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The provision of weather and climate information (WCI) can help the most at-risk communities cope and adapt to the impacts of extreme events. While significant progress has been made in ensuring improved availability of WCI, there remain obstacles that hinder the accessibility and use of this information for adaptation planning. Attention has now focused on the “usability gap” to ensure useful and usable WCI informs practise. Less attention has however been directed on barriers to the active production and use of WCI. In this study, we combine two frameworks through a bottom-up approach to present a more coordinated institutional response that would be required to ensure a better flow of information from information providers to users at community level and vice versa. The bottom-up approach was designed in form of Farmers Agri-Met Village Advisory Clinics (FAMVACs) and Listening Groups (LG) and was initiated by Uganda Meteorological Authority (UNMA) as a way of ensuring connections between the information providers, the disseminators, and the communities to specifically give voice to the communities to provide feedback on the use of WCI in coping with flood risks. This approach is used to identify the barriers and opportunities in the production/provision and use of WCI for flood risk preparedness for a case study in Eastern Uganda. First, a use-case is developed for Katakwi District where smallholder farming communities have recorded their coping practises and barriers to the use of WCI in practise. Second, online interviews with practitioners from disaster management institutions are used to identify barriers to the production and provision of WCI to local farming communities. Findings show that for providers, barriers such as accessibility and completeness of data hinder the production of useful WCI. In situations where useful information is available, technical language used in the format and timeliness in dissemination hinder usability by local farmers. Useful and usable WCI may not be acted on in practise due to factors such as costs or market availability e.g., lack of access to improved seeds. Further, the study highlights possible solutions to bridge the identified gaps and they include capacity building, fostering data collaborations across sectors, data translation to simple advisories, among others. The study also presents the FAMVACs approach which shows the importance of a more coordinated response with a shift of focus from the users of information only, to a more inclusive understanding of the data and information gaps across the wider provider-user landscapes. We argue that this would contribute to more effective disaster management at both the national and local levels.

Keywords: community information needs, weather and climate information, smallholder farmers, information providers, flood risk management


INTRODUCTION

Weather-driven shocks such as floods are becoming more extreme and frequent in many regions across the world (IPCC, 2012). Rural at-risk communities suffer the worst impacts from these extreme events because of their dependence on natural-based livelihoods (Pricope et al., 2013). Provision of Weather and Climate Information (WCI) can help these communities cope and adapt to the impacts of these extreme events (Roudier et al., 2016; Amegnaglo et al., 2017; Hansen et al., 2019). This is because WCI can inform appropriate actions to improve preparedness and reduce impacts (Jones et al., 2015). For example, scholarly literature notes that farmers who have access to timely WCI can plan their livelihoods activities for example when and what to plant, and appropriate farm management activities that may result in reduced impacts (Coulibaly et al., 2015; Naab et al., 2019).

Significant efforts and advancements in technology have resulted in increased availability of WCI (Dinku et al., 2014; Hewitt et al., 2020). However, this has not translated to improved accessibility, especially across user groups (practitioners and communities) in Africa where varied access to WCI is noted (Dinku, 2019; Vaughan et al., 2019). In addition, even if WCI is available and accessible, this does not necessarily mean the information is used to inform local decisions as it may not address the information needs of specific users (Vaughan and Dessai, 2014; Naab et al., 2019). These obstacles, commonly termed as information “usability gap” (Lemos et al., 2012) have been identified as major impediments to the use of WCI to inform climate-related decisions at all levels (Flagg and Kirchhoff, 2018; Ouedraogo et al., 2018).

In their study, Vincent et al. (2020) developed a framework that highlights three components that would enable closing the information usability gap and promote the use of WCI for climate risk management. These components have been broadly categorised as “useful” information which requires an understanding of the specific users' needs and their decision-making contexts to guide in identifying what information is useful (Carr et al., 2019), “usable” information if it's understandable by the intended user and is disseminated on time (Tembo-Nhlema et al., 2021) using appropriate communication channels (Barihaihi and Mwanzia, 2017) and an “enabling environment” such as supportive institutions (Vaughan et al., 2017) to ensure that useful and usable information gets used in practise.

The Vincent et al. (2020) framework builds on the climate services literature including Lemos et al. (2012) framework on bridging the information usability gap. In addition, it builds on the understanding that climate information use broadly links the user and the producers by knowledge sharing and collaborations through avenues such as co-production (Vincent et al., 2021). The three components, therefore, reflect both the supply and demand side of climate services towards ensuring more informed use of WCI for adaptation planning (Jones et al., 2015).

We however note that to ensure more coordinated institutional responses (such as that which would be required pre- and post-disaster) (UN, 2015) and a better flow of information (i.e., from practitioner to community and vice versa), additional components are required. First, further, to having an enabling environment, additional support based on other underlying socio-economic factors that influence how these communities cope may be required to ensure that the at-risk communities (“users” henceforth) actively use the information provided. For example, in a rural smallholder setting, having access to usable information may not necessarily translate to use in practise due to other individual or household social-economic factors such as income, education and age (Mittal and Hariharan, 2018; Shah et al., 2018, 2020; Petty et al., 2022). Similarly, a bottom-up approach that links the information providers, the disseminators and the communities would be required to ensure that the communities have a voice to interact and provide feedback on weather information use and their coping practises.

Second, the production of useful information goes beyond data availability (Goddard, 2016) and there remain other obstacles that could hinder the potential to produce and provide useful WCI, especially in the least developed countries. Essentially, decision-makers and information producers/providers (“providers” henceforth) require access to quality and credible “scientific” data and information to be able to fulfil the information needs of the users and manage the potential risks (Hewitt et al., 2020). But the required data and information is often limited (Van Den Homberg et al., 2017) or inaccessible (Susha et al., 2017; Dinku, 2019). In their framework, Van Den Homberg et al. (2017) notes that being data-prepared can help reduce the impacts associated with extreme events if high-quality data that meets the information needs of the providers are accessible before the disaster hits. The Van Den Homberg et al. (2017) framework focuses on five main components which include; “datasets” regarding data availability and accessibility, “data services” regarding services offered and software/hardware required, “data literacy” concerning the capability to transform the data to required information, “governance” looking at legal and regulatory rules on data sharing and “networking” which involves having long-term data collaborations. These components collectively would ensure that the lead institution for example, in disaster management has all the required data and information beforehand to guide disaster-related decisions.

In this study, we combine the two frameworks (Van Den Homberg et al., 2017; Vincent et al., 2020) through a bottom-up approach to present a more coordinated institutional response and flow of information. The bottom-up approach was designed in form of Farmers Agri-Met Village Advisory Clinics (FAMVACS) and Listening Groups (LG) and was initiated by UNMA as a way of ensuring connections between the information providers, and the communities to specifically give voice to the communities in contrast to the top-down approach (see Ciampi et al., 2019). This would allow better characterisation of the barriers that hinder effective provision and use of WCI across the provider-user landscapes as well as opportunities for improving the WCI use and uptake. In the context of this paper, we use WCI to refer to all information that would be required to prepare and respond to flood risks (and they include but are not limited to information on flood impacts, flood risks, hydrometeorology, socioeconomic, etc.). We have structured the study around three questions:

1) What barriers hinder the production/provision of useful WCI in the context of the providers? How can we improve provision?

2) What opportunities/barriers support/hinder the move from useful to usable information in the context of smallholder farmers?

3) What barriers deter useful and usable information from being used in practise by smallholder farmers? What can be done to improve uptake?

The study uses a bottom-up approach. Here, the bottom-up approach allows communities to be involved from the beginning in all activities that support improved preparedness. In contrast to the traditional top-down approach in disaster management, this study allowed the flood affected communities to record their own accounts of how floods have affected them and their coping practises. Further, disaster management practitioners were also given an opportunity to provide information on how they help the at-risk communities prepare for disasters. At the local level, a case study in Katakwi district, Uganda in the context of flood risks to livelihoods is used to give voice to the smallholder farming communities to record their coping practises, information needs, and the factors that hinder them from using the WCI to inform these coping practises. At the national level, online interviews with practitioners at disaster management agencies are used to understand how these agencies respond to the information needs of the users and barriers to effective provision of the required WCI.



MATERIALS AND METHODS

In this paper, we combine the two frameworks (Van Den Homberg et al., 2017; Vincent et al., 2020) (Figure 1) and use them to identify the barriers and opportunities in the production/provision and use of WCI through a case study in Uganda. Two use-cases (more detailed below) are developed to help answer the research questions. We recognize that one of the barriers to the use of WCI as noted in literature is a lack of an enabling environment (Vaughan et al., 2017). However, a detailed investigation of the institutional structures and disaster/climate policies that governs how disaster management activities are undertaken in Uganda was out of scope in this paper. This section provides an overview of the study area, the use-cases, and data analysis methods.


[image: Figure 1]
FIGURE 1. Conceptual framework used to identify the barriers and opportunities in the production/provision and use of WCI across the provider-user landscapes. Source: adapted from Vincent et al. (2020) and Van Den Homberg et al. (2017) and modified by authors.



Study Sites

Katakwi District, the focus of this study, is in the Eastern region of Uganda and lies between longitudes 33°48′E−34°18′E and latitudes 1°38′N−2°20′N. Katakwi borders Napak District in the north, Nakapiripirit in the east, Amuria in the west and northwest, Soroti in the southwest, and Kumi and Ngora in the south (Figure 2). The landscape is a plateau with undulating slopes in specific areas and lies approximately between 1,036 and 1,127 m above sea level (KDLG, 2014). The district is characterised by two livelihood zones, i.e., crop-livestock and fishing-livestock zones. Agriculture is predominantly rain-fed with two distinct rainfall seasons from March to May and September to November. The district experiences frequent heavy rains leading to flooding, which affects crop yields (KDLG, 2014). Common crops grown in Katakwi include sweet potatoes, cassava, maize, peas, rice, groundnuts, and a variety of local vegetables.


[image: Figure 2]
FIGURE 2. Location of the study sites in Katakwi District, Uganda.


The district was selected in discussion with NIMFRU (National scale Impact-based forecasting of Flood Risks in Uganda). NIMFRU is a project in Uganda to improve flood resilience through comprehensive flood impact assessments. The project is funded under Science for Humanitarian Emergencies and Resilience (SHEAR, 2018) program and it complements the previous SHEAR project (Forecast for Anticipatory Humanitarian Action-FATHUM) by providing a new approach that incorporates various types of information required to effectively deal with flooding. The project aim is to strengthen the capacity in interpreting and using weather and climate information, livelihood and socio-economic information among others to inform flood preparedness at all levels which would ensure improved resilience to floods (https://walker.ac.uk/research/projects/nimfru-national-scale-impact-based-forecasting-of-flood-risk-in-uganda/).

The district suffers severe impacts from floods every rainy season. The vast majority (81%) of the population in the district earn their livelihoods through subsistence farming (KDLG, 2014). Poverty levels are high with 88% of the population living below the poverty line (Kagugube et al., 2017). Project stakeholders include the Red Cross Climate Centre (RCCC), National Emergency Coordination and Operation Centre (NECOC), members of Parliament, local academic institutions, and civil organisations.



Developing the Use-Cases

This study was undertaken as part of the community preparedness to flood risks initiative within the NIMFRU project (NIMFRU, 2018). As part of the Science for Humanitarian Emergencies and Resilience (SHEAR, 2018) program, the NIMFRU project set out to improve the targeting and communication of flood warnings and response to communities in the Katakwi District. To do this, the first use case targeting the flood-affected communities in three villages (Anyangabella, Agule, and Kaikamosing) in Katakwi district (Figure 2) was developed by the project team and used to conduct field research to gain a deeper understanding of the livelihoods, coping capacities, and practises of groups within the study communities, barriers to coping as well as their responses to flood hazards. A combination of quantitative and qualitative methodologies was used to inform this work, including quantitative livelihoods assessments, using the Household Economy Approach (HEA) (Seaman et al., 2014).

Fieldwork was carried out during the period February 2019 to February 2020. Initial work (data collected from February 2019 to August 2019) informed the creation and the representation of two interrelated communication platforms: The Farmer Voice Radio (FVR) Listening Groups, and the Farmer Agri-Met Village Advisory Clinics (FAMVACs) (Ciampi et al., 2019). The well-established FVR approach complemented the new Uganda National Meteorological Authority (UNMA) led FAMVAC initiatives, and a novel methodology was designed to ensure that both communication platforms provided a space for information needs and priorities to be identified locally. The platforms also facilitated open dialogues between community members and relevant district officials providing a “vertical” channel through which communities were able to feed their concerns and priorities directly into the Ugandan disaster response system. The methodology carefully ensured that there was relevant representation from both district and national authorities and that these initiatives were approved by NECOC and led by UNMA and the local non-governmental Organisation (NGO) Eco-Trust, to establish contextual validity, national ownership, and future sustainability. By the end of the fieldwork (February 2020), a total of 18 FAMVACs had taken place (six in each target community) with an average participation of 200 local community members, and 20 individual episodes of the FVR programme were aired reaching an estimated 67,000 people across rural Katakwi. Qualitative Field data collected from September 2019 to February 2020 using the developed FAMVACs methodology have been used in this paper and are explained further in the next subsection.

The second use case involved the disaster management (DM) agencies at the national level. The focus was to understand how these agencies respond to the information needs of the users, as well as to identify any gaps that hinder the effective production and provision of useful WCI. The sampling of the respondents was done through Purposive sampling techniques (Mohsin, 2016) which allowed us to choose the respondents based on predefined criteria and intended purpose. For this case, we considered national institutions and NGOs that take part in preparedness and response to natural disasters in Uganda1. A stakeholder mapping exercise allowed us to understand organisational roles and mandates before selecting them for interview. This exercise showed that more than 25 organisations (Supplementary Table 1) are involved in disaster management in Uganda. Due to Covid 19 restrictions and response responsibilities, only 14 of these organisations were available to take part in the interviews.



Data Collection

Data collection was undertaken separately for the affected communities and the DM agencies. At the community level, fieldwork, led by Eco-trust Uganda using the FAMVAC toolkit, took place over 6 months between September 2019 and February 2020 to gather information from the flood-affected communities through farmer's discussions and semi-structured interviews (see Supplementary Table 2 for sample interview questions). The data collection exercise took place in three villages which had been identified during the initial NIFMRU project fieldwork. We conducted 26 oral 1-on-1 semi-structured interviews with farmers in the three villages. Additionally, we held 18 farmers' discussions (six from each village) involving a large group of farmers (each farmers' group discussion consisted of ≈70 farmers). The interviews and discussions were done during the main rainy season. All interviews and discussions were carried out in the local language “Ateso” with an interpreter and were subsequently transcribed.

At the DM level, data collection took place from October 2020 to December 2020 through online semi-structured interviews. A staged process was used where first stakeholders mapping exercise was conducted based on the predefined criteria (see Section Developing the Use-cases). The second step involved sorting and identifying how many informants would be required from these institutions based on the number of departments and their roles. For example, an institution like Uganda National Meteorological Authority has both a forecasting and data centre hence more than one informant would be ideal. The third step involved contacting the institutions to provide the key informants to take part in the interviews. In total 14 institutions (see Table 1) took part in the interviews. Interview questions were framed around key themes such as their disaster management activities, information required, and the barriers to fulfilling the information needs of users (see Supplementary Table 3 for sample interview questions). For anonymity, the direct quotes from disaster management practitioners have been denoted with the pseudonym Disaster Respondent (DR).


Table 1. Institutions that took part in the online semi-structured interviews.
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Data Analysis

The software package Nvivo 12 for MS Windows (QSRInternational, 2018) was used for the analysis of the data from the local communities and the disaster management practitioners. The Nvivo programme, unlike manual methods of qualitative data analysis, offers the user an intricate, methodical, and iterative data interrogation process (Jackson and Bazeley, 2019). Data analysis in Nvivo is done through a content analysis approach where the mode of analysis can be either inductive or deductive (Elo and Kyngäs, 2008; Mayring, 2014). The inductive approach is used when the researcher has limited or no theory on the research outcome (Mayring, 2014) and entails letting the themes emerge from the raw data, while directed by existing components of the study (Harding, 2018). The deductive approach is based on a predetermined structure guided by previous findings, literature review, or an existing conceptual framework (Hsieh and Shannon, 2005; Mayring, 2014). In this study, we base our analysis on a combination of existing literature and frameworks on climate services and data preparedness (Van Den Homberg et al., 2017; Vincent et al., 2020) (see Figure 1) in a case study context hence the deductive content analysis approach is used to analyse our research data.

Deductively, the following steps were followed. First, the categorisation matrix based on themes from the framework presented in Figure 1 was developed. For this case, an unconstrained matrix was used to allow any other emerging concepts to be captured (Elo and Kyngäs, 2008). Table 2 shows the themes used in the categorisation matrix based on our research aim. Second the familiarisation phase was conducted. This involved reading through the transcripts to become aware of the ideas and words used by the respondents before coding. We then reviewed all the transcripts and coded them into the corresponding themes while also allowing the inclusion of any other emerging categories (Elo and Kyngäs, 2008). For information that did not fall into any of the existing themes, coding was done using words and phrases that the respondents used in their transcripts which ensured minimal misinterpretation. Coding was done separately for the community interviews and the disaster management interviews. However, the same themes were used.


Table 2. Categorisation matrix showing the themes used in the coding of data in Nvivo.

[image: Table 2]

To ensure trustworthiness, the analysis process has been explicitly explained and the themes used are supported by existing literature. The data has also been explicitly linked to the results from the analysis. In addition, to ensure validity of the coding process, two approaches have been used; visual representation (Siccama and Penna, 2008) and data scoping (Richards, 2004). For the visual representation, visual captures of the coding process have been done to authenticate the various steps used in coding (Supplementary Figures S1, S4). Scoping approaches using text query and matrix coding tools in Nvivo have been used to check the validity of coding (Richards, 2004). These tools allow identification of the commonly used words in specific themes and that were relevant in coding. For example, through matrix coding, the word “accessibility” was mentioned in nine out of 14 respondents (Supplementary Figure S2), with the majority coming from government and NGOs (Supplementary Figure S3). In addition, direct phrases/words from the respondents (such as “improved seeds, early harvesting”) were used as code sub-categories which reduces misinterpretation (Richards, 2014). Using the text query tool in Nvivo, we also verified if the phrase “improved seeds” used as a sub-category was relevant for coding. Results show that the same phrase was mentioned in eight out of nine transcripts from farmers' interviews (Supplementary Figure 5). The Phrase was mentioned more than once in five of the nine transcripts. This shows that it is relevant to use the same phrase in coding to ensure validity.




RESULTS

In this section, we present the outputs from the analysis of the research data based on broad themes identified during the coding and the research questions.


What are the Barriers to Producing Useful WCI?

The DM practitioners expressed that most of the data that would be required to prepare for a disaster are available. These datasets include weather and climate data (rainfall, temperature, and river flow) and risk data (vulnerability, exposure, and hazard). The weather data is provided by UNMA, while disaster risk data comes from various institutions with the main ones being NECOC and the Uganda Bureau of Statistics (UBOS). These data support the main activities carried out during preparedness and response to flood risk. The main disaster preparedness activities are the dissemination of weather and climate information and the identification of flood risk areas.

Although “scientific” data is available, transforming these data into necessary and useful information is often hindered by various factors, as reported by the DM practitioners. First, these data are not easily accessible since they are held by individual institutions that have a mandate in data collection and production. A memorandum of understanding is often required between these institutions to facilitate data sharing. Due to institutional rules and regulations, the process of data sharing can however take longer than expected which affects the preparedness and response activities.

“Data from most of the institutions is not readily accessible due to institutional rules and guidelines on data sharing. The institution often demands a memorandum of understanding between the 2 institutions before sharing which can delay the process by up to 2 months. [DR01, DR04]”

Second, the data available lack the level of detail that would be required for comprehensive risk assessment at the local level (most data do not cover the village level). For example, most of the risk indicators such as those that would be required to understand the vulnerability of the communities to disasters vary in spatial coverage where some go up to sub-county while others up to county level, with none covering the village level. Weather data also does not give a full representation of the situation due to limited and scattered weather stations.

“There are gaps in the data available for example, the risk atlas covers up to district level and doesn't cover parishes and villages” [DR03].

“Weather Information is generalised to a very big area, but the farmers need localised information.” [DR014].

Third, not all the available data, especially the data on hazards and vulnerability are complete. In addition, some of the risk indicators such as the data on poverty levels, population density, and literacy levels are not up to date especially if they depend on national census data. This affects the development of up-to-date risk layers. The lack of a national flood forecasting system also affects the quality of information that is produced for flood risk management. If global flood forecast information is to be used to inform preparedness, it should be verified2 first for reliability. Although the development of the community Risk Assessment (CRA) framework is underway with support from the 510 group of the Netherlands Red Cross (NLRC) (NLRC, 2022), it is still hampered by the limited data available. The DM practitioners reported that this is based on secondary data and does not include any data collected from the grassroots level.

“Verified flood information is required to inform disaster management. Many global sources are available, but they need to be verified by the Ministry of Water and Environment before use” [DR02].

“Flood forecasting capacity is low in the country. They forecast rain and not floods” [DR012].

Last of all, institutions that have a role to transform data into the required information noted that they do have the required skills to do that. Frequent capacity building to keep up with evolving technology in climate science such as skills in forecasting and forecast evaluation is however required. Figure 3 shows the most common barriers to developing useful WCI.
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FIGURE 3. Barriers that hinder production of useful WCI.




What are the Opportunities and Barriers to Ensuring Useful Information is Usable?

Understanding the information needs of the users presents an opportunity to develop usable information. From our study, various information needs for the smallholder farmers have been identified based on the coping practises that the farmers undertake during flood preparedness. These information needs have been grouped into three themes: weather and climate, agricultural practises, and physical access to safe locations (Table 3). The information needs have also been grouped according to when it would be required. For example, the dynamic category includes information that would require an update every season. The second category captures situations where the dynamism of information would depend on the season. For instance, the location of safe areas may change depending on the magnitude of flooding experienced. What to plant and when to harvest will also depend on the rainfall factors such as duration, onset, etc.


Table 3. Categorisation of farmers' information needs based on when they are required.

[image: Table 3]

Useful information such as weather information is available and accessible to local farmers. However, the information does not meet farmers' needs due to various factors. First, the weather information is packaged in a technical format and disseminated in English which makes it hard for farmers to understand and use. For example, though the weather bulletins produced by UNMA are available through the district office, farmers are not able to utilise them especially if they do not have any advisories or if they are not interpreted in their local language.

Second, the timing of information dissemination is often unfavourable to local farmers. For example, both the farmers and DM practitioners reported that information should reach the farmers 1–2 months before the start of the season to help them prepare. In addition, since the information is issued quarterly, with frequent updates, sometimes the local farmers do not receive these updates to help them keep up to date with the changes in the weather patterns.

Third, the DM practitioners working at the local level reported that communication and dissemination of WCI is often exclusively top-down. Communities are therefore not able to share any feedback with the producers and the decision-makers. Table 4 lists these challenges together with quotes from both farmers and DM practitioners.


Table 4. Barriers that hinder useful information becoming usable in the context of smallholder farmers.

[image: Table 4]



What are the Barriers to the Use of WCI to Inform Coping Practises?

Smallholder farmers are aware of the recommended coping practises to be undertaken in preparedness for floods. The most common are on how to protect their crops before flooding, which includes early harvesting, post-harvest handling, and planting improved seeds. This is followed by ensuring their safety through activities such as clearing bushes and draining water from their compound. To protect livestock before floods, activities include vaccination, improving animal shelters, and buying improved breeds. Farmers in the study villages did not engage in many activities to enhance financial security, such as belonging to saving societies. Figure 4 highlights all the coping practises that were identified by farmers in Katakwi while Table 5 shows the most common coping practises based on the frequency.


[image: Figure 4]
FIGURE 4. Coping practises used by flood-affected communities in the three villages (Anyangabella, Kaikamosing, and Agule) in Katakwi District, Uganda.



Table 5. Common coping practises undertaken by the farmers and their meaning.

[image: Table 5]

Although the farmers were aware of the recommended coping practises, the actual implementation of these practises was hindered by various factors. These include agricultural-related challenges such as lack of improved seeds and other farm inputs. In addition, farmers in Katakwi do not have access to proper post-harvest handling kits to store their crops. Most of these challenges are associated with the social-economic capabilities of these communities, which we were not able to analyse further within the scope of this study.

Second, environmental factors such as invasion of desert locusts and the presence of strong winds were identified as challenges to implementing coping practises. Third, farmers noted that age and outbreaks of disease also derail the necessary coping practises. Figure 5 shows the common challenges that affect the actual implementation of the coping practises.


[image: Figure 5]
FIGURE 5. Barriers to implementing coping practises across the three villages (Anyangabella, Kaikamosing, and Agule) in Katakwi District, Uganda.





DISCUSSION

While the role of WCI in smallholder farmers' decision-making is now common knowledge (Roudier et al., 2014; Coulibaly et al., 2015), the understanding and use of WCI by farmers has not been very effective, especially where it does not meet their specific information needs (Carr et al., 2019). In addition, developing useful information is not only contingent on the availability of data (Goddard, 2016) but can also be hindered by various factors from the providers' side. The development of useful and usable WCI, therefore, requires a more coordinated flow of information from the providers to the users and vice versa to understand the barriers that hinder the provision and use of WCI. In this research, we have combined two frameworks through a bottom-up approach (FAMVACs method) to identify the barriers and opportunities across the provider-user landscapes on the production and use of WCI for a case study in Uganda. The approach used in this study to identify the barriers has a wider applicability across most natural disasters where a more coordinated response and flow of information would be required to understand the gaps in the provision and use of WCI for disaster management. Here, we first discuss the common barriers that hinder the production/provision and use of useful and usable WCI at the local level and the potential ways to address these barriers. We then highlight any future work that would be required to improve the use of WCI at the rural level. Figure 6 shows the various components for a coordinated institutional response and flow of information towards ensuring; (1) useful information is produced, (2) useful becomes usable, and (3) usable is used in practise based on the findings from Uganda.


[image: Figure 6]
FIGURE 6. Components that would be required to achieve a more coordinated institutional responses and flow of information to ensure useful and usable information is produced/provided and used in practise: the component headings have been adopted from Vincent et al. (2020) and Van Den Homberg et al. (2017) while their contents are based on findings from Uganda.



Ensuring the Production/Provision of Useful WCI

Developing useful information spans beyond the available data to include other factors. Our findings show that barriers such as accessibility, completeness, and granularity of the data may hinder the development of useful information from the providers' side (see Figure 3). These dimensions are commonly used to check the quality of the available data and have been used to develop the data preparedness index (Van Den Homberg et al., 2017) as well as by other international organisations in data quality assessments to understand how prepared a country or an institution is in undertaking disaster management activities (WorldBank, 2012). These factors will however vary according to the context. For example, a study by Dinku (2019) found that the availability and completeness of climate data vary across Africa due to the scarcity of weather stations. In addition, the limited accessibility of available data has been attributed to the legal regulations that govern how institutions share data as well as the high costs levied to access the data.

In developing useful information, there is, therefore, a need to understand the data gaps that exist and how they can be addressed. The data quality dimensions noted above including others such as recency and reliability can be used to assess these gaps (Van Den Homberg et al., 2017). In Uganda, most of the required data to inform disaster preparedness is available. The accessibility of these data is however hindered by a lack of coordination between the various institutions involved in disaster management which means data is developed and managed by individual institutions (Atyang, 2014; Lumbroso, 2018). Having access to the data that meets the required quality dimensions can help bridge the providers' information gap (van den Homberg et al., 2018) and ensure that useful information is developed and made available for timely disaster preparedness and response. One way to ease data accessibility would be through embracing technology in data sharing for example through the use of multi-sector platforms such as the one developed by Cornforth et al. (2018). Fostering data collaborations across sectors can also help ensure that the required data is easily accessible (Susha et al., 2017).



Ensuring Useful WCI is Usable

Useful WCI becomes usable if it meets the information needs of the users. User needs are context-specific and evolving and will vary depending on livelihood type (Carr and Owusu-Daaku, 2016), geographical location, and gender among others (Barihaihi and Mwanzia, 2017; Carr and Onzere, 2018). This means that although useful climate information is becoming increasingly available (Hewitt et al., 2020), its usability will require a constant context-specific understanding of the climate information needs of the users to ensure that the information is tailored to their needs. In Katakwi district, farmers require information on weather and climate and appropriate agricultural practises (see Table 3) to inform their coping practises. This is also consistent with findings across Sub-Saharan Africa on the use of WCI to inform agricultural practises (Amegnaglo et al., 2017; Nyadzi et al., 2019). Farmers who have access to WCI which has been tailored to their needs can therefore benefit from undertaking the required coping and adaptation strategies (Singh et al., 2018; Vaughan et al., 2019).

The WCI available and accessible by farmers in Katakwi district are not timely (Tembo-Nhlema et al., 2021), and are too technical for them to understand and use (Barihaihi and Mwanzia, 2017; Nkiaka et al., 2019). For example, farmers would require weather information with a lead time of 1–2 months before the onset of the season to inform practises such as the acquisition of the required seed variety (Amegnaglo et al., 2017). In addition, the weather bulletins issued by UNMA come in English and the farmers would require translation to make them usable. Efforts to help translate the weather information are already seen under the collaboration between UNMA and local NGOs which can have a positive impact (Ouedraogo et al., 2018). Fostering communication between the users and providers can therefore help understand the WCI needs of the users as well as barriers that make useful information unusable. Ways to make the information usable including capacity building (Conway et al., 2017), interpretation of the information into simple advisories (Harvey et al., 2019), and co-production (Vincent et al., 2021) can then be explored based on the target user. Overall, engaging the users from the start in the production of WCI can help ensure the information is usable as well and trusted which then boosts uptake (Nkiaka et al., 2019). The extent up to which these solutions can be implemented will however depend on other factors. Scholarly studies have shown that limited financial and human resources can limit the level of preparedness among the local institutions (Shah et al., 2019). These factors should therefore be taken into consideration on top of the data preparedness factors to ensure that useful information is translated into usable information.



Ensuring Usable WCI is Used in Practise

Availability and accessibility of useful and usable WCI by the target user does not necessarily translate to the actual use to inform coping practises. Although smallholder farmers may be aware of the coping practises to undertake (Berman et al., 2015; Shah et al., 2017; Wichern et al., 2017), studies have shown that one of the barriers to the use of WCI in practise is the lack of an enabling environment such as supportive institutions (Vaughan et al., 2017) to support adaptation planning. Other barriers such as the social-economic capabilities (age, income, health, etc.) of the users can also hinder use (Mittal and Hariharan, 2018; Shah et al., 2020). This means that even though useful and usable information that meets the needs of users is provided, the actual uptake of this information to inform coping practises will be context specific. For example, in this study, farmers in Katakwi district cannot afford the agricultural farm inputs required such as improved seeds (Fisher et al., 2015) to enable them to undertake the recommended coping practises. Other factors noted include limited land and inadequate farm tools (Tall et al., 2014). These factors have also been linked to financial resources to enable the farmers undertake these coping activities (Shah et al., 2017).

The benefits that farmers can derive from making use of WCI are many (Tarchiani et al., 2017; McKune et al., 2018; Ouedraogo et al., 2018). Hence, the barriers related to the socio-economic capabilities of the users and how they affect coping and adaptation should be identified so that the required support is provided (Petty et al., 2022). This could be done through existing institutions where interventions such as the provision of cash or subsidised farm inputs can be introduced (Assan et al., 2018). In addition, encouraging farmers to be part of farm-based organisations can help boost the uptake and use of WCI where these facilitate access to the required capital to support coping practises (Amegnaglo et al., 2017; Tarchiani et al., 2017).



Improving the Uptake of WCI Among Local Farmers

Overall, the disconnect between the users and providers of WCI can result in ineffective use of WCI to inform local level decision-making (Lemos et al., 2012; Singh et al., 2016). A first step towards ensuring effective use would therefore be to identify barriers that hinder effective production/provision and use of WCI across the provider-user landscapes. By combining two frameworks (Van Den Homberg et al., 2017; Vincent et al., 2020), through a bottom-up FAMVAC approach, this study provides a more coordinated institutional response that would ensure a shift of focus from only the users to a more inclusive approach where even the data and information needs of the providers are identified. This would make it easy to characterize the gaps from both levels in a more dynamic way and ensure that the required support is provided. For example, findings from practitioners in Uganda indicate that the skills to work on “scientific” data are available, but as technology in the production of WCI changes, continuously building the technical capacity of these institutions will be important (Dinku, 2019; Mataya et al., 2020) to ensure that they can keep up with the demand for useful WCI.

The field of disaster risk management is shifting towards impact-based forecasting and forecast-based actions (Coughlan De Perez et al., 2016; WMO, 2021). Interventions that target the at-risk communities, should therefore consider their information needs, coping practises, and social-economic capabilities to ensure the design of more tailored interventions. In addition, understanding the capabilities of the information providers and the gaps that may hinder effectiveness in producing the required useful information will be important to ensure a more coordinated response to the user needs. As the impacts of weather-driven shocks on rural smallholder communities increase, these communities will continue to demand relevant and timely information to support their coping practises (Hansen et al., 2019). The providers will also need to be supported to meet these information needs. The potential benefits of WCI can therefore be realised through understanding the barriers to production and use of WCI at different levels and promoting required interventions to improve disaster preparedness and response activities. For example, through promoting coordination and collaborations among multiple providers to ease data accessibility (Susha et al., 2017) as well as ensuring that the needs of the users and barriers that affect effective utilisation of WCI are understood and streamlined into the disaster management plans to support community preparedness (Nurye, 2016).



Future Work

Identifying barriers that hinder effective provision and use of WCI can inform the design of the required interventions. For example, a barrier such as data granularity (lack of data at the local level) can trigger support for frequent data collection at the local household level. Methods that are applicable based on context can then be assessed using criteria such as the one developed by Alkire and Samman (2014). Calculating the data preparedness index (Van Den Homberg et al., 2017) based on the quantifiable data quality dimensions can also help shed light on the improvement required to ensure that a country is prepared to undertake timely preparedness and response activities.

Barriers because of the social-economic capability of the users would also call for more in-depth methods to quantify the capability of these communities to undertake the coping practises and understand the type of support that would be required. Further research could look at an in-depth quantitative analysis of the household social-economic characteristics (sources of income, expenditures, health, age, etc.) such as that provided by HEA assessments (Seaman et al., 2014; Petty et al., 2022) and individual household surveys (Shah et al., 2020). Such an analysis can shed light not only on the household's capacity to undertake the various coping practises but also on the level up to which these households may require external support and the type of support required. Categorisation of the various coping practises stratified by wealth groups would also be essential to safeguard poor households against high-cost practises which may compromise their ability to cope in the future (Heltberg et al., 2009; Gautam and Andersen, 2016).

We did not get a chance to look at the disaster management structures and policies that govern how disaster-related activities are undertaken in Uganda. A thorough desktop study would therefore form part of future work to understand Uganda's plans for disaster risk reduction (DRR) including how various institutions coordinate to ensure emerging issues on disaster management are streamlined into the development process. Uganda has a DRR policy that was approved in the year 2011 (OPM, 2011) which stipulates the roles of various local and national institutions in addressing disasters. A study by Ampaire et al. (2017) however notes that the district and local level actors are often not included in the implementation of various policies. With climate variability expected to result in more extreme events, ensuring that the existing policies can still inform the required interventions is important. In addition, as we shift towards more locally targeted interventions, coordination between local and national institutions would be required to ensure that the needs of the most at-risk communities are centre in the design and implementation of the DRR policies.




CONCLUSION

The study findings have shown that the provision of useful and usable WCI spans beyond understanding the needs of the users—for this case the farmers—to include the data and information needs of the providers, and the capabilities of the users to use the information to inform practise. Ensuring that useful information is available, usable and is used in practise by the intended users is, therefore, an integral part of an effective disaster management plan. The barriers and opportunities to achieve positive impacts in the use of WCI should therefore be continuously assessed to ensure that developed WCI meets the needs of the potential users.

This study has provided a more coordinated institutional response approach that integrates two frameworks (Van Den Homberg et al., 2017; Vincent et al., 2020) and applies a bottom-up approach through the FAMVACs method to help identify the barriers and opportunities in the provision and use of WCI across user/user groups. Such an approach would ensure these barriers are identified across the user-provider landscape and solutions to bridge the specific gaps provided. Our findings on the barriers to provision and use of WCI are consistent with other scholarly findings in literature and are evidence of the various gaps that broadly affect the provision of climate services. However, specific solutions would be required depending on the context (user, location, etc.). For example, the lead time at which WCI should be provided to the local farmer will depend on the seasonal timing which varies across locations. In addition, designing solutions to improve data preparedness will require specific information on the gaps in the various data dimensions (access, availability, granularity, recency, etc.) which might also vary across contexts. The combined frameworks can therefore provide a coordinated way of ensuring that prior information required to inform development of specific solutions towards improving the provision of climate services are identified across the users and providers. This will also ensure that co-production takes centre stage in the design and dissemination of WCI.

Increased availability of weather and climate data and information provides an opportunity to improve climate adaptation planning. However, actionable programmes are needed to ensure that this information is translated and disseminated appropriately according to the information needs of the users. Weather information plays a fundamental role in informing the coping and adaptation among, for example, farming communities. There is therefore an urgent need to invest in strengthening the production, dissemination, and uptake of weather information for effective disaster management. This can be achieved by understanding the specific information gaps at the national and local levels which would also ensure that an improved dialogue is fostered between disaster management institutions and the at-risk communities for resilience building. Such information can then be used to improve disaster management plans and activities which would then ensure timely preparedness to floods.
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FOOTNOTES

1Here, we refer to all national-level institutions who fall into any or all of these recognized stakeholders' categories (data collectors, data analysers, intermediaries, decision-makers) and are responsible one way or another in collection, analysis and production of disaster information.

2Verification here means that the flood forecasts information from global sources should be compared with ground-based river gauge observations or historical flood timelines to ensure that they capture the flood situation of the location.
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