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Climate change is already impacting the horticulture sector in Kenya. Even though the effects of climate change will be severe, adaptation to climate change still has little priority at the local and county level. This paper discusses the development of the agricultural climate atlas for Kajiado and Kiambu counties in Kenya as a climate information service to support the horticulture sector. This climate service for smallholder farmers aims to bridge the gap between climate research and data provision and the uptake by farmers and farmer organizations on the ground. Rather than developing a generic service for the whole of the country, we followed a local, bottom-up approach. Working at the county level, we tried to capture local needs. The result is a co-created atlas for two counties, for specific crops. The approach can be scaled up to other counties and other crops. We elaborate on our approach, and discuss lessons learned, challenges, and future work opportunities. The development of the climate atlas shows the importance of co-creation and user engagement. In addition, flexibility in the output and process was crucial. The main challenge remains to keep engagement high after completion of the project.
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INTRODUCTION

Climate change presents one of the most significant challenges to Kenya's horticulture sector due to extreme events such as droughts, floods, and temperature increases (Patrick et al., 2020). The effects of climate change are already felt, with weather fluctuations impacting productivity (Omoyo et al., 2015; Chepkoech et al., 2018). Even though the effects of climate change will be severe, adaptation to climate change still has little priority at the local and county level. Integrated Development Plans hardly mention long-term climate change (Vincent et al., 2017; Patrick et al., 2020), and climate-smart technologies are promoted in a general way, but they lack a proper underpinning of what would indeed be “climate smart” at a specific location with its specific projected climate impacts (Matsaba et al., 2020). One important reason for this inaction could be the large gap between technical climate research and the usability for end-users (Findlater et al., 2021), the so-called “valley of death” (Markham, 2002). Even though information and data are available, farmers and extension workers agents are often not well informed about the effects of climate change and how to adapt because the information is not usable and understandable for them (Findlater et al., 2021). Therefore, it is necessary to actively involve and educate farmers and their advisors to reach the “last mile” (Celliers et al., 2021).

Extensive research has been published on the development of climate services that focus on short-term weather or seasonal forecasts in Africa (Tall et al., 2014; Vaughan et al., 2019). Nevertheless, less literature is available on the development of climate services that focus on the long-term effects of climate change. We discuss the development of the agricultural climate atlas (climate-atlas.ke) for Kajiado and Kiambu counties in Kenya as a climate information service to support the horticulture sector, encompassing the production of fresh fruit and vegetables which is an important income generating sector in Kenya (Matui et al., 2016). This climate service for smallholder farmers, those in Kenya having an average landholding of 0.5 ha (Koomen et al., 2018), aims to bridge the gap between technical climate research and the usability by farmers and farmer organizations on the ground (see Matsaba et al., 2020 for a technical description). In this perspective paper, we provide insights on our methodology, lessons learned, challenges, and future work opportunities.



APPROACH

There is no one-size-fits-all when it comes to climate services. For services to be usable and to be used, they need to match the local context, inter alia in terms of planning phase, currently used knowledge, stakeholders, and capacity for using information. User knowledge and needs drive the specification of climate service requirements to enable information uptake and service utilization. However, other factors also steer the development and delivery of services. For instance, constraints emerging from available science, existing tools and available resources must be accounted for to ensure services are usable in practice. Moreover, it is often the case that stakeholders will not have well-defined information requirements and plans for service use at the outset. In a co-creation process the end-users can learn-by-doing and develop requirements in collaboration with service providers and other stakeholders (Lemos et al., 2012). This implies that identification of user needs is not a single activity but requires an iterative process in which demand and supply co-evolve through a learning process (Ziervogel et al., 2021). As such we used a bottom-up approach, which is described in the following sections, to improve the knowledge and skills of local partners and practitioners.


Needs Assessment

Previous work in Africa has also shown that user engagement is crucial to developing a successful climate service (Tall et al., 2014). Therefore, we started the project with an extensive user needs assessment. The purpose of the assessment was to find out if farmers take climate change into account, what climate information is needed by farmers, and the easiest way for them to access this information. During a 3 week field visit in September 2019, 13 smallholder farmers from Kajiado and Kiambu were visited and interviewed to get acquainted with their day-to-day work and vulnerabilities. In addition, interviews with agricultural extension officers and experts from different fields relevant to horticulture were conducted. All interviews were qualitative, with the aim to draft a general insight in the status of climate change adaptation in smallholder horticulture. Interviews during initial farm visits were informal and conversational, focused on their current agricultural practices and their perception of climate change. According to Gall et al. (2003), these interviews build “…entirely on the spontaneous generation of questions in a natural interaction, typically one that occurs as part of ongoing participant observation fieldwork” (p. 293). Later, in-depth interviews were conducted with a selected group of farmers. These interviews were focused on climate change adaptation potential and willingness to adapt. All respondents were asked exactly the same questions, but they were free to provide as much information to those questions as they personally preferred (Gall et al., 2003). Optional follow-up questions were asked if the respondent touched upon relevant issues that needed further explanation. All farmers were selected by the local extension officers. This might have influenced the representation of the farmer community in both counties. However, it was assumed that farmers represent “average” farmers from their county. The farmer interviews, which were recorded, can be found in the Supplementary Material.

Most farmers pointed out a growing water scarcity in critical moments in the season as major environmental struggle. The timing of rains is crucial in rainfed agriculture, but continues to become harder to predict. Besides, the overall amount of rainfall seems to have decreased. Higher temperatures were perceived by more than half of the farmers. Together with decreasing amounts of rainfall and rainfall being increasingly erratic, it has created farmer awareness of the need to adapt to climatological circumstances. Nevertheless, they focus on the coming growing season and not so much on the climate that gradually changes over decades. Most farmers have not consciously adapted to long-term changes in climate. However, some farmers did find ways to deal with current variability. For example, farmers use irrigation to prolong growing seasons. Doing so, they respond to fluctuations in market demand to get higher returns on their products.

Furthermore, results indicated that smallholder farmers are looking for crop-specific and localized information (especially in the county Kiambu, climatic conditions vary greatly over relatively small areas of land). In addition, they stressed the need for seasonal information on the start and end dates of the rainy seasons. However, it became clear that accessing this information is a challenge due to the absence of mobile devices and internet connectivity. Here, we found that the extension workers are the most important climate and weather information providers of smallholder farmers. In contrast to smallholder farmers, extension workers do have access to computers and internet connectivity. As long-term climate information has a steering function toward decision-making, rather than directly influencing decisions as is the case with short-term information (Singh et al., 2018), it would be sufficient if farmers are informed through the extension workers. As a result, the extension worker became an important target audience for the climate atlas.



User Stories

During the needs assessment, we found that it was challenging to define the main target audience. Farmers need to implement actual measures in the field, but they are not focused on changes taking place on a timescale of decades. They are more concerned about the outcome of the current or upcoming season. Extension workers would be able to guide farmers, but we also identified county officials as having an important role here. This is a barrier for effective adaptation: a complicated landscape of interests and responsibilities amongst the involved stakeholders, not fit for addressing a cross-cutting issue such as climate change.

Therefore, we developed a diagram showing the relationship between the involved stakeholders (Figure 1). For each stakeholder, we formulated a user story. User stories are a method, mainly used in agile software development, for representing requirements from users using a simple template such as “As a < Role>, I want < Goal>, so that < benefit>” (Lucassen et al., 2016). The role defines who will directly benefit from the climate services, the goal specifies which features the climate services should exhibit, and the benefit is the value for the user that will be obtained by implementing the user story.
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FIGURE 1. Diagram of the stakeholders and their respective user story. The dashed lines represent feedback loops.




Climate Data Tool

As active collaboration is important for successful co-creation (Vincent et al., 2018), users were involved during the development process where users were challenged to propose new ideas and think “outside-the-box.” The basic climate data tool, the climate atlas, shows the number of days per year above/below a maximum/minimum temperature threshold for future periods (Figure 2). The user can manually insert the desired temperature threshold and the months of interest. Thus, users can examine the risk of temperature increases for specific crops during specific periods. We presented the first version to extension workers after which their feedback was incorporated and multiple new versions were discussed with the users. Earlier, only coarse and generic climate data was available with little information about the effects on horticulture. Including growing seasons and identifying critical parameters with our user group allowed us to make a first step and interpret the data. In order to do so, crop-specific indicators, such as temperature thresholds above which yields drop were used. These thresholds were defined by experts and the user groups. This process ultimately resulted in a climate data tool with bias-corrected ERA5 and CMIP5 temperature data from the Climate Data Store (CDS) of the Copernicus Climate Change Service (C3S) (see Matsaba et al., 2020).


[image: Figure 2]
FIGURE 2. Climate data tool with numbers explaining its function: 1. Select temperature or precipitation, 2. Select the climate variable, 3. Select the crop-specific temperature threshold, 4. Select the future period, 5. Select the growing months of the crop, 6. Clickable maps showing the number of days above the temperature threshold in the growing season, 7. Figure showing the monthly temperature variation of the selected location in the map for different periods.


Additionally, during the user needs assessment, it became apparent that the timing of the onset of the rainy season is crucial for farmers. Therefore, the tool includes projections on the range of the start/end day of the rainy seasons. A key finding was that only looking at an “average year” provides limited information. Information on the variation between years is, therefore, a valuable and unique addition. For example, although the average onset of the long rains might be 15 March at some location, planting crops every year using that date will likely result in poor harvests. It would be better to prepare for different situations in terms of knowledge and skill (e.g., know how to handle a dry or wet year and which crops to plant). This could provide relevant climate information for strategic management of water resources.



Creating Crop-Specific Storylines Using the Tool

During our feedback sessions, we found that real-life examples would help to engage the user with the data. Therefore, based on the expert tool, we constructed two example narratives, or storylines, together with farmers. These storylines serve as an illustration for other users. For these case studies, the relevant agro-climatic indicators for two reference crops, tomato and maize, were extracted from the literature supplemented by information supplied by seed companies. Changes in climatic suitability were studied for Kiambu and Kajiado Counties, and the data was visualized to allow user-friendly exploration of the specific temperature and precipitation indicators. Finally, different adaptation options were provided. In the example storyline of tomato in Kajiado, the shift of growing tomatoes in the cooler months is explored, as maximum temperatures will exceed the harmful threshold on a regular basis during the current growing season. However, water is scarce in the cool season, thus, enhanced water retention would be required for this shift.



Capacity Development

Results have been generated for two specific counties (see www.climate-atlas.ke), and the aim is to expand and scale up the atlas to other counties as well, To increase the outreach and impact of the climate atlas, additional storylines can be developed for additional crops as well as other counties. To create this capacity in Kenya, we organized two capacity building workshops: one for technical staff at JKUAT University and one for the Kenya Meteorological Department (KMD) and local extension workers. The capacity building workshops were aimed at using the climate atlas to create storylines for new crops and for new areas. Staff from the district offices of the Kenya Meteorological Department (KMD) and local extension workers participated in these workshops. The representatives from the local meteorological offices in Kiambu, Kajiado, and Muranga provided feedback on the atlas and discussed which climate- and weather information is already available and how this relates to the climate atlas. The meteorological offices publish numerous reports and forecasts already and ideally these communication channels would be used to issue seasonal forecasts and communicate climate information to the relevant audience as well. The atlas was well-received, in particular the fact that it contains crop specific and regionalized narratives. At the same time, the tool allows users to define specific threshold values for specific periods of the year and for specific climate scenarios. The workshop also concluded that more training and capacity building activities were needed. To meet this demand, an online training module was developed (through the NUFFIC tailor made training program). This tailor-made training provides guidance on how to build and further expand the climate atlas to other crops and regions in Kenya. Participants learned more about the basics of climate change and were guided in the design of their own atlas and crop-specific story lines. They were encouraged to think critically about which information would be relevant in their case.




DISCUSSION

The development of the climate atlas shows the importance of co-creating a service together with the end users. We chose to work bottom-up and tried to capture local characteristics and needs. As a result the atlas is very specific for representative crops in two counties. At the start, a needs assessment has proven crucial to identify the extension workers as our main target user through which we could reach the smallholder farmers. However, they were not our only target group and the roadmap (Figure 1) shows that the climate atlas is not a simple tool that passes ready-made information to the end-users, but rather plays an important role in bringing the issue of climate impacts on horticulture to light in an iterative process. As a result, the atlas contains different information levels: stories to engage policy makers and other non-experts, and a deeper dive with more technical information for experts/practitioners.

Not only was the user involvement at the start important, throughout the process, users remained involved and the outputs were tested and evaluated on their usability. These moments of feedback were extremely valuable as users learned more about climate change and realized they needed other services than initially expected. Even though this meant that work needed to be redone, this process resulted in a climate service that was understandable and relatable to users. Field visits and workshops in real-life enabled us to better understand and to reach out to stakeholders. This was important to understand the local context in which the service would operate. This knowledge helped us to create user stories, which is a novel approach in the development of climate services, and to guide us through the development process. In addition, with the input from many smallholder farmers, we could integrate the climate data into storylines that served as practical examples.

The development of the climate atlas showed that flexibility in the process and outputs is important. Often the concept of climate indicators is new to the users and it is difficult for them to formulate their needs at the start. In this project, at first, the demand seemed to be for maps of temperature and precipitation-related changes on a yearly basis. At second glance, however, it turned out that users had difficulty relating these annual averages to the agricultural practices in their region. For example, if the average temperature is 2°C higher in 2050, is that good or bad, and should agricultural practices be adapted or not? At this point it became clear that, in order to reach the last mile, the indicators should be entirely crop-specific, taking into account the cropping calendar and particular critical thresholds.

The importance of flexibility has been highlighted in previous literature. For example, Vincent et al. (2018) stress that flexibility is required on the part of all institutions and individuals participating in the co-creation process. In our case, we were only able to carry out this co-creation work because our commissioning party was flexible in the outcomes, as often the outcomes are more predefined at the start of a project. Besides flexibility in the process, flexibility in the design of the climate service is important (Swart et al., 2017). The climate service needs to co-evolve with the dynamic development of information supply and demand. Therefore, we designed a climate atlas that is easily expandable when more information becomes available.

The ultimate goal of the project was to transfer the outputs to institutions in Kenya so that they can manage the climate service themselves. Even though we did transfer the content of the service, active management is still limited and it is difficult to assure that the service is still used after the completion of the project. We recognize that causes earlier reported by Venäläinen et al. (2016) also apply here: limitations of resources including funding, capacity, and expertise. As many other issues have a higher prioritization, work on climate change is often neglected. Research in Burkina Faso and Ethiopia also addresses this challenge, even after considerable effort is often made to build community engagement with the services (Harvey et al., 2019). As a result, low- and middle income countries often rely on ongoing international support in order to maintain programmatic interventions. Finding a solution to this challenge is not easy. Vincent et al. (2020) developed a conceptual framework in which they include enabling factors that they found to be crucial for actually achieving practical use in climate-resilient planning in Sub-Saharan Africa. They state that a climate service will not be used unless there are supportive institutions, appropriate policy frameworks, capacity of individuals, and agency to make decisions.

The development of the climate atlas has proven the importance of co-creation and user engagement to develop locally relevant and crop-specific user-defined indicators. Translating these specific indicators in “story lines” supported by maps created a powerful communication platform. The storylines were derived from the perspective of personas, or user stories. This helps to connect to the needs and understanding of the users on the ground. The numerous field trips and workshops showed that farmers need localized and crop-specific information, which resulted in the development of a climate data tool. This tool enables users to work with crop-specific temperature thresholds and growing seasons. Besides the value of co-creation and user engagement, flexibility during the process and output of the commissioning party and service provider was of key importance. The main challenge remains to ensure usage of the climate atlas after the project. Therefore, to increase its impact, we aim to expand the atlas and implement it into educational programs.
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