763667][bookmark: _Hlk115573831]Table 4.7: Use of dam water for economic activities among small-scale farmers in the Districts of the study
	Use of dam water for Economic activities
	Response categories

	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	What economic activity do you use the water for
	Vegetable production
	49
	42
	7.609
	0.022

	
	
	98%
	84%
	
	

	
	Fishing
	1
	5
	
	

	
	
	2%
	10%
	
	

	
	Livestock rearing
	0
	3
	
	

	
	
	0%
	6%
	
	

	Does the siltation of reservoir affect vegetable production
	No
	1
	9
	7.111
	0.008

	
	
	2%
	18%
	
	

	
	Yes
	49
	41
	
	

	
	
	98%
	82%
	
	

	Does the siltation of reservoir affect Fishing
	No
	45
	38
	3.473
	0.062

	
	
	90%
	76%
	
	

	
	Yes
	5
	12
	
	

	
	
	10%
	24%
	
	

	Does the siltation of reservoir affect Livestock rearing
	No
	40
	33
	2.486
	0.115

	
	
	80%
	66%
	
	

	
	Yes
	10
	17
	
	

	
	
	20%
	34%
	
	


Source: Field study (July, 2022)
 As shown in Plate 4.9 and Plate 4.10 in Appendix C, some few people use the small scale dams for other purposes besides vegetable cultivation from the communities where they are sited, this include; rearing of livestock and fishing.  Findings as shown in Table 4.7, nearly all (98%) of the small-scale irrigation farmers in Wa West and a greater majority (84%) of the small-scale farmers in Wa Municipality used dam water for vegetable production. However, fewer small-scale farmers (2%) and (10%) in Wa West and Wa Municipality, respectively, used the small scale dams for fishing. In addition, fewer (6%) of small-scale farmers in Wa Municipality used dam water for livestock rearing. As a result, the study discovered a statistically significant relationship between the type of economic activity dam water is used for and the study Districts (Wa West and Wa Municipality) (P-value = 0.022, X2 = 7.609). This finding indicates that, while dam/dam water is primarily used for vegetable farming, it is gradually being adopted and utilized for other purposes. This implies that the purpose for which the majority of the irrigation dams were built is gradually being met. In response to a key informant's question about the economic benefits of small-scale dams in his jurisdiction, the key informant stated that, “The use of small-scale dams in the Wa Municipality is gradually expanding beyond agricultural purposes such as irrigated farming, fishing, and livestock to include commercial use for construction and vehicle washing to generate income for the youth.” (Key informant, Department of Food and Agriculture, Wa Municipal, August 2022)). The findings of the study are congruent with those of (Yielo et al., 2019), who revealed that dam water is used for a range of activities/purposes, including domestic animal watering.
The study's findings on whether dam siltation affects vegetable production revealed that, based on a column proportion of Yes or No, nearly all (98%) of small-scale farmers in Wa West, and the vast majority (82%) of small-scale farmers in Wa Municipality, answered Yes to the statement that dam siltation affects vegetable production. The study established statistically that there was a significant difference in association between dam siltation affecting vegetable production and the two study Districts (Wa West and Wa Municipality) (P = 0.008, X2 = 7.111).
Results from  the study findings indicates that, almost all (90%) of the small-scale farmers in Wa West and the majority (76%) of the small-scale farmers in the Wa Municipality answered No to the question of whether dam siltation affects fishing activities. The study found no statistically significant relationship between siltation affecting fishing activities and the study Districts (P-value = 0.062, X2 = 3.473). Based on the findings regarding the effects of dam siltation on vegetable production and fishing activities, it is possible to conclude that dam siltation primarily affects vegetable production in Wa West District and Wa Municipality. 
Furthermore, the study's findings on whether siltation affects livestock rearing revealed that, based on a column proportion of Yes or No, a greater proportion (80%) of small-scale farmers in the Wa West District answered No, implying that siltation of dams in the Wa West District has no effect on livestock rearing. Similarly, in Wa Municipality, many small-scale farmers (66%) answered NO in a column proportion of Yes or No that siltation dam affects livestock rearing. Nonetheless, more than a quarter (34%) of small-scale farmers in Wa Municipality agreed that dam siltation in the District had an impact on livestock rearing. However, there was no statistically significant difference between the effect of dam siltation on livestock rearing and the study Districts (Wa West and Wa Municipality) (P-value > 0.05).
[bookmark: _Toc118764466][bookmark: _Toc127797624]4.4	The effect of siltation on small holder irrigation production levels in the Region
This section of the results analysis presents the findings of the study's objective two. It sought to determine the effect of siltation on small-holder irrigation production levels in the study areas, in the in Wa West District and Wa Municipality.  To be able to address this goal effectively, the analysis presented and discussed from the research findings on the effect of siltation on small-scale irrigation production levels in the study areas, descriptive statistics such as frequency, percentage, and crosstabulation have been used in this section. The effect of small-scale irrigation production in the areas is shown in Table 4.8. 

[bookmark: _Toc124155236][bookmark: _Hlk118763690]Table 4.8: The effect of siltation of small-scale irrigation production levels in the Region (a)
	
Questions

	Response categories
	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	What is the effect of limited water from your community dam on your production levels
	No idea
	10
	4
	4.620
	0.099

	
	
	20%
	8%
	
	

	
	Reduced production yield
	39
	46
	
	

	
	
	78%
	92%
	
	

	
	Increased production yield
	1
	0
	
	

	
	
	2%
	0.0%
	
	

	What is/are the cause (s) of the reduction in water volume in the dry season
	No idea
	2
	0
	6.406
	0.041

	
	
	4%
	0%
	
	

	
	Over use of water
	15
	25
	
	

	
	
	30%
	50%
	
	

	
	Siltation of the dam
	33
	25
	
	

	
	
	66%
	50%
	
	

	With respect to vegetable production, do you think farmers spend more money than necessary because of siltation
	No idea
	10
	5
	4.427
	0.109

	
	
	20%
	10%
	
	

	
	No
	7
	3
	
	

	
	
	14%
	6.0%
	
	

	
	Yes
	33
	42
	
	

	
	
	66%
	84.%
	
	

	If you answered yes in (25), what areas do they spent these monies on
	Farming inputs
	8
	12
	0.177
	0.674

	
	
	24.2%
	28.6%
	
	

	
	Labour
	25
	30
	
	

	
	
	75.8%
	71.4%
	
	


Source: Field study (July, 2022)
Results from the study's findings is presented in Table 4.8, the effect of limited water in the dam’s reservoir on production level is largely negative, with the majority (78% of small-scale farmers in Wa West District and nearly all (92%) of farmers in Wa Municipality confirming that limited water from their community dam had resulted in lower production yield. This suggests that small holder irrigation farmers in Wa West District and Wa Municipality appreciates that, limited water in their dams is a great barrier to their production potential. The study, however, discovered no statistically significant difference between the effect of limited water from the community dam on small-scale farmer production and the study Districts (P-value > 0.05). 
During  a Focus Group Discussion (FGD), a male discussant stated that,” In the wake of limited water in our dams due to siltation and other causes, stake holders such as GIDA, Assembly and our NGO partners should consider introducing modern means of irrigation including drip, sprinkler system as practice elsewhere. This I believe will help us also make most use of our limited water since the current practice of using canals, pumping, manual fetching and watering of plants encourages lots of waste of water which we do not have in abundance.” (Male discussant, Focus Group Discussion, Singbakpong, July, 2022
The results from the study findings also revealed that, in Wa West Districts, the majority (66%) of small-scale irrigation farmers identified dam siltation as the main cause of the reduction of water volume in the dry season, while more than one-quarter (30%) of small-scale farmers identified overuse of water as the cause of the reduction of water volume in the dry season. Nonetheless, opinions in Wa Municipality differed on the cause of the reduction in water volume during the dry season. For example, while an average (50%) of small-scale farmers identified dam siltation as the cause of reduced water volume during the dry season, another average (50%) identified overuse of water as the cause of reduced water volume during the dry season in the District. As a result, the study found a statistically significant relationship between the cause(s) of reduced water volume during the dry season and the study Districts (Wa West and Wa Municipality) (P-value =0.041, X2 =6.406). 
 The study's findings as shown in Table 4.8 reveals that, many (66%) small-scale farmers in Wa West District, and the vast majority (84%) of small-scale farmers in Wa Municipality, answered Yes to the question of whether farmers spent more money than necessary on vegetable production due to siltation. There was no statistically significant difference between small-scale farmers who believed they were spending more than necessary on vegetable farming due to siltation and the study Districts (Wa West and Wa Municipality) (P-value > 0.05). This means that smallholder irrigation farmers are subject to the vagaries of siltation because they are now spending more money on irrigation farm activities such as hiring labour to construct hand dug wells, purchasing water pumping machines, and water horses, among other things. A male responder at Baleofiili indicated in a focus group discussion that, “The effect of siltation is tremendous and requires a lot of action from government and other entities or agencies, the impact of siltation can be seen everywhere on our field, for example; there has been a growth in the number of hands dug wells in our individual plots to supplement water from the dam, which has greatly raised labour expenses and necessitated additional money" (Male FGD, Baleofilli, July 2022). 
This  findings are consistent with those of (Devi  et al. , 2014) and de Trincheria and (Otterpohl , 2018), who discovered that siltation reduces dam storage capacity, decreases infiltration and deep percolation rates, raises production costs (farmers now spend more), increases water loss through evaporation, and reduces aquifer recharge.
To identify the areas in vegetable production where small-scale farmers spent more money due to siltation, the study's findings revealed that the majority (75.8%) and (71.4%) of small-scale farmers in Wa West and Wa Municipality, respectively, spent a large portion of their vegetable production funds on labour. As a result, the findings could be interpreted to mean that dam siltation increased the amount of labour required in vegetable production in the study's two Districts. Nonetheless, the study found no statistically significant association between areas where money is spent on vegetable production and the study Districts (Wa West and Wa Municipality) (P-value > 0.05). 
In a Focus Group Discussion (FGD) held at Singbakpong, in the Wa Municipality, a discussant stated that, "Siltation has compelled most of us to rely on water from manually dug wells to irrigate our crops which calls for higher labour cost.  Other farmers who can afford it, usually opt for pumping equipment to irrigate theirs. While those of us who use hand dug well complain of the intensity of labour involve, our other counterparts’ situation has been exacerbated by the surging fuel prices at the fuel pump stations.  So, there is no escape route to avoid the higher cost in irrigation which used to be a reliable source of income for us particularly during the lengthy dry season “(Male FGD, Singbakpong, July, 2022).
The findings are consistent with those of (Devi et al., 2014) and (de Trincheria and Otterpohl ,2018), who discovered that siltation reduces dam storage capacity, reduces infiltration and deep percolation rates, raises production costs (farmers now spend more than before), increases water loss through evaporation, and reduces aquifer recharge.










[bookmark: _Toc124155237][bookmark: _Hlk118763712]Table 4.9: The effect of siltation of small-scale irrigation production levels in the Region (b)
	Questions
	Response categories
	District
	Chi-square (X2)
	P-value

	
	
	Wa West
	Wa Municipal
	
	

	In which way does siltation reduce your income from your production?
	Excessive labour use
	30
	23
	3.830
	0.280

	
	
	60%
	46%
	
	

	
	Cost of fuel to pump water
	11
	11
	
	

	
	
	22%
	22%
	
	

	
	Frequent replacement of water hose
	9
	15
	
	

	
	
	18%
	30%
	
	

	
	Other
	0
	1
	
	

	
	
	0%
	2%
	
	

	Do you consider siltation as a threat to the use of your dam activities such as irrigation farming, fishing, and livestock production in your community?
	No idea
	3
	9
	8.253
	0.016

	
	
	6%
	18%
	
	

	
	No
	0
	3
	
	

	
	
	0%
	6%
	
	

	
	Yes
	47
	38
	
	

	
	
	94%
	76%
	
	

	Does the limited access to water due to silt, affect the values of productivity of your community farmers?
	No idea
	3
	6
	5.745
	0.057

	
	
	6%
	12%
	
	

	
	No
	1
	6
	
	

	
	
	2%
	12%
	
	

	
	Yes
	46
	38
	
	

	
	
	92%
	76%
	
	

	How will you describe the effect of inadequate water on your productivity at the moment
	Lowest
	2
	3
	3.365
	0.339

	
	
	4%
	6%
	
	

	
	Low
	32
	23
	
	

	
	
	64%
	46%
	
	

	
	High
	10
	16
	
	

	
	
	20%
	32%
	
	

	
	Highest
	6
	8
	
	

	
	
	12%
	16%
	
	

	With respect to irrigated farming, do you think siltation of the reservoir affect production levels of farmers in your community
	No idea
	28
	11
	14.293
	0.001

	
	
	56%
	22%
	
	

	
	No
	0
	2
	
	

	
	
	0%
	4%
	
	

	
	Yes
	22
	37
	
	

	
	
	44%
	74%
	
	

	How is income from the production been affected by the reduction in water level from your dam
	No idea
	8
	3
	10.688
	0.005

	
	
	16%
	6%
	
	

	
	Negatively
	42
	41
	
	

	
	
	84%
	82%
	
	

	
	Positively
	0
	6
	
	

	
	
	0%
	12%
	
	

	Do you hope to sustain your current level of production considering the pace of water level drops from your dam
	No idea
	9
	4
	6.127
	0.047

	
	
	18%
	8%
	
	

	
	No
	19
	31
	
	

	
	
	38%
	62%
	
	

	
	Yes
	22
	15
	
	

	
	
	44%
	30%
	
	


Source: Field study (July, 2022)
 Results from the study findings  as shown  in Table 4.9 indicates that, on the ways in which siltation reduces income from production, it was discovered that in Wa West, many (60%) of the small-scale irrigation farmers mentioned that siltation reduces production by causing the small-scale irrigation farmers to use excessive labour cost, less than one-quarter (22%) of the small-scale farmers mentioned cost of fuel for pumping of water, and few (18% mentioned frequent replacement of water hose as a source of income reduction. In Wa Municipality, a little less than half (46%) of small-scale farmers stated that one way siltation reduces their income from production is the surging  use of extra labour, more than one-quarter (30%) mentioned frequent replacement of water hose, and a little less than one-quarter (22%) mentioned increased cost of fuel for water pumping. This findings revealed that, irrigation farmers from the study areas consider the employment of labour to dig hand wells, the purchase and use of fuel pumping machines to irrigate the crops are additional cost that could be  avoided if their dams were not silted, hence , a significant reduction in their on their income.  The study found no statistically significant association between the way siltation reduces production income and the study Districts (P-value > 0.05). 
Secondly, response from Wa West District as presented in Table 4.9 shows that, based on a column proportion of Yes, No, or No idea, almost all (94%) of the small-scale irrigation farmers answered Yes to the question of whether siltation was a threat to the community's use of the dam for their agricultural activities such as irrigation farming, fishing, and livestock production. Similarly, in Wa Municipality, the majority (76%) of small-scale irrigation farmers said yes when asked if siltation was a threat to their use of the dam for their agricultural activities such as irrigation farming, fishing, and livestock production in the community. As a result, the study discovered a statistically significant difference between considering siltation as a threat to dam activities such as irrigation farming, fishing, and livestock production in the community and the study Districts (Wa West and Wa Municipality) (P-value = 0.016, X2 = 8.253). 
 Findings from the study as shown further indicates that, nearly all (92%) of the small-holder irrigation farmers in Wa West and the majority (76%) of the farmers in Wa Municipality answered Yes in a column proportion of Yes, No, and No idea, that limited access to water due to silt affects the value of productivity of the small holder irrigation farmers.. As a result, the study found no statistically significant difference between limited access to water due to silt affecting dam productivity and the study Districts (Wa West and Wa Municipality) (P-value > 0.05). 
Again, based on how small holder irrigation farmers described the effect of insufficient water on their agricultural productivity in the District at the time, the study discovered that many (64%) of small-holder irrigation farmers in Wa West District ranked the effect of insufficient water on their agricultural productivity at the time as low, while less than one-quarter (20%) ranked it as high. However, in Wa Municipality, less than half (46%) of the small-scale irrigation farmers rated the effect of insufficient water on their agricultural productivity in the Municipality as low, while more than one-quarter (32%) rated the effect as high. The study found no significant statistical difference between the effect of insufficient water on productivity and the study Districts (Wa West and Wa Municipality) (P-value > 0.05). 
Furthermore, based on a column proportion of Yes, No, or No idea, it was revealed that more than average (56%) of the small-scale farmers in Wa West District had No idea on if siltation of dam/ reservoir affect production level with respect to irrigated farming, while less than half (44%) answered Yes to this question. In Wa Municipality, however, the majority (74%) of small-scale farmers responded Yes that reservoir siltation affects farmers' production levels in irrigated farming. Thus, the study established that there was a significant statistical difference in association between small-scale farmers' knowledge that reservoir/dam siltation affected production levels in irrigated farming and the study Districts (P-value = 0.001, X2 =14.293). 
On how income from production has been affected by the reduction in water level in the small irrigation dam, the results showed that a greater majority (84%) and (82%) of small-scale irrigation farmers in Wa West District and Wa Municipality, respectively, answered that the income from production has been negatively affected by the reduction in water level from dam. The study discovered a statistically significant difference in association between how the income from production has been affected by the reduction of water level from the dam and the study Districts (Wa West and Wa Municipality) (P-value =0.005, X2 =10.688). 
Finally, the study found that, based on a column proportion of Yes, No, or No idea, below average (44%) of small-scale  irrigation farmers in Wa West Districts answered Yes to the question of whether they still hope to sustain their current level of production regardless of the pace of water level drop from the dam, while more than one-quarter answered No to the question of whether they still hope to sustain their current level of production considering the pace of water level drop from the dam. In Wa Municipality, however, the majority (62%) of small-scale farmers answered emphatically No to the question of whether they still hope to sustain current levels of production given the dam's current rate of water level drop, while more than one-quarter (30%) of small-scale farmers answered Yes. Statistically, the study's findings revealed a significant difference in the relationship between small-scale farmers' hope to maintain current production levels and the study District (Wa West and Wa Municipality) (P-value =0.047, X2 = 6.127).
[bookmark: _Toc118764467][bookmark: _Toc127797625]4.5 The effect of siltation of small-scale irrigation dams on the livelihoods of small holder irrigation farmers in the Region
The study's third goal of the research was to determine the impact of siltation on the livelihoods of small-holder irrigation farmers in the study areas. Findings in this section are presented using descriptive statistics (percentages, frequencies distributions, and crosstabulation).  The effect of small-scale irrigation dams on the livelihoods of small-scale irrigation farmers in the study area is shown in Table 4. 10. 

The results shown in Table 4.10 revealed that a greater majority (84%) of small-scale irrigation farmers earned between Ghc 365 and Ghc 5,242 from the use of dam for irrigation farming in Wa West District, while fewer (12%) small-scale irrigation farmers earned between Ghc 5,243 and 10,121. In Wa Municipality, however, a lower-than-average (42%) of small-scale farmers earned between Ghc 365 and 5,242, while some other small-scale farmers whose population was also lower-than-average (42%) earned between Ghc 5,243 and Ghc 10,121 from the use of dams for irrigation farming. This findings revealed that, at least everyone who uses the small irrigation dam for any agricultural activity for his or her choice earn an income though varied  The study found a statistically significant relationship between the income earned from the use of dams for irrigation farming and the study Districts (Wa West and Wa Municipality) (P-value = 0.001, X2 = 24.279). This findings suggests that, small-scale irrigation farmers earned Ghc₵ 3,771.00 on average (standard deviation = Gh₵ 3,844.294) when they used the neighbourhood small scale dam for irrigation farming. To illustrate further, a small-scale farmer's minimum income is Ghc 100 and his maximum income is Ghc 15,000. As a result, the findings revealed that there is a wide variation in the income earned by small-scale irrigation farmers from the use of a neighbourhood dam for irrigation farming. 
 A female respondent in a Focus Group Discussion (FGD) session at Baleofiili in the Wa West District stated that, "Income from this irrigation farming has helped all of my children attained higher education without which it would not have been possible, but thank God I was able to pay their school fees from this irrigation farm. Some are now working as teachers, nurses and therefore taking very good care of me. I will encourage everyone else to take irrigation farming more seriously in order to generate money and never go hungry throughout the year." (Female, FGD, Baleofiili, July 2022).
 Another discussant has this to say during the session,” I am currently living in a house with my family with sales from our irrigated vegetables and other crops for the past ten years, my motor bike, and children’s school fees all come from this irrigation dam, so I have no holidays throughout the year. I therefore add my voice to the earlier contributor and urge all to give attention to irrigation farming because it is very helpful.”  (Male, FGD, Baleofiili, July 2022).

This outcome revealed that, some small holder irrigation farmers are making a fortune from their production to support their family needs. This findings of the study are consistent with the findings of (Dillon, 2011a), who observed that improved access to irrigation boosts household expenditure and asset development in Mali. Similarly, the findings of the study also reflect that of earlier studies by (Schuenemann et al., 2018), which showed that irrigated farming had a favourable and substantial effect on cereal crop yields, household income, and poverty reduction in China and Malawi, respectively.




[bookmark: _Toc124155238][bookmark: _Hlk118763733][bookmark: _Hlk115575018]Table 4.10: Effect of siltation of small-scale irrigation dams on the livelihoods of small-scale irrigation farmers in the Upper West Region
	Questions
	Response categories
	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	How much income do you make using the dam in your neighbourhood for irrigation farming?
	Less than 365
	2
	2
	24.279
	0.000

	
	
	4%
	4%
	
	

	
	365 – 5242
	42
	21
	
	

	
	
	84%
	42%
	
	

	
	5243 – 10121
	6
	21
	
	

	
	
	12%
	42%
	
	

	
	10122 - 15000
	0
	6
	
	

	
	
	0%
	12%
	
	

	What is the plot size of your farm at the dam site?
	Less than 3 Sq/m
	27
	20
	7.757
	0.051

	
	
	54%
	40%
	
	

	
	4 - 7 Sq/m
	14
	26
	
	

	
	
	28%
	52%
	
	

	
	8 - 11 Sq/m
	5
	1
	
	

	
	
	10%
	2%
	
	

	
	12/more Sq/m
	4
	3
	
	

	
	
	8%
	6%
	
	

	How many bags do you cultivate per your production in recent times?
	1 Bag/Less
	0
	13
	42.215
	0.000

	
	
	0%
	26%
	
	

	
	1 - 3 bags
	21
	33
	
	

	
	
	42%
	66%
	
	

	
	3 - 6 bags
	24
	3
	
	

	
	
	48%
	6%
	
	

	
	6/+Bags
	5
	1
	
	

	
	
	10%
	2%
	
	

	Have your level of production increase or decrease in recent times?
	Decrease
	45
	23
	28.556
	0.000

	
	
	90%
	46%
	
	

	
	Same as previous
	5
	16
	
	

	
	
	10%
	32%
	
	

	
	Increase
	0
	11
	
	

	
	
	0%
	22%
	
	

	Do you rely solely on the income from your chosen activity on the dam for the family livelihood?
	No
	27
	46
	18.316
	0.000

	
	
	54%
	92%
	
	

	
	Yes
	23
	4
	
	

	
	
	46%
	8%
	
	

	Do you spend some extra money in your operations because of siltation?
	No idea
	0
	2
	24.768
	0.000

	
	
	0%
	4%
	
	

	
	No
	23
	3
	
	

	
	
	46%
	6%
	
	

	
	Yes
	27
	45
	
	

	
	
	54%
	90%
	
	

	Does this expenditure generate enough returns/income?
	No idea
	9
	6
	12.012
	0.002

	
	
	18%
	12%
	
	

	
	No
	39
	29
	
	

	
	
	78%
	58%
	
	

	
	Yes
	2
	15
	
	

	
	
	4%
	30%
	
	


 Source: Field study (July, 2022).
As captured in Plate 4.4, plots with varied sizes are allocated to individual small holder irrigation farmers by their leadership in the various communities in the study area based on their own set criteria. The study found this practice to be common in both Wa West District and Wa Municipality and appeared to be generally acceptable to all participants. Further investigation showed that, some farmers are using earth bonds to demarcate their plot boundaries as shown again in Plate 4.4 which also served as a means of irrigated water control within their plots since the farmers usually employ flooded irrigation system on their fields. Whilst other farmers especially those at the periphery of the irrigable areas uses planting materials such as milk bush (Euphorbia tirucalli) to demarcate their plots, these planting materials also served as fence against animal intrusion.
The study found that in Wa West District, while above average (54%) of smallholder irrigation farmers had land plots measuring less than 3 Sq/m at the dam irrigation site, more than one-quarter (28%) of small-scale farmers had plots measuring 4 to 7 Sq/m at the dam irrigation site, and fewer (8%) of small-scale farmers had farm plot size measuring about 12 or more Sq/m at the dam site.  In Wa Municipality, however, slightly more (52%) of small-scale farmers had land plots measuring 4 to 7 Sq/m at the dam site, slightly less (40%) had land plots measuring less than 3 Sq/m, and fewer (6%) had farm land plots measuring 12 or more Sq/m. The study concluded that there was a statistically significant difference between the plot size of farm land at the dam irrigation site, and the study District (P-value =0.051, X2 =7.757).
This findings from the study implies that, small-scale irrigation farmers from the study areas own a plot size of about 13.84 Sq/m (standard deviation = 19.697 Sq/m) of farm land on the dam site. So, at the dam site, the minimum plot size for small-scale farmers is 4 Sq/m and the maximum size is 75 Sq/m. As a result, there was a wide range of variation between the minimum and maximum plot size owned by small-scale farmers at dam sites that deviated from the mean. 
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[bookmark: _Toc127797387]Plate 4.4, Areal view of individual irrigated farmers’ plots at Busa Irrigation Scheme.
Source: Field Study (July, 2022).
Results from the study’s findings as presented in Table 4. 10 revealed that, individual small holder irrigation farmers produce vegetables such green pepper, okra, carrots, cabbage, onions among others based on their market surveys and previous income experiences over the years.  on the calculation of production quantity (per bags)   cultivated per farming activity in recent times, slightly above average (48%) of the small-scale irrigation farmers in Wa West affirmed that based on recent irrigation farming activities they carried out, they cultivated about 3 to 6 bags, slightly below average (42%) of the small-scale irrigation farmers cultivated 1 to 3 bags, and fewer (10%) small-scale irrigation farmers cultivated 6+ bags per recent farming activity.  In Wa municipality, it was discovered that, despite the fact that many (66%) of small-scale farmers cultivated about 1 to 3 bags per their recent irrigation farming activity, slightly more than one-quarter (26%) of the farmers cultivated 1 bag or less, and the fewest (6%) cultivated about 3 to 6 bags from small-scale irrigation farming activities. As a result, the study discovered a statistically significant relationship between the quantity cultivated per recent irrigation farming activity in recent times and the study Districts (Wa West and Wa Municipality) (P-value =0.001, X2 =42.215). Furthermore, the study discovered that small-scale irrigation farmers cultivate 109.5 bags (standard deviation =73.533 bags) per recent activity in recent time. Small-scale irrigation farmers, for example, cultivate at least 2 bags and up to 311 bags. This demonstrates that there is a wide variation in production cultivation quantity among small-scale irrigation farmers who deviate from the mean.

Additionally, the study sought to find out from respondents whether their level of vegetable production using water from their  dam has increase or decrease in recent times .The findings revealed that, almost all (90%) of the small-scale irrigation farmers in Wa West confirmed that their level of production has decreased in recent times. But fewer (10%) confirmed that their levels of production have remained the same as in previous years. On the other hand, while less than half (46%) of small-scale irrigation farmers reported a decrease in production level in recent times, more than a quarter (32%) of small holder irrigation farmers confirmed that they still had the same level of production as before, while less than a quarter (22%) confirmed that they had increased level of production in recent times. The study found a statistically significant difference in association between the level of increase or decrease in production in recent years and the study Districts (P-value = 0.001, X2 =28.556). 
Furthermore, the study's findings revealed that, while nearly all (92%) of small-scale irrigation farmers in Wa Municipality did not rely solely on income from small-scale irrigation dam farming activities for family livelihood, nearly average (46%) of small-scale farmers in Wa West District did. Nonetheless, an above-average (54%) of Wa West's small-scale farmers did not rely solely on income from small-scale irrigation dam farming for family livelihood. The study discovered a statistically significant difference in association between sole reliance on income from selected small-scale irrigation dam activity for the family's livelihood and the study Districts (Wa West and Wa Municipality) (P-value =0.001, X2 =18.316). A male discussant said in a Focus Group Discussion (FGD) at Baleofilli in the Wa West District, “The fear of total crop failure due to limited water as we experienced in the recent past has made some of us cautious about the performance of smallholder irrigation farming. This development has push some of us to diversify our sources of income into petty trading to supplement our income from the farming" (Male FGD, Siiru, July, 2022). 
This finding is consistent with earlier research conducted by (Schuenemann et al., 2018), who discovered that irrigation development has a positive and significant impact on household income, cereal crop yields, and poverty reduction in many countries around the world. However, the unpredictability of vegetables and crops forces farmers to diversify their opportunities by engaging in livestock rearing or trading. In terms of impact assessment, irrigation development may have an impact on household income diversification by influencing both agricultural and non-farm activities. Even farmers who previously relied heavily on cereal crop cultivation as their primary source of farm income may shift to the cultivation of both cash crops and grains as irrigation availability improves, reducing the economic risks associated with single crop farming. 
Also, on the question of whether small-scale farmers spend extra money on operation due to siltation, the results revealed that, about (54%) of the small-scale farmers in Wa West answered Yes to incurring extra monetary expenses on operation cost due to siltation, while nearly half (46%) of the small-scale farmers answered No. In a similar situation, nearly all (90%) of small-scale farmers in Wa Municipality said they spent extra money on operation costs due to siltation. As a result, it was determined that there was a statistically significant difference between extra money spent on operation due to siltation and study Districts (P-value = 0.001, X2 =24.768). 
In terms of whether the extra expenditure generated enough income/returns, the results showed that many (78%) of the small-scale farmers in Wa West answered No. Indicating that they did not generate enough income from the expenses incurred due to siltation. Similarly, in Wa Municipality, more than half (58%) of small-scale farmers answered No, indicating that they did not generate enough returns/income from the expenditure made. However, more than one-quarter (30%) responded in the affirmative, indicating that they did generate sufficient returns/income from the additional production expenditures incurred due to siltation. As a result, the study discovered a statistically significant difference in the association between siltation expenditure generating sufficient returns/income and the study Districts (P-value = 0.002, X2 =12.012)
[bookmark: _Toc127797626]4.6	The mitigation strategies employed by small-holder irrigation farmers in the Region to reduce the effects of siltation of small-scale irrigation dams on their livelihoods
This section of the study findings analysis presents the outcome and discussions on the study’s final objective.  Thus, the mitigation strategies used by small-holder irrigation farmers in the in the study areas to reduce the impact of siltation of small-scale irrigation dams on the respondents livelihoods. To better understand the issues on the mitigation strategies adopted by the small holder irrigation farmers in the study areas to reduce the effect of siltation on their livelihood, the findings are presented and discussed using descriptive statistics (minimum, maximum, mean, and standard deviation). Crosstabulation was performed using various categories of small-scale farmers' mitigation strategies and the Districts in which they live. Table 4.11 presents findings on the mitigation strategies used by small-scale irrigation farmers in the study areas to reduce the impact of siltation of small-scale irrigation dams on their livelihood. 











[bookmark: _Toc124155239][bookmark: _Hlk118763766][bookmark: _Hlk115575758][bookmark: _Hlk115576372]Table 4.11: Mitigation strategies used by small-scale irrigation farmers to reduce effect of siltation of small-scale irrigation dam on their livelihood in the Upper West Region
	Questions

	Response categories
	District
	Chi-square (X2)
	p-value

	
	
	Wa West
	Wa Municipal
	
	

	Do you have water user association (WUA) at the project site?
	No idea
	27
	6
	23.166
	0.000

	
	
	54%
	12%
	
	

	
	No
	8
	26
	
	

	
	
	16%
	52%
	
	

	
	Yes
	15
	18
	
	

	
	
	30%
	36%
	
	

	Are all the interested stakeholder’s part of the WUA?
	No idea
	43
	38
	5.921
	0.052

	
	
	86%
	76%
	
	

	
	No
	7
	8
	
	

	
	
	14%
	16%
	
	

	
	Yes
	0
	4
	
	

	
	
	0%
	8%
	
	

	Has the WUA acknowledged the rapid decrease in your water level as a problem on your community dam?
	No idea
	47
	37
	23.374
	0.000

	
	
	94%
	74%
	
	

	
	No
	3
	0
	
	

	
	
	6%
	0%
	
	

	
	Yes
	0
	13
	
	

	
	
	0%
	26%
	
	

	Is WUA taking steps to curve siltation at the dam site?
	No idea
	49
	40
	12.342
	0.002

	
	
	98%
	80%
	
	

	
	No
	1
	2
	
	

	
	
	2%
	4%
	
	

	
	Yes
	0
	8
	
	

	
	
	0%
	16%
	
	


Source: Field study (July, 2022)
Results from the study’s findings as presented in Table 4. 11 stipulated that,   more than half (54%) of the small-scale farmers irrigation in Wa West District had no idea if they have water user association at the project site, more than one-quarter (30%) of the small-scale farmers answered Yes to the fact that they have water user association at the project site, and a few (16%) of the small-holder farmers answered No. slightly more than half (52%) of small-scale farmers in Wa Municipality answered No to the question of having water user association at the project site, slightly more than one-quarter answered Yes to the question of having water user association at the project site, and fewer (12%) small-scale farmers had no idea. The study discovered a statistically significant association between having a water user association at the project site and the study Districts (Wa West and Wa Municipality) (P-value =0.001, X2 =23.166). 
Findings from the study results stipulated that, a vast majority (86%) of the small-scale farmers in Wa West and majority (76%) of the small-scale farmers in Wa Municipality respectively, answered Yes that all the stakeholders are part of the water users association. Thus, the study found a statistically significant difference in association between all interested stakeholders who were members of the water user association in the study areas (Wa West and Wa Municipality) (P-value =0.052, X2 =5.921). There is an apparent contradiction from the responses on the existence of Water User Association and the participation of all stake holders in the association. This findings suggests that, Water User Associations (WUA) as prescribed by law, LI 2230 (WUA Law) 2019, is not established in the study areas or dormant and or the respondents have considered their own leadership to be the prescribed association by law. 
 Findings from the study also revealed that, aside from small-scale farmers who engage in the cropping of vegetables especially in the dry season, other stakeholder who are users or beneficiaries of dams are nomadic cattle herders, fisher men, and domestic users. In response to the question of who can work together to effectively manage small-scale irrigation schemes, a key informant from the Ghana Irrigation Development Authority (GIDA) stated, 'Stakeholders on irrigation facilities in his jurisdiction include; Department of Food and Agriculture staff in the respective areas, opinion leaders, farmers on the schemes, fishermen, service providers such as agricultural machinery, millers, Chiefs in the areas, Assembly member (Key informant’ GIDA, Wa Municipal, August 2022).
Finally, results from the study’s findings as shown in Table 4.11 indicates that, nearly all (94%) of small-scale farmers in Wa West and the majority (74%) of small-scale farmers in Wa Municipality had no idea whether the water user association recognized the rapid decrease in water level as a problem in the community dam. As a result, a statistically significant association was discovered between the water user association recognizing rapid decrease of water level as a problem in community dams and the study Districts (Wa West and Wa Municipality) (P-value =0.001, X2 =23.374). 
Furthermore, the study found that almost all (98%) of small-scale farmers in Wa West and a larger majority (80%) of small-scale farmers in Wa Municipality had no idea if the water user association was taking steps to reduce siltation at the dam site. Thus, the study established a statistically significant difference in association between the water user association taking steps to curtail siltation at the dam site and the study Districts (Wa West and Wa Municipality (P-value =0.002, X2 =12.342). 
A key informant from the Upper West Region's Water Resources Commission (WRC) stated that, "The establishment of buffer zones (widths of 60 - 90) metres with cover plant or trees upstream of reservoirs or dams will ensure sustainable means of controlling siltation and other undesirable inflows into our water bodies. Additionally, when temperatures are high, this method reduces evaporation of water from dams or reservoirs, preserving more water for irrigated farmers, fisherman, and cattle use. Furthermore, if executed effectively, this project will prevent people from farming or tilling ground upstream during the rainy season, as this encourages siltation through run off." (Key Informant Interview, Water Resources Commission, Wa Municipal, August 20, 2022).
This findings is contrary to an earlier study carried by (Huang et al., 2018; Adongo et al., 2019), thus; reservoirs, dams and their associated facilities store water during the rainy season within their designed capacity and make it available for humans and animals to use in their immediate environment.The development, operations, management and sustenance of dams is increasingly growing and becoming even more relevant in recent years, due to the erratic rainfall patterns and water scarcity in most countries globally. 






[bookmark: _Toc118764468][bookmark: _Toc127797627]CHAPTER FIVE
[bookmark: _Toc127797628]SUMMARY, CONCLUSION AND RECOMMENDATION
[bookmark: _Toc118764469][bookmark: _Toc127797629]5.1	Introduction
This chapter provides the summary of the salient findings, inferences and recommendations that are forwarded to how the following objectives were achieved. To ascertain the key causes of siltation in the selected study areas, to investigate if siltation of small irrigation dams in the Wa West District and Wa Municipality has a negative influence of on production levels of small holder irrigation farmers in the study communities, the research also sought to find out if siltation has put any limitations on the income of small holder irrigation farmers in the two Districts and finally, to examine the mitigating measures adopted by small scale irrigation farmers in mitigating the effects of  siltation on their livelihoods in the study areas. These outcomes may set the grounds for further measures into the sustenance of existing small scale dams and the development of new ones with issues of siltation incorporated into the designs and management since small scale dams is a major tool for food security and poverty reduction particularly in the long dry season in the study areas.
[bookmark: _Toc118764470][bookmark: _Toc127797630]5.2	Summary of major findings
Based on the study’s findings, the following outcomes were made:
[bookmark: _Toc118764471][bookmark: _Toc127797631]5.2.1	The causes of siltation on small-scale irrigation dams in the Region
The first goal of the study was to investigate the causes of siltation in small-scale irrigation dams in the study areas, more specifically; at Baleofiili, Siiru, Singbakpong and Busa in Wa West and Wa Municipality respectively. Preliminary findings from the investigation revealed that, smallholder irrigation farmers in the study Districts (Wa West and Wa Municipal) had water in their small irrigation dams throughout the dry season despite the existence of siltation in the reservoirs. Small holder irrigation farmers acknowledged the presence of siltation on their small dams and reduction it has caused in their water volume. The investigation identified both natural and anthropogenic sources as contributory factors to slitting the small scale dams in the study communities
[bookmark: _Toc118764472][bookmark: _Toc127797632]5.2.2	The effect of siltation on small holder irrigation production levels in the Region
[bookmark: _Hlk116214252]The second goal of this research is to determine the impact of siltation on small-holder irrigation production levels in the study areas, specifically in the Wa West District and Wa Municipality. Outcomes obtained from this study revealed that, majority of small-scale irrigation farmers in Wa West Districts, compared to their counterparts in Wa Municipality, identified dam siltation as the primary cause of water volume reduction during the dry season. The findings also shows that, many small holder irrigation farmers in Wa West District and the vast majority  in Wa Municipality confirmed they spent more money than necessary on vegetable production due to siltation. The research discovered the effect of limited water from the small irrigation dams on production level is largely negative, with the majority of small holder farmers in Wa West District and nearly all their counterparts in Wa Municipality agreeing that limited water from community dam resulted in lower production yield. More revelations from the study again shows that, in vegetable production, irrigation farmers have reduce their quantum of production  due to siltation, in both Wa West and Wa Municipality. This suggests that, dam siltation has increased the amount of labour required in the two Districts studied. Smallholder irrigation farmers have therefore observed the effect of siltation in reservoirs was becoming a threat to their activities though it has minimal effects on fishermen and livestock farmers.
[bookmark: _Toc127797633][bookmark: _Toc118764473][bookmark: _Hlk116113530]5.2.3 The effects of siltation on small holder irrigation farmers’ livelihood.	
The next goal of the investigation was to determine the impact of siltation on the livelihood of small-scale irrigation farmers in the 4 selected communities. The study found small scale irrigation dams’ farmers earned varied income between Ghc 365 and Ghc 10,121 from the use of dams for irrigation farming in the study communities,, but  majority earnings from their irrigational activities falls between Ghc 365 and 5,242 per dry season. Small holder irrigation farm sizes were found to range from 4 sq.m (square metre to 75 sqm (square metre) in the study areas, whilst their vegetable quantum production also ranged from 1 to 3 bags per harvesting in recent periods.  However, these earnings are always eroded always from the income of the small holder irrigation farmer because, a significant portion of their income is mostly spent on labour through the hiring of labour to dig hand dug wells and purchases of basic irrigation equipment such as water pumping machine to supplement the limited water from the small dams as result of siltation. Hence, the investigation found siltation related cost to small holder irrigation farmers as a burden that that impacts negatively on the livelihoods in the two Districts.
.
[bookmark: _Toc118764474][bookmark: _Toc127797634]5.2.4	The mitigation strategies employed by small-holder irrigation farmers in the Region to reduce the effects of siltation of small-scale irrigation dams on their livelihoods
The final objective of the study sought to investigate the mitigation strategies used by small-holder irrigation farmers in the study communities to reduce the impact of siltation on small-scale irrigation dam siltation on the livelihoods of the beneficiaries. Outcome from the study findings reveals that, Water Users Association (WUA) which is ought to be a safe vehicle for the management, maintenance and other means of reaching out to the small holder irrigation farmers is not existent or dormant in the two Districts. Further findings revealed that, a vast majority of small-scale irrigation farmers in Wa West and Wa Municipality believed that as part of siltation mitigation strategies, all stakeholders (chiefs, farmers, extension officers, and GIDA) should be members of the water management body. They also recognised nomadic cattle herders, fishermen, and domestic users as other beneficiaries that should be brought on board. Additional findings indicates that, a sustainable method of preventing siltation and other undesired inflows into our water bodies is to establish buffer zones (widths of 60 to 90 meters) upstream of reservoirs or dams with cover plants or trees. Secondly, when temperatures are high, this strategy decreases the evaporation of water from dams or reservoirs, conserving more water for irrigated farmers, fisherman, and livestock consumption. Additionally, if properly carried out, this buffer will prevent people from farming or tilling ground upstream during the rainy season, as doing so encourages siltation through run off.
The study was conducted in 4 selected communities with small scale dams in Wa West District and Wa Municipal of the Upper West Region. The research focused on the effects siltation of small irrigation dams has on the livelihoods of the people who depends on them especially in the dry season. Findings from the study identified; run-off water, growth of southern cattail grass and water hyacinth in reservoirs as some of the natural causes of siltation at the selected irrigation schemes. The study also discovered that community members in Wa West and Wa Municipality contributed to dam siltation through upstream cropping, dumping refuse in water, upstream and animal grazing.
Secondly, the investigation found siltation as a prime cause of water volume reduction during the dry season and low productivity of vegetables in recent times in all the study areas since their access to water for vegetable production is increasingly becoming more challenging as compared to the past. This current development have also resulted in higher cost of vegetable productivity and subsequent reduction of income to the small holder irrigation farmers. The challenge of limited water accessibility is however not felt by other users of the small dams including fishermen, livestock farmers and domestic users of water from the small dams in the 4 selected communities. Water volume from the various small irrigation dams will drop dramatically over the next ten years if siltation is not controlled or stopped. The research affirmed that, Water Users Association is practically dormant in the two District. This association is supposed to be an effective vehicle in the management of the water schemes and again strategizing to mitigate the effects of siltation which is confirmed to be a threat to the livelihoods of the small holder irrigation farmers in the study areas.
The Complex Adaptive Systems (CAS), served as the foundation for this study because it is better suited for it given that the area under study includes a variety of stakeholders who have varying levels of understanding of their strategies and methods. For instance, researchers, professionals, and technical organizations such as the Ghana Irrigation Development Authority, Water Resources Commission, among others, have a good understanding of siltation and its detrimental effects on the availability of water to smallholder irrigation farmers and other stakeholders downstream, the beneficiaries were found to be significantly contributing to silting the schemes through anthropogenic practices, even though natural causes cannot be ruled out. This theory, which is still in its infancy, can be summed up as "inter-relationship, inter-action, and inter-connectivity of elements within a system and between a system and its environment." As opposed to this, complex adaptive systems (CAS) are made up of a number of interconnected pieces (referred to as agents) that cooperate to function as a single unit, have the ability to learn from their prior experiences, and can adapt to changing environmental conditions.
The conceptual framework for this analyses as presented in Fig 2.4 shows the effects of siltation on the livelihoods of small holder irrigation farmers and other users.  Small holder Irrigation farming as a livelihood activity can be possible and effective depending on the availability of water and other resources. Basically, the presence of environmental resources such as land and water make an environment agricultural base. The role of the academia and research has become more paramount in this study as it exposes the strengths, weakness, opportunities and threats confronting the small holder irrigation farmer. This information may help government, donor partners and relevant stakeholders to make informed policy decisions and also address other needs of the people. The increasing levels of agricultural outputs through small holder irrigation farmers in the various communities tends to improve food security situation of households, increase income levels of small holder irrigation farmers for the purchases of other services such as education, health, communication and transport. Small holder irrigation farming when given the needed support has the potential to create descent jobs for the youth and possibly reduce out migration. Small holder irrigation system when supported by relevant partners may go a long way to address issues of rural poverty, malnutrition and food security. The system therefore needs the attention of all stakeholders in the agricultural value chain to serve humanity and sustain livelihood of small holder irrigation farmers.

[bookmark: _Toc118764476][bookmark: _Toc127797635]5.4 Recommendations
· Stakeholders including; the small holder irrigation farmers, fishermen, livestock farmers and community beneficiaries should take advantage of the Green Ghana Project by Ghana Government to establish a buffer zone on upstream of small dams/reservoirs with economic trees of their choice as stipulated by the Water Resources Commission (WRC), in all surface water bodies in the Region.
· Small holder irrigation farmers in partnership with other water users from the communities should organize and remove water hyacinth, growing weeds, and other materials from their reservoirs on a regular basis. 
· The Ghana Irrigation Development Authority (GIDA) and its development partners in irrigated agriculture should consider introducing more efficient irrigation systems such as spray tubes, sprinkler, and drip systems of irrigation, because siltation can only be managed but not completely eliminated on surface water bodies such as dams and dug outs.
· Ghana Irrigation Development Authority should institute regular training for small holder irrigation farmers on effective use and management of limited water resources that can yield higher vegetable production in the dry season. 
· The Department of Agriculture in the Region should collaborate with Ghana Irrigation Development Authority on the irrigation schemes to give farmers marketing trends that will guard farmers to make informed decisions on vegetable produces that will earn them better incomes. 
· The Ministry of Aquaculture, Water Resources Commission, Ghana Irrigation Development Authority in partnership with the Municipal and District Assemblies in the Region should identify relevant partners that can finance development of aquaculture on the small irrigation dams to provide additional source of income to the small holder irrigation farmers.
· Traditional authorities in partnership with Municipal and District Assemblies in the Region should collaborate with the Forestry Commission to supply small holder irrigation farmers with resilient economic trees of their choice under the Green Ghana Project that will guarantee additional income to the small holder irrigation as a long term solution to their livelihood challenges.
· Ghana Irrigation Development Authority should introduce and/or strengthened Water Users Association (WUA) since it will serve as an effective platform for reaching out to small scale irrigation farmers on the schemes in order to serve as a tool for educating smallholder irrigation farmers on siltation prevention and other good agronomic practices on the schemes in the Region.

[bookmark: _Toc118764477][bookmark: _Toc127797636]5.5 Areas for further studies:
· Exploring ground water sources as sustainable means of livelihoods to small holder irrigation farmers in the midst of the threat posed by siltation on small dams in Northern Ghana.
· Alternative livelihoods project to supplement incomes of small holder irrigation farmers in the wake of siltation on small dams in Upper West Region, Ghana.
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Topic
SILTATION AND ITS EFFECTS ON THE LIVELIHOODS OF SMALL HOLDER IRRIGATION FARMERS IN THE UPPER WEST REGION, GHANA.
QUESTIONAIRES FOR RESPONDENTS
Respondents interview Guide
Dam location
1. Name of community……………………………………………………
2. GPS Location of Dam
Longitude…………………………………Latitudes…………………………………

Top of Form
Bio. Information of Respondents Dam site of data collection*
a {  } Siiru Dam   
b {  }Baleofiili dam
c {  } Busa dam
d {  } Singbakpong dam

Q1. Sex of Respondent*
a {  } Male
b {  } Female

Q2. Age of Respondents*


Q3. Educational level of Respondents*

a {  } No formal education
b {  } Primary/Basic education/J.H.S
c {  } Secondary/S.H.S
d {  } Tertiary

Q4. Household size of Respondents*

Q5. Marital status*
a {  } Single
b {  } Married
c {  } Widow/ Widower
d {  } Divorced/Separated

Q6. Major Occupation/Employment*

a {  } Self Employed
b {  } Public Sector Employed
c {  } Private  Sector Employed
d {  } Unemployed

Objective 1. Examine the causes of siltation on small scale irrigation dams in the Region

Q7. Do you have any small-scale irrigation dam in this community?*

a {  } Yes
b {  } No

Q8. Do you have water all year round in the reservoir?*
a {  } Yes
b {  } No


Q9. List activities that are carried out regularly using the reservoir dam water
       …………………………………………………………………………….
       …………………………………………………………………………….
       ……………………………………………………………………………..

Q10. Do you have any knowledge about siltation of the reservoir?*
a {  } Yes
b {  } No

If 'yes', what do you understand by siltation of a dam?
………………………………………………………………………………….
………………………………………………………………………………….
………………………………………………………………………………….

Q11. What is/ are the cause (s) of siltation in your community dam?
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
Q12. What are the natural causes of siltation in the reservoir?*

a {  } Run off
b {  } Wind erosion
c {  } No idea

Q13. In your opinion, do you think natural disasters have negative influence on water availability?
a {  } Yes
b {  } No

If 'yes' List some of these natural factors that you believe have influence on your water  availability.
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………...

Q14. What action do community make towards siltation of the dam?*
a {  } Cropping Upstream
b {  } Livestock Grazing
c {  } Dumping Waste into Water Bodies
d {  } Others

Q15. Which activity in (Q14) above is the most used method to silting of your dam?*
a {  } Cropping Upstream
b {  } Livestock Grazing
c {  } Dumping Waste into Water Bodies
d {  } Others

Q16. Considering the rate of siltation, do you expect your dam still to have this current volume of water in the next 10 years?*

a {  } Yes
b {  } No
c {  } No idea

Q17. List some of these activities that have negative effect on the dam*
………………………………………………………………………….
………………………………………………………………………….
………………………………………………………………………….


Q18. Do you think other non-human activities has negative influence on the water in your dam?*
a {  } Yes
b {  } No
c {  } No idea

Objective 2. Examine the effect of siltation of small scale irrigation dams on the livelihoods of small holder irrigation farmers in the Region

Q20. Do you have access to water from the dam throughout the dry season?*
a {  } Yes
b {  } No
c {  } No idea

Q21. What economic activity do you use the water for?*

a {  } Vegetable production
b {  } Fishing
c {  } Livestock rearing
d {  } Other



Q22. Which of these activities in (21) are you personally involve in at the dam site?*
a {  } Vegetable production
b {  } Fishing
c {  } Livestock rearing
d {  } Other

Q23. What is the effect of limited water from your community dam on your production levels?*

a {  } Reduced production yield
b {  } Increased  production yield
c {  } No idea

Q24. What is/are the cause (s) of the reduction in water volume in the dry season?*

a {  } Over use of water
b {  } Siltation of the dam
c {  } No idea

Q25. With respect to vegetable production, do you think farmers spend more money than necessary because of siltation?*

a {  } Yes
b {  } No
c {  } No idea

Q27. In which way does siltation reduce your income from your production?*

a {  } Excessive labour use
b {  } Cost of fuel to pump water
c {  }  Frequent replacement of water hose
d {  } Other
Q28. Do you consider siltation as a threat to the use of your dam activities such as irrigation farming, fishing, and livestock production in your community?*

a {  } Yes
b {  } No
c {  } No idea

Q29. Does the limited access to water due to silt, affect the values of productivity of your community dam?*
a {  } Yes
b {  } No
c {  } No idea
Q30. How will you describe the trend of the increase or decrease in your productivity?*
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………….

Q31. How will you describe the effect of inadequate water on your productivity at the moment?*
a {  }  Lowest
b {  }  Low
c {  }  High
d {  } Highest

Q32. With respect to irrigated farming, do you think siltation of the reservoir affect production levels of farmers in your community?*
a {  } Yes
b {  } No
c {  } No idea

Q33. What observable features can you associate with this phenomenon?
         ………………………………………………………………………
         ………………………………………………………………………
         ……………………………………………………………………….

Q34. How has your income from the production been affected by the reduction in water level from your dam?*

a {  } Negatively
b {  }Positively 
c {  } No idea

Q35. Do you hope to sustain your current level of production considering the pace of water 
level drops from your dam?*
a {  } Yes
b {  } No
c {  } No idea
Objective 3. Determine the effect of siltation on small holder irrigation production levels in the Region.

Q36. How much income do you make using the dam in your neighbourhood for irrigation farming?*

Q37. What is the plot size of your farm at the dam site?*Measurement in Square Meter Plot Size
Q38. How many in production quantity do you cultivate per your activity in recent times*Measurement scale 'Bag' for crop yield, and vegetable yield

Q39. Have your level of production increase or decrease in recent times?*

a {  }  Decreased
b {  } Increased
c {  }  Same as previous
d {  } No idea

Q40. Do you rely solely on the income from your chosen activity on the dam for the family livelihood?*
a {  } Yes
b {  } No

Q41. Do you spend some extra money in your operations because of siltation?*

a {  } Yes
b {  } No
c {  } No idea
Q42. Does this expenditure generates enough returns/income?*

a {  } Yes
b {  } No
c {  } No idea
Objective 4. Ascertain the mitigation strategies employed by small-holder irrigation farmers in the Region

Q43. Do you have water user association (WUA) at the project site?*
a {  } Yes
b {  } No
c {  } No idea

Q44. Are all the interested stakeholder's part of the WUA?*

a {  } Yes
b {  } No
c {  } No idea


Q45. Has the WUA acknowledged the rapid decrease in your water level as a problem on your community dam?*

a {  } Yes
b {  } No
c {  } No idea

Q46. Is WUA taking steps to curve siltation at the dam site?*

a {  } Yes
b {  } No
c {  } No idea

Q47. What adaptive strategies have your farmers taken to reduce siltation on the reservoir?*
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
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INTERVIEW GUIDE FOR FOCUS GROUP DISCUSSION
1. What do you understand or know about siltation of the reservoir in your community?  
2. What contribution do community members make towards siltation of the dam in your community?
3. In which ways does siltation reduce your income as a result of limited water?
4. What are some of the economic activities that you engage in during the dry season using the dam water in your community?
5. What measures can you put in place as a community to ensure minimal siltation and more water availability for increase production? 
GUIDE FOR KEY INFORMANTINTERVIEW
1. Kindly share with me some of the key stakeholders in the management of dams and or reservoirs in your jurisdiction?
2. What measures is your outfit putting in place to reduce siltation and its effects on the livelihoods of the local people.
3. What recommendation do you suggest can help reduce the rate of siltation on the small scale dams in the Region?
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[bookmark: _Toc127797388]Plate 4.4 Washing of vehicle and dirty clothes into reservoir at Busa and Siiru respectively.
                Source: Field Study (July, 2022)
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[bookmark: _Toc127797389]Plate 4.5, Digging up soil and moulding of bricks within dam catchment
         Source: Field Study (July, 2022)
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[bookmark: _Toc127797390]Plate 4.6, Upstream agricultural practices at Siiru Irrigation Scheme
                                         Source: Field Study (July, 2022)
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[bookmark: _Toc127797391]Plate 4.7, Farmer drawing water from well to irrigate her land/plot at Baleofiili.
                    Source: Field Study (July, 2022)
[image: ]
[bookmark: _Toc127797392]Plate 4.8, Use of pumping machine from dam to irrigate/ land at Busa Irrigation Scheme
   Source: Field Study (July, 2022).
[bookmark: _Toc127797393][image: C:\Users\RASHID\Desktop\THESIS DATA\RASH MPHIL PC\20220122_112232.jpg]Plate 4.9, Watering livestock from Small Scale Dam at Busa Irrigation Site.
 Source: Field Study (July, 2022)
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[bookmark: _Toc127797394]Plate 4.10, Fisherman selling his fish by the dam at Baleofiili Irrigation Dam site.
             Source: Field Study (July, 2022)
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