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ABSTRACT

The present study explores the effects of fluctuating weather on adoption of climate variability adaptation measures. Unpredictable weather as a result of climate change has affected agriculture production in many parts of the world. Sub-Saharan countries have been more affected due to their location and their low adaptive capacity. Bagamoyo district, Tanzania is one of the areas that have witnessed weather variability thereby affecting the livelihood of the small-scale farmers. There is scant information on how irregular weather patterns affect farmer’s decisions on the choice of climate change adaptation measures. This study therefore explored the perception of farmers on fluctuating rainfall patterns and the factors affecting employment of different available adaptation measures. Household, key informant and official interviews were employed to collect data. Multinomial regression logistic models were used to establish relationships among variables. The results showed that small scale farmers are aware of climate change variability and the associated consequences; the mostly employed adaptation measures include cultivation on wetlands, intercropping, adopting high-yield varieties, planting early maturing crops and smalls-cale irrigation. There was no significant relationship between the respondent’s characteristics and the adoption of measures that ensure improved moisture in root zones. Weather unpredictability and inadequate support from the government is a barriers to effective employment of the adaptation measures. It is recommended that weather forecasting be improved and that appropriate policy support including facilitation of crop insurance be put in place.
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1. INTRODUCTION
Whether and how quickly farmers adapt to a changing climate is of paramount importance to understanding the potential impacts of climate change on agriculture. Rising temperatures and changing precipitation patterns condemn millions to hunger across the developing world, casting a gloom over the prospect of poverty alleviation among subsistence farm households (Li, 2023). Anthropogenic activities have caused excessive production of greenhouse gases that have led to global climate change (S. Singh, 2020a). One of the consequences of climate change is an alteration of hydrological regimes, resulting in changes in distribution, pattern and amount of precipitation (Ndlovu et al., 2020). These changes lead to a reduction in soil moisture during crop growth periods thereby affecting agriculture production. The altered soil moisture contents compel farmers to opt for production systems that can attenuate the effects associated with the changes. Some resource-constrained farmers opt for other livelihood activities outside farming and some opt to migrate (Warner and Afifi, 2014) because of the limited resources they have to enable them to cope with shocks associated with crop failures. Limited resources hinder small-scale farmers from employing appropriate adaptation measures in their production systems (Arimi, 2021). 
As a result of their direct dependence on rain-fed agriculture as their main livelihood activity, small scale farmers are the most vulnerable group to vagaries of climate change (Stuch et al., 2020). Research on projections of climate change effects and a plethora of literature suggest that Sub-Saharan Africa will continue to face prolonged and severe droughts leading to even drier conditions (Antwi-Agyei et al., 2015). Future increases in temperature beyond 2°C will have more adverse repercussions compared to historical water scarcity, and high temperatures on agriculture ‑(Koutroulis et al., 2018).  In order to arrest the effects associated with climate change, proper vulnerability analysis ought to be carried out and be integrated into local and national level planning.  
Sub-Saharan Africa is more vulnerable to the vagaries of climate change because of poor infrastructure, inadequate planning and lack of effective policy guidelines. Various studies have shown that in Tanzania, the climate is changing as evidenced by increased incidences of climatic hazards (Lymo, 2013). Fluctuations in the amount of rainfall received in districts like Bagamoyo, Tanzania over the last century have been witnessed.  As rains nowadays have become sporadic, the onset of the rain seasons either delay or sometimes drought is experienced throughout a growing season (Lyimo, 2013). The changes in rainfall patterns have profound effects as it disrupts farming systems, leading to food insecurity and negative effects on the livelihoods of small-scale farmers (Debray et al., 2019).
As a response to climate change, farmers employ climate change adaptation measures that can help to sustain crop production (Ndlovu et al., 2020; Paavola, 2008).  The employment of different adaptation measures means that farmers will change their land utilization types. These responses need efficient weather forecasting systems as they have to be employed during the onset of the planting seasons. Weak early warning systems, ineffective communication of climate information and low understanding of the local context within which adaptations take place (Antwi-Agyei et al., 2015) make farmers to be more vulnerable to the effects of climate change. Furthermore, erratic markets for agricultural produce (Wright et al., 2014) have been identified as barriers to the adoption of climate adaptations. There is a limited scholarly works that explore on how irregular weather patterns affect farmers' decisions on the choice of climate change adaptation measures. The present study explores the effects of fluctuating weather on adoption of climate variability adaptation measures. 

2. MATERIALS AND METHODS
[bookmark: _Toc80264910]
A field survey was conducted in Bagamoyo district, Tanzania. The district is located on the Coast region (Figure 1). A multi-stage sampling technique was used for the sample selection. First, Coast region was purposively selected because of its close proximity to the Indian Ocean and due to the fact that the effects of climate change have been witnessed in the region. Secondly, Bagamoyo district, which is one of the six districts in the Coastal region and Kerege ward which is one of 20 wards in Bagamoyo district were randomly selected. Kiharaka village, was also randomly selected. In total, 40 farm-households from the village were selected for the study. The criteria used for selecting the households were; At least the family should have been involved in farming in the village for at least five years and that the head of the household should at least be 30 years old. Some other information about the village, climate change and crop production were obtained from village secretary, ward secretary and the agricultural extension officer through structured as well as semi-structured questionnaire. Focus group discussions were also held.

A survey schedule was used to record farmers’ perceptions and understanding of spatial and temporal climate change experiences and their perception of fluctuating weather patterns. 
[image: ]Figure 1: Location map showing Bagamoyo and Kiharaka village.

Furthermore, the survey explored the effects of climate change on agriculture production, strategies farmers use to undertake crop production amid climate change and the effects of fluctuating weather patterns on employing the right adaptation measures. The relationship between years of farming or age of respondents with the perception of the respondents on the onset of the fluctuating weather conditions was carried-out using a simple regression analysis. Furthermore, multinomial regression logistic model was used to explore; i. the relationship between respondent’s characteristics (age, sex, education, years of farming, farm sizes, awareness to climate change and its effects) and the adoption of measures that ensure improved moisture in root zones; and the choice of these climate change adaptation measures and characteristics of the respondents.

3. RESULTS AND DISCUSSION
[bookmark: _Toc80264911]
3.1 Perception of Farmers on Fluctuating Weather Patterns

Farmers encounter different social, economic and environmental situations. This makes them have different perceptions on climate change impacts and the choice of adaptation practices to employ (Akhtar et al., 2018). The reported differences are attributed to factors such as knowledge of farming skills, education and gender (Akhtar et al., 2018) and; cultural and religious beliefs (Chisale et al., 2022). Understanding farmer’s perception of climate change can act as a tool to develop a framework for addressing climate change challenges (Akhtar et al., 2018). Respondents in the present study are aware of fluctuating weather patterns with increasing frequency of drought. The weather unpredictability leading to persistent crop failure may discourage farmers from investing in any adaptation measures (Tongruksawattana and Wainaina, 2019) and abandon agriculture altogether and take other options like migration, off-farm activities and reduced herd sizes. In the present study, 22.5% of respondents opted for the three options above (Table 1). 

Table 1: strategies used by farmers as climate 
change adaptation measures
	Type of adaptation measure
	Frequency
	Percentage

	Planting early maturing or 
drought resistant crop
	13
	32.5

	Use of small scale irrigation
	9
	22.5

	Off farm activities
	4
	10

	Farming in wetlands
	4
	10

	Use of improved, high 
yielding varieties
	3
	7.5

	Migration
	3
	7.5

	Reducing herd size
	2
	5

	Reserving food for future use
	2
	5



[bookmark: _Ref116889151]All the respondents (100%) have reported to have experienced negative impacts of unpredictable weather patterns (Table 2). The most felt effect was reduced crop production and food insecurity followed by the decline in income and loss of jobs. Loss in ecological values and disease outbreaks were the least felt effects. They further reported that the most affected sector is agriculture due to its overreliance on rain as a source of water for crop growth. These results show that small-scale farmers in Kiharaka village are highly vulnerability to the effects of climate change and variability. This vulnerability is further exacerbated by the fact that the farmers possess small farm sizes which lack irrigation infrastructure and also 55% of the respondents have primary level education and below. Adoption of adaptation measures needs technical knowledge of which at least secondary or college level education is a pre-requisite.  











Table 2: Effects of climate change encountered
by the farmers
	Climate change effects
	Number of respondents
	Percentage

	Reduced production and food insecurity
	14
	25

	Decline in income and job loss
	13
	17.5

	Loss of farms
	7
	17.5

	Water shortage
	3
	7.5

	Loss in ecological values
	2
	5

	Diseases outbreak
	2
	5

	Total
	40
	100



3.2 Weather Fluctuations

Information provided by the Bagamoyo Weather Station revealed that in the past, the village had a seasonal average temperature ranging between 130 C and 300 C. Rainfall amount ranged between 800 and 1200 mm per annum. It was further revealed that the area was experiencing three rain seasons, namely short rains which always started from October to December while the long rain season started from March to May. However, the total annual rainfall has been fluctuating. In some years, the area receives below average rainfall amounts while in some years the area receives above average rainfall amounts.  It was further revealed that the onset dates as well as dates of termination of rainfall varies significantly and therefore the rainfall seasons are no longer predictable. This change in rainfall pattern also causes the rainfall seasons to either last shorter or longer than expected, but in most cases, the seasons last shorter with high rainfall intensities. This change in rainfall amount and distribution adds a layer of complication to the adoption of adaptation measures by small scale farmers (Tongruksawattana and Wainaina, 2019). This obstacle can be overcome through the development of a locally adapted climate adaptation tool that will help farmers, extension officers and climatologists/meteorologists to forecast extreme weather events. Advancements in the provision of weather and climate information provide opportunity to improve the use of weather information in decision-making. Therefore policy makers can use the information to make decisions that can contribute towards enhancing climate change adaptation measures. Scientists therefore can produce information that is fit for purpose and produced in formats that can be integrated in decision-making processes (C. Singh et al., 2017). However, lack of reliable historical observations that can be used to understand the current climate and to evaluate climate models limits the adoption of the use of weather forecasts in Africa (Overpeck et al., 2011). Models such as General Circulation Models (GCMs), which is less computationally expensive, can be used. The Intergovernmental Authority on Development Climate Prediction and Applications Climate and Development Centre (ICPAC) is developing sector-specific tools for supporting the use of weather and climate information in agriculture and in other sectors (C. Singh et al., 2017). These initiatives coupled with accumulated experiences by farmers over generations, including indications of future drought or good rainfall season or past behavior of different seasons can help to improve seasonal forecast of weather. Their experiences can be integrated in scientific weather forecasts to help farmers to plan for the type of adaptation strategy to employ in that particular season. There is also a need to integrate weather information in local decision-making at all levels. The way it is now, weather information is given in isolation of other factors such as agronomic, economic and social factors (C. Singh et al., 2017).  The tool will help farmers to plan for the right land utilization type that matches the projected weather extreme.  Chiputwa et al. (2022) reported that farmers who are accessible and utilise weather forecast information in Zambia were able to successfully apply the right climate adaptation measures thereby increasing their crop yields.

3.3 Farmers Perceptions on the Onset of the Rainfall Fluctuations Versus Rainfall Data

Farmer’s decision on the type of crops and the adaptation strategies to employ is very much dependent on farmer’s perception on the rainfall pattern (Singh, 2020). This means that if a farmer has perceived that rainfall is declining he/she is likely to adopt measures that will ensure sustained productivity. A rainfall trend in Bagamoyo shows that there is no overall general trend of annual rainfall (Figure 2). 
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Figure 2: Rainfall distribution between year 2000 and 2020

For a period between 2000 and 2020, maximum rainfall for Bagamoyo appeared to repeat after 11 years; thus, in 2006 the rainfall amount received was 1400 mm and during 2017 the amount was 1100 mm. The minimum amount of rainfall repeated after 12 years which is 2003 (400 mm) and 2015 (450 mm). It is noted that, as from 2000 to 2020 there has been a general decrease in rainfall amount.
Bagamoyo rainfall data for 2000 to 2020 (Figure 2) reveals that the changes in the rainfall patterns persisted since 2000 and probably even before. The maximum reported amount of rainfall was slightly higher than 1400 and the lowest was 400 mm. No consecutive years that received the rainfall amounts that are close to the preceding/ following year. This shows that the adaptation measures employed in a particular year/season may not work in the following year/ season.  This phenomenon confuses farmers and makes it difficult to employ the same adaptation measures for more than one growing season/year.  
Comparing the rainfall data and the farmer’s perception on when the changes on the rainfall pattern started, it is clear that most farmers felt the changes in rainfall pattern when it already occurred long time ago. Only a few (5%), especially those aged between 55 and 66 had observed rainfall fluctuations for 16 years or longer (Table 3). 

[bookmark: _GoBack]Table 3: Years farmers started observing changes in rainfall patterns against age groups

	Time changes in 
rainfall
pattern observed
 (years ago)
	Age group (years)
	Total

	
	34-44
	45-55
	56-66
	67-77
	

	  6-10
  11-15
  16+
	
	3
	6
	13
	5
	27

	
	
	0
	1
	4
	6
	11

	
	
	0
	0
	2
	0
	2

	  Total
	3
	7
	19
	11
	40



The rainfall pattern (Figure 2) reveals that between 2008 and 2015, the area received less than 700 mm of rainfall and around 2017, the rainfall amount spiked and it fell again to below 600 mm. Probably the prolonged low rainfall amounts between 2008 and 2015 is the one that rose the awareness of the farmers on the fluctuations in the rainfall pattern. There are other factors that could have contributed to the delayed awareness of the farmers and it is therefore imperative to carry-out further studies to explore why the overwhelming majority of the farmers could not detect the onset of changes in rainfall pattern. 

3.4 Human-environment Relationship in Agriculture

In order to manage effects of climate change, understanding livelihood vulnerability, resilience, and climate adaptation (indigenous and planned) are important. With increased years of farming,  one goes through different seasons and it is easy to recognize changes in weather patterns. In the present study, farmers were involved in farming had a significant positive relationship with the time farmers started observing changes in weather pattern (p=0.002; R2=0.2). This finding reveals that the longer the farmer has been involved in farming, the more they encounter different phases of weather patterns. This shows that farmers keep memory of weather events that seriously affect their production systems. The low coefficient of determination (20%) shows that there are other factors that govern perception of farmers on climate change.
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3.5 Climate change adaptation strategies

Small scale farmers in the study area employ different measures to arrest effects emanating from climate change especially those related to crops cultivation and soil moisture management as detailed under section below:
As a result of unpredictable weather, farmers have adopted different farming systems that enable them to continue to produce crops amid the vagaries of weather fluctuations. They practice intercropping, where maize and pumpkin; cassava and banana are cropped on the same piece of land as a way of avoiding climate risks. If the rains are enough in that particular season, reasonable production of crops like maize is realized. If the rains are below average, the production of drought tolerance crops like cassava and potatoes are realized. A combination of several crops at the same time on the same fields by using a mix of cultivars or intercropping is a common adaptation measure (Debray et al., 2019). However, such practices need knowledge about new crops, which the majority of small-scale farmers do not have. Furthermore, small-scale farmers utilize low land zones (river valley) for the production of vegetables (okra, amaranthus, spinach, eggplant, tomatoes, and pumpkins) as a climate change adaptation strategy when other areas have soil moisture deficit. The combination of measures was developed as a result of the integration of cultural methods, training from extension workers on modern farming technologies and experiences gained from one season to another. Diversification is a very important tool of minimizing the climate shocks related risks, which enhances the resilience of farmers. However, diversification can lead to decreased productivity because farmers will have low motivation to invest in yield-enhancing endeavors like fertilizer application or the use of improved seeds (Ochieng et al., 2016). 
It was further observed that 10% of the respondents cultivate on wetlands and 9% opt for irrigation as one of the climate change adaptation measures (Table 1). Therefore, in total 19% of the respondents use adaptation measures that enhance the availability of moisture in root zones. Multinomial regression logistic analysis did not show a significant relationship between respondent’s characteristics and the adoption of measures that ensure improved moisture in root zones. Availability of irrigation facilities is one of the factors that influence adaptation strategy. Under favorable irrigation conditions, farmers are likely to remain in agriculture, although they may be compelled to change cropping patterns and the type of crops they grow as witnessed in the present study. 

[bookmark: _Toc80264920]3.6 Strategies Used to Cope with  Weather Fluctuation

One of the factors that determine application of climate change adaptation measures by farmers is the capacity of the farmers to forecast weather condition (Neset et al., 2016). For example, they may start immediately improving irrigation or conserve water. There is a 3.4 times higher probability of improving irrigation infrastructure if farmers have information on seasonal climate variability (S. Singh, 2020a). Successful application of adaptation measures can be viewed as a way of keeping farmers in crop production activities because when a farmer encounters crop failure more than once, his financial capacity is highly eroded and he may abandon farming all together because he may not be willing to continue with unforeseen spending of household savings on replanting to make up for the lost crops (Theodory, 2021).  
Farmers diversify their farming systems to adapt to temporal weather fluctuations (Debray et al., 2019). A major strategy is to diversify farming systems, whereas the farmer’s adaptation at scale involves adjustment decisions usually taken in short time and are mostly based on onset of seasonal climate. This offers greater resilience to climate variability compared to sole crop planting. In the present study, the most adopted climate change adaptation measure was planting early matured crops followed by small scale irrigation, together accounting for up to 50% of the respondents. Multinomial regression analysis carried-out did not show any significant relationship (p=0.05) between the choice of these climate change adaptation measures and characteristics of the respondents. Other measures adopted included carrying off farm activities, farming in wetlands, adopting high yield varieties, migration, reducing herd size and reserving food for the future. These practices, implemented in isolation or in combination thereof, can, to a great extent minimize damage resulting from vagaries of climate change (Valley et al., 2013). Taking into consideration the economic, social and environmental conditions of the farmers in the study area, there is no one adaptation measure that can be successfully used to arrest effects of weather fluctuation. A variety of adaptation measures that are practiced in the area can be combined and form a synergy. Integration of traditional measures, agro-ecology –based management practices (Eshetu et al., 2021) and modern farming techniques can be viewed as a plausible approach to arrest effects of climate change.

3.7 Traditional and Modern Weather Forecast for Enhanced Uptake of Adaptation Measures

Historically, farmers used a variety of traditional indicators in making farm level decisions regarding farming systems such as crops choice and planting time in a particular season. They used their indigenous knowledge to perceive the changing behavior of climate and make changes in their farming practices (S. Singh, 2020b). In the past, farmers in Kiharaka village used indicators based on culture and traditional beliefs to predict the future weather. These included some insects or plants such as baobab and mango trees. Shedding of leaves and later production of flowers by these species before their normal period indicated drought. Occurrence of ants and termites were indications of good amount of rain for planting crops. These traditional methods of weather forecast can be blended with scientific forecast weather information to enhance the accuracy of forecast and help farmers adapt the right climate change adaptation measures. For example involvement of farmers who provided local weather forecast indigenous information such as behaviour of trees, animals and wind patterns  enhanced weather forecast in Ghana, Kenya and Niger (C. Singh et al., 2017).  However, nowadays due to climate change and environmental degradation, most of the natural prediction factors such as forest and biodiversity which were abundant in the past are no longer available. This is a very big setback against capacity of farmers to predict the weather in the coming seasons as a tool to plan for the appropriate adaptation measures. This is because the knowledge was useful in predicting disasters caused by climate variability and hence devise a coping strategy (Mapfumo et al., 2016). Seasonal climate forecast is a major tool for adaptation to climate variation (Nidumolu et al., 2020) because it guides farmers in deciding on the type of crops to grow, the type of farming system to employ and deciding on the planting dates or even halting agriculture production for that particular season if forecasts show that the weather will be harsh. 

3.8 Effect of Weather Fluctuations in Employing the Right Adaptation Measures

Access of timely information had positive effect on adoption of climate change adaptation (Arimi, 2021). Although smallholder farmers employ adaptation measures that are within their reach, the fluctuating weather poses uncertainty in selecting the optimal adaptation strategy to employ. Under fluctuating weather conditions, farmers ought to act immediately to avoid losses while the window for a farmer to make decision under such circumstances is very narrow as the time lag between information gathering, processing and arriving at rational decision to adopt is quite small (S. Singh, 2020b). 
It was revealed that limited information on the onset and distribution of the rains during the farming season was a serious challenge to adaptation strategies, including changing the timing of planting.  It was observed that about 86% of the respondents have felt the effects of the weather fluctuation. Due to climate change, farmers have adopted more adaptation measures such as small scale irrigation and expand cultivation to low land valley (wet) areas. Therefore farmers could adapt well to the vagaries of climate change if areas under irrigation could be expanded. This measure involves heavy investment and therefore smallholder farmers have limited resources to employ these adaptation measures and therefore government intervention is imperative. The capacity of farmers in the study area to invest in climate change adaptation measures is further being complicated by the fact that all farmers were using their personal capital to finance their farming operations and that they were not accessible to financial institutions that can offer loans. Inadequate capital is one of the constraints to the access of necessary climate change adaptation technology (Arimi, 2021).
It was noted that farmers in the study area encountered heavy losses when they employed an adaptation measure that did not match with the weather situation that would prevail throughout the growing season. One of the respondents reported that, “it was December and characterized with long dry spell. I decided to employ irrigation in vegetables cultivation. I borrowed some money to drill wells in order to facilitate irrigation. Suddenly the rain with high intensity fell unexpectedly and destroyed my farm and I lost everything and  at the same time I was supposed to pay back the money I borrowed.” This situation has long-term impact to a farmer because the farmer has a double shock. The first shock is the crop loss and the second one is a debt that he had to service while he lost everything, including farm infrastructure. This is referred as the “double exposure” where farmers experience both the impacts of climate change and economic consequences simultaneously (Walsh-dilley, 2020). This phenomenon profoundly affect future adaptive capacity and resilience of farmers. Adaptive capacity to climate change is governed by the factors such as assets, affordability of different technologies and income (Sewando et al., 2016). Taking into consideration that all these determinants of adaptive capacity have been compromised, the adaptive capacity of the farmer has been highly compromised.  Therefore, the forecast should be as accurate as possible because it has a direct impact on farm production and famers’ income (Nidumolu et al., 2020). Due to low predictability, the uptake of weather forecast information is very low in Africa (C. Singh et al., 2017). Furthermore, farmers are faced with  intra-seasonal climate risks such as unequal distribution of rainfall in the season, extended dry spell after sowing, excess rainfall in peak flowering or harvesting season, untimely rains and inadequate amount of rainfall during the season. However, forecast information (timing and accuracy) currently is inadequate to deal with these risks (Nidumolu et al., 2020). Development of a locally adapted climate adaptation tool as discussed in earlier can be one of the promising solutions to arrest effects of weather fluctuations. Once the forecast is inaccurate, farmers may get confused in subsequent seasons not knowing what to do. Inaccurate forecast has negative consequences on crop yield. For example (Kuswanto et al., 2019) reported that farmers who used weather forecast information encountered higher crop loss than farmers who did not use weather forecast information and they attributed the phenomenon with the inaccuracy of the weather forecast information received by the farmers. The situation is further complicated because the smallholder farmers seldom insure their operations. Weather based micro insurance has a potential of acting as an alternative solution to crop loss/farm damage due to unpredictable weather related risks as it insures against incidences of adverse weather events that can destroy crops. In the present study, no small scale farmer mentioned crop insurance as one of the adaptation measures employed. However, the insurance market development in Africa faces a number of barriers including; lack of risk information about current and future conditions. The farmers encounter a number of barriers in accessing crops insurance including lack of appetite of financial institutions to provide insurance to farmers. Apart from the lack of appetite by the insurers, farmers are reluctant to insure against weather shocks because they underestimate the true drought probability and that they need to learn more. First, about the climate change and secondly, the magnitude of risks associated with climate change (Dougherty et al., 2020). Despite these shortfalls, however, international community and insurers in Tanzania have shown interest in crop and livestock insurance products (Surminski et al., 2022). International funds like the Green Climate Fund responsible for enhancing the resilience of farmers through the adoption of adaptation of climate change can help to enhance the appetite of the financial institutions to insure farming activities. UNDP has a target to increase national coverage of the hydrometeorological network from 50% to 75% aimed at strengthening the capacity for evidence-based decision-making in insurance (Surminski et al., 2022).
Therefore, it is advised to develop and use a climate model that will integrate a few locally available adaptation technologies and knowledge in weather forecast. This can be achieved with the help of experts and extension officers so as to make sure small-scale farmers are provided with the reliable information that will help them to take action on the variety of measures to be used in crop cultivation. It is therefore important to enhance the capacities of the responsible institutions involved in weather forecast to enable small geographic regions to accurately and warranting predict weather (S. Singh, 2020b). Access to timely information has a positive impact on climate change adaptation (Arimi, 2021). 
The preceding discussion reveals that the enhancement of the capacity of farmers to adapt to climate change needs a holistic approach. In future, climate change may lead to a number of adverse effects probably exceeding the frontiers of the current levels of tolerance by farmers (Muller and Shackleton, 2014) and therefore farmers and policy makers will be required to implement more innovative and resilient measures in order to lessen their vulnerability. Development of the measures calls for better understanding of farmer’s responses. These responses forms a very important inputs to policy formulations targeting climate change adaptation resources allocation by the government culminating into enabling environment supportive to the vulnerable farmers (Eshetu et al., 2021).




Conclusion 

Farmers in Kiharaka village are aware of the effects of climate change and the need to employ adaptation strategies to arrest the effects thereof. The farmers employ a number of climate change adaptation measures to ensure production. However, they lack technological and policy supporting infrastructures to enable them to adopt successful adaptation measures. Furthermore, fluctuating weather patterns encountered from one season to another add another barrier for the adoption of adaptation strategies by small-scale farmers. 

Recommendation

It is recommended that a tool that can be used in weather forecasts be locally developed to help farmers to make informed decisions. Furthermore, international funding agents may help insurance companies to enhance the appetite of financial institutions to insure farming activities. It is further recommended that governments should develop of policies that address holistically challenges facing farmers in adoption of the adaptation measures.
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