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Abstract

:

Early warning systems (EWSs) have been developed to trigger timely action to disasters, yet persistent humanitarian crises resulting from hazards such as drought indicate that these systems need improvements. We focus our research on the county of Turkana in Kenya, where drought repeatedly results in humanitarian crises, especially with regard to food insecurity. Focusing on the key elements of the Kenyan EWS, we ask two questions: firstly, what indicators, especially meteorological drought indicators, are used in the national biannual assessments conducted by the Kenyan National Drought Management Authority and monthly drought bulletins for Turkana? Secondly, are there differences in the methodology used for analysis of meteorological indicators in the different documents? Firstly, by utilizing a food systems framework, we conduct qualitative content analysis of the use of indicators in the documents; secondly, we analyze rainfall data and its use. The EWS relies primarily on food availability indicators, with less focus for food access and utilization. The biannual assessments and the country bulletins use different sets of rainfall data and different methodologies for establishing the climate normal, leading to discrepancies in the output of the EWS. We recommend further steps to be taken towards standardization of methodologies and cooperation between various institutions to ensure streamlining of approaches.
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1. Introduction


Since the famines of Biafra and Ethiopia in the 1980s, the international community has taken steps to develop early warning systems (EWSs) to trigger timely action to prevent natural disasters. The humanitarian community persistently equates drought with food insecurity [1]. As a result, the EWSs that have been developed by the humanitarian community are focused on identifying triggers for drought-related food insecurity. At the country level in Sub-Saharan Africa, several well-established drought EWSs exist, for instance, in Kenya, Tanzania, and Ethiopia [2,3,4,5,6]. None of these countries has to date established a food EWS that would be separate and additional to the drought EWS [7]. The past decades have seen significant advancement in the development of drought EWSs, including through developing the indicators used [8].



Drought-related food insecurity is persistent in Kenya [9]. Humanitarian interventions have had little positive impact and, in some cases, even a negative impact [10,11]. The total number and proportion of people requiring food aid have remained consistently high [10]; for example, in September 2020, the Famine EWS Network (FEWSNET) predicted that up to 10 million people in the country will need food aid in the next six months [12]. The Kenyan drought management system consists of national policies setting the regulatory framework, a drought EWS with a set of predetermined warning stages, county-level drought contingency plans, and drought contingency funds, as well as coordination structures at the county and national level. In addition, a range of programs are being implemented to increase resilience and reduce drought risk [13]. Drought management is also increasingly integrated into the wider national disaster management framework [4,5]. Drought management is led and coordinated by the National Drought Management Agency (NDMA), established under the Ministry of Devolution and Planning in 2011 [6]. The mandate of the NDMA includes coordination of structures for drought management, operation of the drought EWS, support for drought-related policy formation, and coordination of disaster risk reduction activities [6,14].



Although recent years have seen a strengthening of the institutional framework for drought management in Kenya, the existence of the NDMA means that drought issues are handled separately from general agricultural policies and programs, which are managed by the Ministry of Agriculture, Livestock and Fisheries. This distinction between emergencies and long-term development provides major challenges to coordination of drought management and food security initiatives [15].



For coordination of food security responses, the Kenya Food Security Meeting (KFSM) (now the Kenya Food Security Forum, KFSF) was established in 1998 to bring together various non-governmental organizations (NGOs), government agencies, donors, and UN agencies that are working on food security in Kenya. The KFSF has a subsidiary body called the Kenya Food Security Steering Group (KFSSG), which consists of representatives from Government of Kenya (GoK) departments, UN agencies, NGOs, and donors [15]. The NDMA, together with the KFSSG, carries out NDMA/KFSSG biannual assessment focusing on the performance of the March to May rainy season (long rains) and the October to November rainy season (short rains).



Since 2006, these assessments have applied the Integrated Food Security and Humanitarian Phase Classification system (IPC) as the analytical framework, which uses a set of indicators with existing thresholds, bringing rigor to the analytical process and allowing for comparison within and between countries [16]. The fact that these assessments are conducted jointly by government, civil society, and UN agencies should ensure that all stakeholders trust the information generated by the assessments, which is a prerequisite for action [17]. The assessments are the documents that drive the process of planning humanitarian interventions, including identifying the need for food assistance, and raise funding for them [16].



Over the years, attempts have been made to improve the accuracy of the biannual assessments by making technical improvements to the measurement of climatic and environmental variables. Recent improvements include more sophisticated use of NDVI [3], using NDVI together with rainfall and crop yield data to develop a drought risk index for food crop yield. The Kenyan EWS has also been supported by technical advances at the regional and global level, such as the development by FEWSNET of a seasonal agricultural drought forecasting system for East Africa by simulating soil moisture scenarios using a hydrological model [7]. However, studies have found low levels of use of the climate information included in the EWS by decision makers. A workshop organized by the Kenyan and Ethiopian meteorological agencies in 2017 found that of the participants, 29 out of 46 (63%) indicated lack of skill for processing and/or incorporating the information at a local scale as a reason for not using the climate information [7].



Overall, several researchers have raised the question whether the current drought EWS in Kenya adequately responds to the highlighted problems of vulnerability to food shortage and famine in drought-exposed areas [15,16,18]. There is also existing research on the gaps and challenges of the EWS (see, for instance, [2,6]). However, a detailed analysis of what type of information and indicators are used in the EWS that inform resource allocation and action has not been conducted. Therefore, we review the climate-related indicators in the context of other indicators, with a specific focus on the use of rainfall data in the drought EWS in Kenya using the arid county of Turkana as a particular case study. In our research we use the term “indicator” in a broad manner to refer to the variables used in the EWS. These variables range from simple standalone indicators, measuring a single variable, to wider indices which are composite products [19].



This research is important due to the increase in emphasis on forecast-based financing products in the humanitarian community, where the idea is that climate and weather forecasts trigger actions as agreed in the EWS and response plans [9]. The underlying assumption behind this type of intervention model is that the meteorological indicators in the EWS are solid enough to be relied upon to trigger responses and that there is a direct link between drought and food insecurity.



We focus on two research questions:




	
What indicators, especially meteorological drought indicators, are used in the national biannual assessments conducted by the National Drought Management Authority (NDMA) and monthly drought bulletins for Turkana?



	
Are there differences in the methodology used for analysis of meteorological indicators in the different products generated by the EWS system in Kenya?









2. Materials and Methods


2.1. Introduction of Case Study


A case study approach is appropriate for our research as it allows us to focus on the rainfall data for one county in depth, rather than taking a wider approach, which might lead to the local variations being obscured. The selection of the county as a unit of research is also in line with the Kenya Ending Drought Emergencies Medium Term Plan from 2017, which established county-level early warning hubs and county drought contingency funds [16,20].



Turkana is located in northwestern Kenya bordering Uganda, South Sudan, and Ethiopia. The county has an arid to semi-arid climate, with average daytime temperatures from 24 °C to 38 °C and average annual rainfall fluctuating within the range of a minimum of 120 mm to a maximum of 500 mm. The rainfall is largely distributed in the March to May long rain season and the October to November short rain season [20]. Approximately 94.3% of the nearly one million population of the district live in extreme poverty and malnutrition is the most prevalent condition [16].



The first record of relief assistance in Turkana dates back to 1934, when the colonial administration distributed cereals [21]. Large-scale distribution of food aid by the government and humanitarian organizations began in response to the drought of 1960–1961 [21]. With the severe famines of the early 1980s (1979–1980 and 1984–1985), relief assistance was scaled up under the coordination of the Turkana Rehabilitation Project to reach around 85,000 people or about half the population of Turkana District at that time [22]. Since then, food aid has been provided annually in the county as outlined in Figure 1 [21].




2.2. Methods


Our methodological approach consists of two steps: (a) document analysis, (b) analysis of the use of the rainfall data. By combining both methods to analyze existing data, we show how drought and food security are assessed in our case study.



2.2.1. Document Analysis


Our document analysis of the NDMA/KFSSG biannual assessment covered a five-year period of 2013–2017. The documents used for this research were the section “Short and Long Rains Assessments for Turkana county”, published in August and February each year based on the outcomes of the short rains (October, November, December) and long rains (March, April, and May). A total of 10 reports were used for the analysis [23]. For some years, a county-level short and/or long rains assessment report was also available, and this was added to our research material. In addition, we reviewed the county drought bulletins available for the period [24]. These reports were not consistently available, and we did not find information on why the reports were not available for all years.



Once identified, the indicators used in the Long and Short Rains Assessments were categorized using the food systems categories of food availability, access, and utilization, a framework presented in previous literature [25]. We used thematic coding and content analysis [26] to analyze the indicators. Both thematic coding and content analysis allow a researcher to organize and structure qualitative data for further analysis. First, we organized the indicators according to the three main sections of the assessment reports: factors affecting food security, shocks and hazards, and impacts on food security. We then listed the indicators used in each of the three sections and then classified these in the food systems categories to provide an overall view of the extent to which the indicators measured variables related to each of the categories. Finally, we analyzed the monthly county drought bulletins [24], with a view of mapping the extent to which the same indicators included in the biannual assessments also appeared in the county bulletins.




2.2.2. Analysis of Use of Rainfall Data


We examined the rainfall data analysis for the county drought bulletins over a five-year period 2013–2017 [24]. The county-level drought early warning bulletins contain two sets of rainfall data: observational data from the Lodwar meteorological station, which include the total amount of rainfall as a percentage of normal, and information on temporal distribution (number of rainy days).



The Kenya Meteorological Department has one observational station in Turkana, in Lodwar. The station collects daily observations of rainfall. We obtained rainfall data from the station from the Kenya Meteorological Department between 1980 and 2017. We calculated 5- and 30-year moving average of annual rainfall and rainfall during October–December (OND) and March–May (MAM). Analysis of climate data has established that during these two seasons, most precipitation occurs in Kenya [24]. As we did not obtain data for 2006, we calculated 30-year averages from 31-year periods so that 2006 was skipped.



We also reviewed what rainfall information is used by the long and short rains assessment [23] and found that these do not use the observation data from the Lodwar station, but instead rely on the satellite-based rainfall products of FEWSNET.



Our research does not aim to conduct a forecast verification, an assessment on the accuracy of the rainfall predictions included in the EWS products. This verification is a meteorological exercise conducted on a seasonal basis by relevant climate centers. Instead, the focus of this analysis is on the use of that data when it comes to humanitarian relief efforts and to what extent the information used accurately portrays the situation on the ground, which is why we use two methods here: document and rainfall analysis.






3. Results


A total of 50 indicators were used in the biannual assessment process, divided into segments that describe factors that drive the food security situation and indicators of the impact on food security (Table 1). The vast majority of these indicators, 30 in total, were found to be related to the first element of the food system (availability). Of the indicators assessed, 17 were related to food access and only 7 were related to food utilization (Table 1). The county drought bulletins include far less indicators, with only 14 indicators in total, grouped in four categories: biophysical, production, access, and utilization.



In the national-level biannual NDMA/KFSSG assessment reports, the indicators included in the “impacts” section of the assessment reports relate to crop and livestock production, water, performance of markets, nutrition and health, and coping strategies. None of the assessment reports include indicators related to the social value and social acceptability of food, food utilization (i.e., there was no analysis of poor dietary diversification and overreliance on carbohydrates), or food safety. The access- and affordability-related indicators do not consider wider market-related factors. The assessments do not assess the food security situation of households in different categories. Such an attempt would, for instance, be to create separate categories of food aid beneficiaries. However, the only categorization of the population used in the reports was geographic locations. Neither the NDMA/KFSSG biannual assessment nor the monthly drought bulletins include information that would allow for an analysis of the significance placed on meteorological indicators in comparison to the other drought and socioeconomic indicators, or how important these categories are considered to be in relation to the other categories. As seen above, the county drought bulletins include relatively limited information on food distribution and availability, including information on market prices of the staple food items.



In addition to meteorological drought indicators, the county drought bulletins include water-related data such as on the state of water sources and household access to water. The only information on the state of water sources contained in the county bulletins is the percentage of population using each type of water source compared to the average. No information is included on the level of the water source. Household access to water is measured in distance in kilometers to the nearest water source and does not as such capture the quantity of water available for households. The bulletins do not contain any data related to temperature, and neither do they contain any information on land use change and the possible impact that can have on rainfall. The county bulletins also include the vegetation cover index (VCI) data.



3.1. Type of Rainfall Data Used in the NDMA/KFSSG Biannual Assessments for Turkana County


Overall, in Turkana, it simply rains very little. Several years receive less than 100 mm in total annual rainfall. The average annual rainfall for Turkana for the period 1987–2017 was 208.0 mm (Figure 2). Eight of the 12 years that received over the average rainfall amount were in the last 10 years of period observed. The wettest year in the record observed was 2011, which saw a total of 526.8 mm of rain, and the driest was 1992 with only 57.6 mm of rain in the whole year.



The NDMA/KFSSG assessment reports include a detailed section on rainfall information, including on the timing (onset and cessation), distribution, and amount of rainfall, expressed in relation to the average through statements such as “below normal” and “above normal”, and sometimes using a percentage. The indicator used in the assessment reports is therefore closely related to, but not fully compliant with, the meteorological drought indicator outlined in the World Meteorological Organization (WMO) drought monitoring handbook from 2016 [8], “Percent of Normal Precipitation”. The handbook identifies as a key weakness for this index that the “normal” calculated using the method can be mistaken to represent mean or average precipitation, which are calculated using a different methodology taking into account the different climate regimes of wet and dry seasons [8]. The assessments lack a section on methodology, meaning that it is not possible to verify the sources of the information or determine what statements such as 50–75% of average mean either in terms of actual rainfall or compared to what dataset. The information in the NDMA/KFSSG assessments for Turkana is provided downscaled to parts of the district, but not consistently. The reports use broad terminology in relation to geographic locations, referring to the southern, northern, and central parts of Turkana, without specifying the borders of these subdivisions of the county.



In one of the years we studied, 2014, a different climate-related drought index, the standardized precipitation index (SPI), was used. This is a value as a three-month average, and the main meteorological drought index recommended by WMO [8]. Our research found no evidence of the use, or attempted use, of any of the other available meteorological drought indices, and it was unclear why the use of SPI was discontinued [23].




3.2. Type of Rainfall Data Used in the County Drought Bulletins


With regard to climate and rainfall information, the county drought bulletins consistently include information on the total amount of rainfall received, based on the observations of the Lodwar meteorological station [24]. The bulletins do not include rainfall measurements from any other source. The bulletins also sometimes include information on the spatial and temporal distribution of rains. The information on the amount of rainfall received is provided in mm for the month, while the other information is only provided as statements of “above normal” or “below normal”. The rainfall information is not downscaled and is provided at the county level.



In the country drought bulletins, the observational rainfall data are analyzed against various time periods ranging from three to six years. This is significantly shorter than the 30-year reference period that WMO has defined as the minimum for establishing a climate normal [8] and that is used, for instance, in the analysis of variations in rainfall in Kenya conducted by Buchanan-Smith et al. [27]. The drought bulletins do not provide a justification for the time period selected to calculate the average or “normal range”. As the long rains assessment and the short rains assessment and SRAs, the bulletins include information on total rainfall received, but also on the date of the onset and cessation of rainy days and the number of rainy days.




3.3. Divergence in Methodology Used for Rainfall Analysis


The main finding from our analysis of the type of rainfall data used in the country drought bulletins and the NDMA/KFSSG assessments was the difference in the methodology used to establish the climate normal for rainfall. A comparison of the percentage range of rainfall included in NDMA/KFSSG assessments with the 30-year average calculated using the meteorological data from the Lodwar station (Figure 2) reveals a general convergence of analysis. A more detailed comparison is not possible due to the divergence of the scale and level of detail of the data. However, for some seasons in the period reviewed, we found a divergence in the rainfall analysis included in the NDMA/KFSSG assessment reports and the Lodwar rainfall observational record. The short rains assessment reports for the years 2014, 2015, and 2017 refer to poor rainfall performance, but this analysis is contradicted by the observational rainfall record. The short rains assessment for 2014 cites as its first key finding that: “Below average performance of the 2014 short rains resulted in hindered improvements in food security in the pastoral, agro-pastoral and marginal agricultural areas” [23]. However, the Lodwar rainfall data for the OND season shows that the total rainfall received (48.8 mm) corresponds to 105% of the 30-year average of 48.0 mm. This could be explained by the simple fact that NDMA/KFSSG uses a different source for rainfall data, but what is clear is that the interpretation of statements such as “above normal” and “below normal” needs to be accompanied by an explanation of what the “normal” range is.



For most of the years that we analyzed the county drought bulletins for, we found that the average amount of rainfall was significantly higher for the shorter reference period used in the bulletins than for a 30-year average period which is used in NDMA/KFSSG (Figure 2, Figure 3 and Figure 4). Thus, county drought bulletins stated that rainfall was significantly “below average”, ranging from the low of 45% of average rainfall in 2015 to the high of 71% in 2017. When the annual rainfall was compared to the 30-year average, which is the WMO standard, however, a very different picture emerged. Three out of the five years reviewed received above normal rainfall compared to the 30-year average, with the exceptions being 2014 and 2015, which received only 86% and 88% of the average rainfall, respectively.



If we take a closer look specifically at the OND and MAM rainfall, we find that the “normal” range is significantly higher for the shorter time range than for the 30-year average (see Figure 3 and Figure 4). This means that when the OND and MAM rainfall is compared to the 30-year period, three (2014, 2015, and 2017) of the five years reviewed received above average rainfall. Using the shorter reference period, only 2017 can be considered to have received above average rainfall. Altering the reference period in this manner therefore significantly changes the outcome of the analysis. We have not found similar research being conducted on how the use of a different reference period can change the analysis in the EWS.



The 30-year average rainfall for the MAM period for the years 1983 to 2013 is 97.1 mm, which is lower than the average for any of the five-year reference periods used in the assessment. The five-year average for the MAM period ranges from a high of 156.3 mm for the 2009–2017 period used in the 2014 assessment to a low of 107.4 mm for the 2008–2012 period used in the 2017 assessment. As the difference in the average is not as significant as for the OND season, the use of a different set of reference periods does not generate divergent outcomes in the analysis for the years studied.



In a few instances, use of different reference periods yielded the same result. In two of the five years of the analysis (2013 and 2016), the rainfall performance was significantly below average for the OND season when compared to both the 30-year average and the shorter reference period. Similarly, the MAM season performed well below average when compared to the 30-year average in 2014 and in 2017, and this is reflected in the long rains assessment reports for these years. The 2014 report cites “50 to 75 percent of normal for Northern part of Turkana” [23], while the 2016 LRA report mentions poor “temporal distribution of the long rains” [23].





4. Discussion


Our analysis of policy documents and rain data used in the NDMA/KDSSG assessments, as well as the county drought bulletins, primarily belong to the food availability category. The food availability category includes climate-related indicators, with the most prevalent climate-related indicator used in all the reports we looked at being precipitation as a percentage of normal.



Overall, there is a fairly broad body of research on the Kenyan EWS available (see, for instance, [2,27,28,29]), much of it dedicated to identifying existing weaknesses and gaps in the system, with the aim to provide guidance to policymakers on how to strengthen it. As Shiferaw et al. [3] point out, the main challenge is to make the information generated by the system better tailored to user needs. However, we found no previous research conducted that critically evaluated the validity of the analysis produced by the EWS. Based on our analysis, we identify three issues in particular that need to be further discussed, namely the timing of assessments, the use and omission of particular indicators and place relevant data (downscaling).



First, our findings are supported by existing literature but also provide more detailed evidence on the EWS in Kenya, highlighting the technical gaps in the system, such as the timing of the long and short rains assessments. The report for the October to December rainy season, the so-called short rains assessment, is not published until February at the earliest [25]. This leads to the content being backward rather than forward looking and contributes to a model of consistently late responses. The biannual timeframe of the assessments has been identified to hinder response to humanitarian needs outside the “normal” timeframe [19]. This has been addressed by introducing monthly bulletins in the most vulnerable counties [2]. The monthly county-level drought early warning bulletins have been issued since 2012 by the Kenyan Drought Management Authority for all arid districts in Kenya. These bulletins identify the Early Warning Phase classification based on livelihoods zones. For Turkana, for instance, these livelihood zones are pastoral, agro-pastoral, and fisheries. The bulletins are a central tool in the EWS, as decisions to release county-level drought early warning funds are made on the basis of the recommendations of the bulletins. The bulletins being issued at the county level serve to decentralize drought early warning in Kenya and link early warning to early action, as the issuance of the county drought bulletins are linked to the establishment of county-level drought contingency funds [2].



Second, previous evaluations of the Kenyan EWS have identified its reliance on climate- and agriculture-related indicators over social and individual factors as a weakness [15], and this is corroborated by our findings. It has been shown in the literature that effective drought monitoring requires a comprehensive assessment of future drought and water supply conditions and better understanding of temperature and land surface feedbacks [2]. This would include complex EWSs that capture a range of indicators measuring impacts on all the four different types of drought: meteorological, hydrological, agricultural, and socio-economic [3]. However, the socio-economic indicators used in the EWS focus mainly on food access, using price and income information. Monetary access indicators are limited to general average producer prices and income statistics produced by FAO and the World Bank and it is not possible for the information to be “downscaled” to specific locations [14]. As these indicators capture the situation at the national level through estimates of food surplus and deficits, they do not detect local discrepancies [14], nor are they able to accurately reflect the complexity of vulnerability with no agreement on suitable indicators.



Third, focusing on the climate-related indicators, in our analysis, we find a reliance on meteorological drought indicators, specifically the percent of normal precipitation, which is a simple drought indicator [8]. The main difference observed is that the county bulletins consistently included total amount of rainfall as expressed in mm, whereas the NDMA/KFSSG bulletins only included rainfall information expressed as “below normal” or “above normal”. Neither the county bulletins nor the long-term assessments therefore use the indicator consistently. Moreover, our in-depth analysis of the use of the precipitation indicator in both the country drought bulletins and the NDMA/KFSSG assessments shows a difference in the methodology used to establish the climate normal for rainfall. The NDMA/KFSSG biannual assessment used rainfall data with a 30-year reference period used to establish the climate normal. The county drought bulletins depend on data from a single meteorological station, and compared the rainfall received to a timescale significantly shorter than WMO guidelines for calculating the climate normal [30]. The county bulletins do not include any information on temperature and land surface feedbacks. The use of different types of methodologies can lead to different outcomes in terms of the analysis, signaling a different level of food security through the EWS.



Furthermore, our findings show that neither of the EWS products we reviewed provide information on rainfall data that is downscaled to a level that would render it usable to decision makers, that is, information is not provided at a geographical scale that makes it actionable for end-users, which often means county or district level [31,32]. The only evidence of downscaling we found was in some of the NDMA/KFSSG assessments analyzed which did include information that was downscaled to specific geographic parts of Turkana (central/northern). This was not, however, done consistently from year to year. As also shown by our findings, the sparsity of the meteorological observational network in Kenya and the lack of capacity to accurately forecast the weather, analyze available data, and make long-term climate scenarios have been well documented [2,29]. This contributes to the lack of clarity identified by [2] on what action to take and when. As outlined in the case study description, recent years have seen an improvement in the downscaling of the assessments, with the biannual assessment now done at a county level. Furthermore, such technical improvements, as well as strengthening of institutions for cooperation as outlined in previous research [2], would serve to enhance the EWS further.



Lastly, while not a finding of our research, it is worth highlighting that the fact that the biannual assessments are conducted jointly by the NDMA and KFSSG reveals how intrinsic the link between drought and food security is in the Kenyan early warning system. There is no separate assessment for food security at the national level. None of the assessment reports include indicators related to the social value and social acceptability of food, food utilization (i.e., there was no analysis of poor dietary diversification and overreliance on carbohydrates), or food safety. In addition, the access- and affordability-related indicators do not consider wider market-related factors.




5. Conclusions


In Kenya, there is a drought EWS that is used to inform early action on food insecurity. This in itself is a significant finding in a country with persistently high food insecurity levels. The EWS relies primarily on indicators related to food availability, with much less indicators included for food access and utilization. With regard to climate-related indicators, we find that despite technical improvements in global drought monitoring methodology, the system continues to rely on the simple method of expressing rainfall as a percentage of normal, and this indicator is also being used inconsistently. We found no evidence of steps having been taken to use a more sophisticated meteorological drought index. The main finding of our research is that there is no consistent methodology in place for use of meteorological indices in the EWS bulletins and assessments. There are also gaps in the methodology applied to the analysis of the data. The two main products of the Kenya drought EWS—the biannual assessments and the country bulletins—use different sets of rainfall data and different methodologies for establishing the climate normal, leading to discrepancies in the output of the EWS. This is a significant finding as funds for early action and response both at the county and national level are triggered by the outputs of the EWS. Given that the humanitarian community makes decisions about scaling up responses on the basis of analysis of the early warning assessments at the global level, there needs to be more research on how the EWSs are constructed and used in making decisions to act. The inconsistencies in the methodology used for rainfall analysis reveals a need for further improvement of the indicators used in the system in Kenya. In this regard, standardization of methodologies and cooperation between various institutions would be essential steps towards a streamlining of approaches.
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Figure 1. Percentage of population in need of food aid in Turkana 2007–2017 [23]. 
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Figure 2. Total annual rainfall in Turkana (source: Kenya Meteorological Department, Lodwar meteorological station record). 
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Figure 3. OND rainfall with 30-year moving average and 5-year moving average (source: Kenya Meteorological Department). 
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Figure 4. MAM rainfall with 30-year moving average and 5-year moving average (source: Kenya Meteorological Department). 
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Table 1. Early warning indicators used in NDMA/KFSSG biannual assessment and Turkana drought county bulletins.
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Food System Element

	
Component

	
EWS Indicator

	
County Bulletins






	
Availability

	
Food Production

	
Rainfall

	
Y




	
Vegetation cover index

	
Y




	
Crop yield

	




	
Area under cultivation

	




	
Pasture availability/forage conditions

	
Y




	
Area under irrigation

	




	
Trekking distance to water

	
Y




	
Watering frequency for livestock

	




	
Livestock body condition

	
Y




	
Milk production

	
Y




	
Recharge of water sources

	




	
Floods

	




	
Acute water scarcity

	




	
Land degradation

	




	
Livestock productivity

	




	
Crop pests

	




	
Cost of farm inputs

	




	
Poor agronomic practices

	




	
Livestock migration

	
Y




	
Household livestock holding

	
Y




	
Fish production

	




	
Livestock disease

	




	
Food Distribution

	
Insecurity/conflict

	




	
Supply disruptions

	




	
Poor infrastructure

	




	
High transport costs

	




	
Household maize stocks

	




	
Food Exchange

	
Terms of trade

	
Y




	
Maize balance

	




	
Dependence on markets

	




	
Access

	
Affordability of Food

	
Prize of staple food

	




	
Livestock prizes

	




	
Milk prizes

	




	
Income earning opportunities

	




	
Water prices

	
Y




	
Household purchasing power

	




	
Coping strategy index

	
Y




	
Allocation of Food

	
Meal frequency

	




	
Milk availability

	
Y




	
Water consumption

	




	
Food Preference

	
Food consumption score

	
Y




	
Dietary diversity

	




	
Switch to less expensive food

	




	
Utilization

	
Nutritional Measurements

	
General acute malnutrition

	




	
Severe acute malnutrition

	




	
Crude mortality rate

	




	
Middle upper arm circumference

	
Y




	
Human Disease

	
Human disease

	




	
Social Value

	
Social acceptability

	




	
Food Safety

	
Poor feeding practices

	




	
Poor hygiene
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