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EXECUTIVE SUMMARY 
 

Weather and climate services (WCS) are expected to improve the capacity of Africa’s agricultural sector to 
manage the risks of climate variability and change. Despite this, a lack of evidence regarding WCS prevents 
a realistic analysis of whether services are delivering on their potential. This paper reviews 59 studies that 
have evaluated outcomes and/or impacts of agricultural WCS in Africa, highlighting areas that have 
received relatively more attention, as well as persistent gaps. While the evaluation of WCS outcomes is 
relatively straightforward, estimates regarding access and use of these services are uneven (covering a small 
number of communities in 22 of 54 African countries) and highly variable (with access ranges from ~2-
86%, depending on the service and the population). Meanwhile, just 16 documents estimate the impact of 
WCS with respect to yields and/or income. Developed with a variety of methods, these estimates are also 
wide ranging (some users lose, while others experience up to 66% marginal gains) and illustrate how 
impact is conditioned on a number of characteristics of the service, the user, and the context in which 
both operate. The paper uses lessons developed through this review to develop a “learning agenda,” or 
evidence-building roadmap, to establish priorities that can guide future work to generate evidence that can 
improve the design, delivery, and impact of agricultural WCS in Africa. Priority learning areas include: 
broadening our view of potential users, and uses, of WCS; filling of geographic and demographic gaps; and 
quantifying the extent to which “good practice” leads to improved outcomes and impacts.  
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INTRODUCTION  
 
Agriculture plays a critical role in most African economies and among the livelihood strategies of a 
majority of Africans1. Yet African agriculture is marked by low productivity, low levels of investment, and 
high levels of weather and climate-related risk2. Weather and climate services (WCS), which involve the 
production, translation, transfer, and use of scientific information for decision-making, are expected to 
improve the capacity of Africa’s agricultural sector to manage the risks associated with climate variability 
and change – and, in doing so, to transform investment in this important sector. As such, agricultural WCS 
stand to play a critical role in Africa’s efforts to meet the Sustainable Development Goals (SDG), including 
with respect to poverty (SDG1), hunger (SDG2), gender equality (SDG5), responsible consumption and 
production (SDG12), and climate action (SDG13)3.  

Given the degree to which weather and climate shape agricultural production, a great deal of research has 
explored how weather and climate affect African agriculture4–8. Research has also focused on: the kinds of 
weather and climate information that can inform agricultural decision making9–11; the quality of existing 
weather and climate information12, 13; and the ways in which African farmers can use such information to 
improve their livelihoods14, 15. Despite this, evidence regarding the effectiveness of agricultural WCS in 
Africa lags behind these other fields.  

This evidence gap can be traced in part to idiosyncrasies of the WCS communities, originally dominated by 
scientists with more experience evaluating the quality of information than in understanding the impact of 
its use16. Even as the discipline has grown – including through Global Framework for Climate Services, 
implemented by the World Meteorological Organization in 2012  – a number of challenges continue to 
complicate the evaluation of WCS, thwarting the efforts of skilled evaluators and tempting information 
providers to defer evaluation, or to rely on more easily tracked but less meaningful metrics including web 
traffic, workshop participants, and peer-reviewed papers17.  

The resulting lack of objective evidence has prevented the community from developing a more complete 
understanding of the role that climate services can and do play in African agricultural development. How 
and to what extent do farmers access and use weather and climate information to inform their decisions? 
What impact do WCS have on farmers’ livelihoods and on agricultural development goals? How do 
particular aspects of the design and implementation of WCS influence their effectiveness? Were they 
available, convincing answers to these questions could be used to improve the implementation of existing 
services; support adequate investment of public funds in National Meteorological Services; inform the 
appropriate balance of investment in the production, translation, transfer and use of climate information18; 
and shape the role that WCS play in national adaptation and climate finance plans, among other things. 

To guide efforts to generate the evidence that can meet these needs, our paper develops a “learning 
agenda” for the evaluation of agricultural WCS in Africa. We begin by defining terms and the scope of our 
study in section 2. Section 3 reviews existing evidence regarding the access, use, and impact of WCS in 
Africa’s agricultural sector, while the methods used to develop this evidence are described in section 4. 
After considering these threads separately, the paper brings them together in section 5, where evidence 
and methodological gaps are synthesized before developing a learning agenda (section 6). The learning 
agenda serves as an evidence-building roadmap that prioritizes areas where additional work holds the most 
potential to advance our understanding of how WCS can and do contribute to improved agricultural 
outcomes in Africa. 
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SCOPE 
 

The evaluation of weather and climate services should not be confused with the evaluation of weather and 
climate information; while the latter assesses the quality of the information itself (e.g., forecast 
verification), the former is primarily concerned with: (1) documenting the extent to which potential users 
are able to access and use services; (2) estimating the actual or potential impact and/or value of services; 
and (3) identifying those elements of design and implementation that lead to better outcomes with respect 
to (1) and (2).    

As such, our paper reviews studies that provide evidence of access, use, and impact of agricultural WCS in 
Africa. Building on an earlier review9, documents were identified with two online searches (Web of 
Knowledge, Google Scholar) and by word-of-mouth requests for evaluation documents made through the 
authors’ professional networks; they were included if they generated qualitative or quantitative evidence 
that addressed one or more of the criteria listed above. Studies that focused only on the use of traditional, 
rather than scientific, weather or climate indicators were not included.  Both peer-reviewed and grey-
literature studies were included regardless of whether documents were originally intended as program 
evaluations or not.  

These methods turned up 59 evaluation studies, conducted in 22 African countries over a span of 40 years. 
Studies were concentrated in West (26/59), East (21/59), and Southern (17/59) Africa (note some studies 
include more than one location); the review found just one study that met our criteria in Central Africa and 
none in North Africa. Even in regions where evaluations were relatively more common, certain countries 
(e.g., Burkina Faso, Kenya, Tanzania, Ethiopia, Zimbabwe) turned up frequently, while other countries 
(e.g., Angola, Eritrea, Cote d’Ivoire, Gambia) are not represented at all. The vast majority of studies 
evaluate services built on forecast information at weather, sub-seasonal, or seasonal climate time scales, or 
were ambiguous with regards to the kind of information that was provided.  

Information regarding the geographical scope of these studies is presented in Figure 1. A full list of 
documents is found in Appendix 1.   

 

 

Figure 1: The geographical scope of the WCS evaluation studies included in the review.   
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EVIDENCE BASE 
 

Evaluation efforts have generated evidence regarding the access, use, impact, and design of climate 
services; while evidence remains somewhat limited, particularly in certain regions, the evidence that does 
exist seems to indicate that WCS are more accessible in certain regions than in others; that when available, 
services are used more frequently by farmers than pastoralists; and that the impacts associated with WCS 
depend on a number of factors related to design, targeting, and implementation.    

Variable access to information 
Evidence indicates that Africans’ access to weather and climate services varies based on region, livelihood 
strategy, demographic characteristics, and information type. In East Africa, for instance, studies in Kenya, 
Ethiopia, Tanzania, and Uganda estimate access in the range of 15-82%, with lower estimates for 
pastoralist versus farming communities and some indication that men are more able to access climate 
information than women19–22. In Southern Africa, estimates in Malawi, Mozambique, Namibia and 
Zimbabwe range from 27-86%, with an indication that radio is the primary source by which farmers access 
weather and climate information15, 23–25. Evidence also suggests that weather information is more accessible 
than seasonal forecasts in this region26.   

There’s some indication that WCS may be more accessible in East and Southern Africa than in West 
Africa, though evidence is mixed21, 27. One West African study comprising Mali, Burkina Faso, Niger, and 
Nigeria found that 70% of 566 surveyed households were aware of and able to access climate 
information28, though more recent studies have presented somewhat lower numbers. In Burkina Faso, for 
instance, Zongo et al. (2016) found 22% of sampled farmers (n=629) had access to climate information, 
while Rasmussen, et al (2014) found a minority of Burkinabé herders (n=61) had access to weather 
forecasts (30%), flood information (6-13%), and seasonal climate forecasts (SCFs) (7%)27, 29. Oyekale et al 
(2015), sampled 701 farmers in five West African countries, finding that slightly more than half were able 
to access climate information21.  

While just one study considers access in Central Africa, it finds only 2% of farmers in the Central African 
Republic have access to any kind of meteorological information30.  A summary of access estimates is found 
in Table 1. More detailed information regarding access estimates is found in Appendices 2-4.  
 

Table 1: Regional summary of estimates of access to agricultural CIS found in the literature  

Region Countries Samples Estimates 
Range 

Key References 

 

Central 
Africa  

 

Central African 
Republic 

 

315 
individuals 
surveyed 

 

2% 

Ngana et al. 2013 

East 
Africa  

Kenya, Tanzania, 
Uganda, Ethiopia 

3088 
individuals 
surveyed; 
122 
interviews; 
23 focus 
groups 

15% - 82% O'Brien et al 2000; Deressa 2008; Ngugi et al. 2011; 
Gebrehiwot & van der Veen 2013;  Oyekale 2015;  
Coulibaly et al. 2015; Daly et al. 2016;  Egeru 2016 

Southern 
Africa 

Mozambique, 
Malawi, Namibia, 
Zimbabwe 

3744 
individuals 
surveyed; 
46 
interviews  

27% –  

86% 

O'Brien et al. 2000; Patt et al 2005; Mudombi & 
Nhamo 2014; Lazo 2015; Coulibaly et al. 2015; Mulwa 
et al. 2017 
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Region Countries Samples Estimates 
Range 

Key References 

West 
Africa  

Benin, Burkina 
Faso, Ghana, Mali, 
Niger, Senegal, 
Nigeria 

2079 
individuals 
surveyed; 
192 
interviews; 
144 focus 
groups  

5.6% - 75%  Roncoli et al. 2002; Tarhule & Lamb 2003; Roncoli et 
al. 2009; Oyekale 2015; Carr 2014; Rasmussen et al. 
2014; Zongo et al. 2016; Amegnaglo et al. 2017 

 

Differing levels of use 
Evidence regarding the use of agricultural WCS varies based on livelihood strategy, among other things. In 
fact, several studies find evidence that farmers use WCS when they are accessible; these studies document 
farmers’ application of weather and climate information to a range of decisions, including those regarding 
the choice of fields, crops, and/or crop varieties; the timing of agricultural tasks; the application of inputs, 
and the negotiation of annual loans24, 28, 31–37.  
 

Table 2: Summary of work evaluating the use of CIS, including the information and decisions most 
commonly explored, as well as the sample and key references by group and region.  

User Group Information 
Type 

Key 
Decisions 

West Africa East Africa Southern Africa 

 

Farmers 

 

daily weather 
info; seasonal 
forecasts; 
drought; 
rainfall onset; 
pests 

 

choice of field; 
crop selection; 
crop variety; 
timing of farm 
activities 

 

2912 individuals 
surveyed; 134 
focus groups; 
159 interviews 
(Carr et al. 
2015 ; Zongo et 
al 2016) 

 

3468 individuals 
surveyed; 73 
interviews, 4 
focus groups 
(Oyekale 2015; 
STAT4D 2017) 

 

3186+ individuals 
surveyed; 46 interviews 
(Mulwa et al. 2017; 
Mudhombi & Nhamo 
2014) 

 

Pastoralists 

 

flood forecasts; 
grazing 
forecasts; 
rainfall onset; 
sub-seasonal 
forecast; 
extreme 
events  

 

shifting 
livestock; 
selling 
firewood; 
seeking 
military escort 
to grazing 
areas; 
purchasing 
veterinary 
drugs 

 

61 individuals 
surveyed; 8 
focus groups; 15 
interviews  
(Rasmussen et 
al. 2014; Roncoli 
et al. 2002)  

 

1023 individuals 
surveyed, 79 
interviews  
(Lybbert et al. 
2007; Egeru 2016; 
Nguigi et al. 2011) 

 

 

 

- 

 

Organizations  

 

SCFs 

 

food security 
planning 

 

22 individuals 
surveyed 
(Tarhule & Lamb 
2003) 

 

33+ interviews 
(Broad & Agrawal 
2000) 

 

- 

 

Working with Malian farmers, Carr et al. (2014) and Carr and Onzere (2017) found that farmers’ use of 
climate information was dependent on the roles and responsibilities associated with particular identities, 
primarily seniority and gender38, 39. Contrary evidence was found in Malawi, where a roughly equal number 
of male and female farmers (n=320) report having access to climate information, but not using it – relying 
instead on indigenous knowledge and personal experience, which they perceive as more reliable and more 
relevant to local decision making23. Our review found no evidence that farmers use climate information to 
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make costly investments (e.g., irrigation or agroforestry), a finding that was corroborated by Bryan et al. 
(2009) in both Ethiopia and South Africa40.  

While evidence indicates that farmers use WCS in a variety of circumstances, pastoralists’ use of WCS 
appears more limited. In documenting the use of forecasts among herders of southern Ethiopia, for 
instance, Egeru et al. (2016) found that most (96%, n=200) rely on traditional, rather than scientific, 
forecast information37. Similarly, Luseno et al. (2002), found that a majority of Kenyan and Ethiopian 
pastoralists (n=323) did not use seasonal climate forecasts – a finding the authors attributed to the 
relatively large number of mid-season decisions that allowed herders to cope with unfavorable conditions 
as they developed, rather than in advance41. 

This is corroborated by studies that show that only certain types of information are useful to pastoralists, 
who face a very different suite of decisions than farmers. For instance, Rasmussen et al. (2014) found that 
Burkinabé pastoralists (n=61) were inclined to make changes to herd management based on information 
regarding the availability of grazing land (75%); onset date (6-53%); and rainfall during the first two weeks 
of the rainy season (17%) – though they did not adjust herding practices in response to seasonal 
forecasts29. In Uganda, pastoralists (n=198) reported using information on onset and drought to make 
decisions regarding shifting livestock to new grazing areas; seeking military escorts to those areas; selling 
firewood and charcoal; and purchasing veterinary drugs37.  More detail regarding the access and use 
estimates are found in Appendices 2-4.  

Context-dependent impacts 
Evidence regarding the impact and potential impact of agricultural WCS on yields and/or incomes is 
generally positive – though also relatively varied, depending on the context, climate, and crop, as well as 
the type and accuracy of the information in question.  

In Burkina Faso, for instance, evidence indicates that on-farm gains associated with the use of seasonal 
forecasts increased monthly cereal production27. Similarly, Ouédraogo et al. (2015), reports that Burkinabé 
cowpea farmers (n=170) with climate information showed higher yields than those without information 
(an average of 847 kg/ha compared to 685 kg/ha); information recipients were shown to have made 
decisions that resulted in savings in seed and pesticides, resulting in gross margin gains of 66% above the 
control group. The same study found that sesame farmers provided with climate information had slightly 
lower yields (550kg/ha compared to 605kg for the control group) and lower margins, as the information 
prompted an increased investment in fertilizer that did not lead to significant returns42. 

Also in West Africa, Roudier et al. (2014b) modelled (ex ante) the introduction of seasonal and 10-day 
forecasts in Senegal:  their modelling findings indicate farmers who used both types of information were 
likely to experience yield gains in roughly one-third of the cases; this study also estimated that impacts vary 
according to the nature of rainy season, the accuracy of the forecast, and the type of response44. 

Reporting on the results of a multi-year project in Southern Africa, Patt et al. (2005) found that 
Zimbabwean farmers (n= 578) who used seasonal forecasts showed a small but insignificant difference in 
yields in the first year, and a larger and marginally significant difference in the second year33. A modeling 
study of the potential impact of SCFs in Lesotho found that while the use of forecast information had the 
potential to improve outcomes for marginal households, forecasts with poor skill were more likely to be 
associated with negative impacts45; a companion study found that the timescale of adoption for seasonal 
forecasts is likely to be very long46.  

In East Africa, Anuga and Gordon (2016) looked at the relationship between agricultural outcomes and 
the employment of “climate resilient” strategies in Ethiopia;  they found that receiving training in the use 
of weather information had the greatest influence on yield (17% increase)47. Barrett and Ndegwa (2016),  
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Table 3: Ex post and ex ante estimate of impact of agricultural WCS as found in the literature 
Country Impact Estimate Information Type Approach Reference 

Burkina Faso  Cowpea farmers, gross margin is 
greater (66%) for climate-aware 
farmers than control  

SCF Ex post Ouedraogo et al. 
2015 

Ghana  Farmers trained to access info 
increased yam yield by 17%. 21% 
of variation on maize yield caused 
by use of weather info 

weather forecasts  Ex post Anuga et al. 2016 

Malawi, 
Tanzania  

90% of farmers report information 
made them more confident in 
planning; more than 75% reported 
seeing agriculture as more of a 
business after the training   

Weather forecasts, 
participatory 
planning tools, 
agro-advisories  

Ex post STATS4D 2017 

Zimbabwe  Farmers who used SCF 
significantly improved harvests 
over baseline amounts 

SCF Ex post Patt et al. 2005 

Senegal  Test farm led to increase in yield of 
roughly 15% to 50% 

SCF; 10-day 
forecasts; daily 
forecasts;  

Ex post  Lo & Dieng 2015 

Zimbabwe  Long-term mean production could 
increase in the presence of 
forecasts; production volatility also 
shown to increase 

SCF Ex post, ex 
ante 

Philips et al. 2002 

Kenya  Perfect knowledge of daily weather 
worth ~24%-69% of avg gross 
margin, GCM predictions based on 
observed sea surface temperature 
(SST) increased avg gross 
margins 9%-24% 

SCF  Ex ante  Hansen et al. 2009 

Kenya, Malawi, 
Mozambique, 
Tanzania, 
Zambia 

Adopted by all farmers, SCF 
generates avg regional income 
gains of US$113 million/year ($317 
million/yr perfect info) 

SCF Ex ante  Rodrigues et al. 
2016 

Niger 10-days forecasts alone, or with 
SCFs, beneficial for all types of 
farmers; those w more land & 
fertilizer benefit more 

10-day forecasts; 
SCF  

Ex ante  Roudier et al. 2016 

Niger Benefit is lowest with imperfect 
tercile forecasts (+6.9%), higher 
(+11%) with perfect tercile 
forecasts, and highest (+31%) 
when adaptation strategies and 
additional climatic indices are 
available 

SCFs; advice; 
climate indices 

Ex ante  Roudier et al. 2012 

Senegal Forecast use associated with gains 
in crop yields in 62 of the 177 
cases, with losses in 22 cases 

 

10-day forecasts; 
SCF 

Ex ante Roudier et al. 2014 

Senegal  When a dryer-than-average rainy 
season is predicted, forecasts yield 
an increase of the farmers’ 
income—13.8% for statistical 
model and 9.6% for DEMETER 
ensemble mean 

SCF  Ex ante  Sultan et al. 2010 
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working in Kenya, found that farming households with access to local advisories and seasonal forecasts 
had consistently higher income levels48. Also in Kenya, an ex ante modeling study conducted by Hansen et 
al. (2009) found that that seasonal forecasts based on a general circulation model (GCM) led to gross 
margin increases of 9-24%, averaged across years, while perfect knowledge of daily weather was worth an 
estimated 24-69%50. 

At a regional level, Rodrigues et al. (2014) modelled economy-wide impacts of national seasonal forecast 
systems in Kenya, Malawi, Mozambique, Tanzania, and Zambia. The study estimated that perfect 
information adopted by all farmers would generate regional GDP gains averaging $113 million USD per 
year ($3 USD per hectare) relative to a no forecast baseline. The study estimated benefits are higher for 
poorer households as they are more likely to be engaged in farming51.   

Perception of value 
While the impact estimates described above are developed using surveys or modelled analysis, other 
studies solicit the “value” of WCS from potential users directly.  These studies ask or elicit what users 
would be willing to pay for WCS information or services in the future, and thus the benefit farmers would 
expect to receive from the use of such services. Adjusted to 2017 rates (USD), these estimates have ranged 
from $1.19 27 to $15.3642 for improved seasonal forecasts (see Table 4).  

Individual studies elaborate on this range: Ouédraogo et al. (2015), for instance, found that seasonal 
information ($15.36) is much more highly valued than decadal information ($3.55) or even contextualized 
agro-meteorological advisories ($5.77) in Burkina Faso42. Rao et al. (2015) found men and women valued 
different services (e.g., training, advisories, etc.) differently, and Zongo et al. (2016) showed variations in 
willingness to pay (WTP) for seasonal information depending on agro-ecological zone27, 35. In addition to 
the WTP estimates, Amegnaglo et al. (2017) used a ranking system to identify which information is 
perceived to be more valuable to farmers52.  

Table 4: WTP for SCF, adjusted to 2017 USD, from studies included in the review. Most studies offer 
more detail, breaking down averages by gender or location.  

 
Country  Sample Size Average WTP 

for SCFs 
(2017 USD) 

Reference 

Benin 354 farmers, 18 villages $13.52 Amegnaglo et al. 2017 

Burkina Faso 629 farmers, 11 villages $1.19 Zongo et al. 2016 

Burkina Faso 170 farmers, 11 villages $15.36 Ouedraogo et al. 2015 

Kenya 120 farmers, 12 villages $3.35 Rao et al. 2015 

Zimbabwe 1125 farmers, 9 districts $5.69 Makaudze 2005 

 

Design and targeting  
As earlier sections make clear, many studies have generated evidence regarding the degree that elements of 
design, implementation, and targeting affect access, use, and/or impact; evidence regarding several of these 
factors are discussed below and presented in Table 5.  

User characteristics -  A number of studies have focused on the role that user characteristics have 

played in conditioning the access, use, and impact of weather and climate services. These studies have 
primarily focused on livelihood strategy and identity, including for instance, gender, education, and 
socioeconomic status19, 21, 53, 54. Several studies have also explored understanding of climate forecasts, 
showing that users are able to recognize and adapt to the uncertainty implicit in such forecasts20, 55.  
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Table 5: The frequency with which the relative effectiveness of implementation and/or design factors 
have been explored in the literature. Each factor is categorized as follows: U = user; S = service; C = 
context. 

Topic of study Number of studies  
References Factor 

Type 
 

Access 
 

Use 
 

Impact 
 

WTP  
Accuracy for forecasts 

 

Service   4 1 Amegnaglo et al. 2017; Hansen et al. 
2009; Hulme et al. 1992; Roudier et al. 
2012; Roudier et al. 2014; Sultan et al. 
2010 

Additional resources or 
information for decision 
making 

User  3  1 Luseno et al. 2003; Mudombi & 
Nhamo 2014; Ngugi et al. 2011; 
Rasmussen et al. 2014; Roncoli et al. 
2002 

Climate conditions  Context 1 1 3 1 Ngugi et al. 2011; Oyekale 2015; 
Rodrigues et al. 2016; Roudier et al. 
2014; Ziervogel et al. 2005; Zongo et 
al. 2016; 

Costs / prices  Context,   2  Hansen et al. 2009; Rodrigues et al. 
2016 

Dissemination (channel, 
presentation, timing)  

 

Service 9 6 1 3 Amegnaglo et al. 2017; Anuga & 
Gordon 2016; Coulibaly et al. 2015a; 
Coulibaly et al. 2015b; Daly et al. 
2016; Egeru 2016; Luseno et al. 2003; 
Mudombi & Nhamo 2014; Ngugi et al. 
2011; Patt et al. 2005; Rao et al. 2015; 
Rasmussen et al. 2015; Roncoli et al. 
2002; Roncoli et al. 2009; Zongo et al. 
2016 

Gender  

 

User, 
context 

4 4  2 Amegnaglo et al. 2017; Carr 2014; 
Carr et al. 2016 ; Carr & Onzere 2017; 
Coulibaly et al. 2015a; Coulibaly et al. 
2015b; Jost et al. 2016; Luseno et al. 
2003; Rao et al. 2015 

Information type  

 

Service 4 4 4 4 Amegnaglo et al. 2017; Coulibaly et al. 
2015a; Daly et al. 2016; Hansen et al. 
2009; Hulme et al. 1992; Luseno et al. 
2003; Ngugi et al. 2011; Ouédraogo et 
al. 2015; Oyekale 2015; Rodrigues et 
al. 2016; Roncoli et al. 2002; Roudier 
et al. 2012; Roudier et al. 2016; Sultan 
et al. 2010; Zare et al. 2017  

Institutional capacity 

 

User, 
context 

1 1  2 Broad &Agrawal 2000; Glantz 1977; 
Hulme et al. 1992; Suarez 2004 

Livelihood strategy 

 

User  2 6 2 Carr 2014; Carr & Onzere 2017; 
Hellmuth et al. 2011; Hulme et al. 
1992; Luseno et al. 2003; Ouédraogo 
et al. 2015; Oyekale 2015; Roudier et 
al. 2012; Roudier et al. 2014; Roudier 
et al. 2016; Ziervogel et al. 2005 

Location / agro-
ecological zone 

 

Context 6 1 1 3 Amegnaglo et al. 2017; Carr et al. 
2014 ; Carr et al. 2015 ; Coulibaly et 
al. 2015a; Coulibaly et al. 2015b; Daly 
et al. 2016; Hellmuth et al. 2011; 
Makaudze 2014; Oyekale 2015; 
Roncoli et al. 2002; Tarhule & Lamb 
2003; Zare et al. 2017 

Socio-economic status 

 

User, 
context 

2 1 1 1 Amegnaglo et al. 2017; Carr 2014; 
Carr & Onzere 2017; Daly et al. 2016; 
Luseno et al. 2003; Makaudze 2014; 
Roncoli et al. 2009; Ziervogel et al. 
2005 

Risk aversion  

 

User   2  Hansen et al. 2009; Roudier et al. 
2016 
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Topic of study Number of studies  
References Factor 

Type 
 

Access 
 

Use 
 

Impact 
 

WTP  
Trust / credibility  

 

User, 
service, 
context, 

1 1  1 Daly et al. 2016; Egeru 2016; Luseno 
et al. 2003;  

Understanding 

 

User 2    Luseno et al. 2003; Lybbert et al. 2007 

 

Service design -  With respect to the service itself, studies have considered the role of information 

type (e.g., weather-scale information, flood forecasts, grazing forecasts, onset date, seasonal forecasts) and 
dissemination channel (e.g., radio, TV, internet, SMS, and in participatory workshops) in influencing access 
and use23, 24, 27, 36, 47, 56, 57. Forecast accuracy has also been shown to be a determinant in the potential impact 
of WCS33, 44, 49.  

Context -  With respect to broader context, several authors have shown that information is more 

impactful under certain conditions (i.e., drier than normal, wetter than normal) and certain agro-
ecozones38, 58. Relatively few studies have considered how broad issues related to supply or institutionality, 
influence access and use of weather and climate information in African agriculture – though Ngugi et al. 
(2011) and Suarez et al. (2004) are notable exceptions, exploring the influence of the 1997-98 El Niño on 
forecast use and the various factors that may motivate providers to develop conservative forecasts, 
respectively19, 59. 

EVALUATION METHODOLOGIES 
 
The evidence presented above was generated using a variety of methods; here we consider these methods 
more directly, paying attention to how current approaches have been able to deliver useful information 
regarding agricultural WCS and the extent to which they are suited to address the unique challenges of 
WCS evaluation.  

Evaluation challenges 
Several characteristics of WCS impose challenges to its evaluation. First, the non-rival, non-exclusionary 
nature of WCS means that information can easily be passed along social and family networks. But the 
information transferred through informal networks may be incomplete or distorted. This makes it difficult 
to distinguish between those who receive the service and those who do not, complicating efforts to 
identify a control sample that does not have access to the information, as required for a randomized 
control trial.  

Second, because of the stochastic nature of the climate, the use, impact and even the mechanism of 
impact, can vary considerably from year to year. The number of years required to sample the range of 
variability, and hence provide reliable estimates of use and impact, can be expected to exceed a typical 
project cycle. Furthermore, climate conditions during project baseline and end-line surveys may confound 
cumulative indicators of impact, making it difficult to distinguish between benefits of the service, and the 
influence of climatic conditions in the baseline and evaluation years. 

Third, the impact of climate information comes through changes in management decisions, which are also 
influenced by other agricultural development interventions, and by farmers’ varying goals, skills and 
constraints. Information has no intrinsic economic value. The fact that weather and climate information is 
one of many interacting factors that influences decisions and determines livelihood impacts makes it 
difficult to isolate the relative contribution of WCS. It also means that causal pathways between access to 
climate information and livelihood impact can vary among farmers. 
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While not unique to WCS, this is a particular concern when the evaluation calls for input from farmers 
who may not be comfortable discussing the nature of their productivity or economic performance. Even 
in cases in which farmers are willing to report, they may be unable to correctly estimate harvests or 
production costs; they might also prefer to over- or underestimate harvests, if they perceive that those 
estimates might lead to some potential gain (e.g., food aid). 

Outcome evaluation  
Studies regarding the access and use of WCS fall under the heading of outcome evaluation, since they take 
stock of changes in the behaviors and practices that result from an intervention. Table 6 summarizes the 
frequency of use of particular methods to evaluate access and use of WCS in Africa.  

To date, most of what is known about access to WCS in Africa’s agricultural sector has been gathered 
through household surveys and analyzed using descriptive statistics. This includes studies that use panel 
survey methods to collect data over several years and others that have sampled progressively (e.g., 
surveying the population before, during, and after the agricultural season) to document changes over time, 
or differences between farmers’ expectations regarding access and reality once the season had begun 24, 37.   

 

Table 6: Frequency with which methods have been used regarding access and use of CIS in Africa’s 
agricultural sector.  

Region 

Data Collection Data Analysis 
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West 
Africa  

 
8 

 
5 

 
3 

 
2 

 
6 

 
9 

 
2 

 
Roncoli et al. 2002, 2009; Tarhule & Lamb 2003; 
Oyekale 2015; Carr 2014; Rasmussen et al. 2014; 
Zongo et al. 2016; Amegnaglo et al. 2017;  

 
East 
Africa 

 
12 

 
5 

 
2 

 
1 

 
4 

 
8 

 
6 

O'Brien et al. 2000; Deressa 2008; Ngugi et al. 2011; 
Gebrehiwot & van der Veen 2013;  Oyekale 2015;  
Coulibaly et al. 2015a; Daly et al. 2016;  Egeru 2016; 
Lybbert et al. 2007; Broad and Agrawal 2000; Luseno 
et al. 2003; Bryan et al. 2013 

 
Southern 
Africa  

 
6 

 
3 

 
- 

 
2 

 
3 

 
6 

 
2 

O'Brien et al. 2000; Patt et al. 2005; Mudombi & 
Nhamo 2014; Lazo 2015; Coulibaly et al. 2015b; 
Mulwa et al. 2017 

 
Central 
Africa 

 
1 

 
- 

 
- 

 
- 

 
- 

 
1 

 
- 

 
Ngana et al. 2013 

 

Surveys are well suited to capturing the number of individuals who access particular information products.  
Since access reflects both availability and demand for particular information products, its evaluation may 
seek evidence of either or both. Surveys can be expanded to answer questions such as:  What is the reach 
of particular communication channels? What is the demand for a particular information product, or 
relative demand among different information products? What are the most effective communication 
channels?  How do farmer characteristics (e.g., gender, age, farming system) influence access to particular 
information products and use of particular communication channels? 
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Studies that explore the use of WCS employ similar, though a wider variety of, methods to those that 
engage with issues of access: Data on use is gathered through focus groups, workshops, interviews, and/or 
household surveys, and results are reported using statistics40, 60–62 and/or qualitative methods27, 28, 33, 34, 38 27, 28, 

34, 38, 64. This wider variety of methods reflects the fact that studies of use require the establishment of some 
kind of counterfactual, i.e., what the decision would have been without the information.  

Indeed, eliciting how individuals use WCS depends on the ability of those individuals to attribute changes 
in particular management decisions to the information they contain. Since many conscious and sub-
conscious factors can influence decisions, this may be a strong assumption. Obtaining management plans 
from individuals before and after they have been exposed to predictive information (e.g., seasonal 
forecasts) increases confidence by providing a reasonable counterfactual. The non-excludability of 
information makes it difficult to compare management decisions between samples of farmers with and 
without access.  Since management can vary as a function of forecast conditions – which are stochastic -- 
many seasons may be required to provide a complete understanding of use of predictive information.  

Impact evaluation  
Impact evaluations are designed to generate evidence regarding the ultimate impacts of an intervention, 
whether those impacts are direct or indirect, intended or unintended. While this type of evidence is critical 
for understanding the role that agricultural WCS can play in building the resilience of Africa’s agricultural 
sector, there is far less evidence regarding impact than access and use: only 16 out of the 59 documents 
reviewed for this study used this approach and many of these involve modelled estimates. While there is a 
broader range of methods used than in evaluations of access and use, each of these methods has 
significant limitations, and provides rather indirect evidence of the actual benefit of use of climate 
information.  

Methods to evaluate the impact of WCS can be classified into two distinct categories: ex-post empirical 
studies of the benefits of WCS-informed decisions (i.e. investigating existing WCS); and ex-ante methods 
that model or estimate how potential uses of information could improve production, livelihoods or other 
impacts of interest. A summary of the frequency with which different methods have been used to evaluate 
the impact of agricultural WCS in Africa is found in Table 7. 

Ex post studies -  Six studies have used ex post analysis to evaluate the impact of WCS on African 

agriculture32, 33, 36, 42, 47, 65; those that have are generally based on household surveys and/or interviews, and 
focused on yields and/or marginal income42, 47. While these methods are time and resource intensive, they 
have been used in a variety of contexts, allowing for the development of a relatively large literature that 
explores the difficulties of survey-based ex post evaluation, including the attendant strengths and 
weaknesses of experimental and quasi-experimental design66, 67.  

Another method that has been used to generate evidence regarding the impact of WCS involves test plots. 
In this case, WCS are used to make decisions regarding a specific plot of land throughout the season, after 
which yields from the test plot are compared to those of plots where more traditional practices were 
employed36.  If well designed, test plots have the advantages of providing a counterfactual, capturing 
farmer decision-making, and potentially overcoming challenges of farmer recall and the elicitation of 
sensitive economic information.   

The test plot studies reviewed as part of this work were limited to the management of individual crops, 
and therefore missed potentially important resource allocation decisions made in response to WCS. They 
also focused on yield – but since many uses of WCS many involve saving costs of inputs, gross margin 
(i.e., market price of harvest minus costs of production, per unit area) may be a useful metric. It is 
important to note as well that test plots are only useful when they compare farmers’ management based on 
WCS to farmers’ management without WCS; trials that compare climate-based expert recommendations 
with farmers’ normal practice, the difference between the expert’s and the farmer’s decision criteria  
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Table 7: Methods used to evaluate the impact of WCS on African agriculture. 

Ex 
post/ 
Ex 
ante 

Methodology Data Needs Question 
Addressed 

Possible Uses of 
Evidence 

Strengths of 
Methodology 

Weakness of 
Methodology 

References 

Ex post  Survey 
methods and 
descriptive / 
inferential 
statistics  

Household 
surveys 

What impacts 
were experienced 
by intended 
targets of an 
actual WCS?  

Describing actual 
return on 
investment; 
identifying factors 
that condition 
impact; deciding 
whether a similar 
service will provide 
benefit  

May allow for 
evidence to be 
gleaned through 
information 
collected for other 
purposes 

May not capture 
impacts over time, 
since cost constraints 
may not allow for 
data collection 
across many years  

Anuga et al. 
2016; 
Ouedraogo et 
al. 2015  

Ex post  Test plots  Harvest data  To what extent 
could WCS 
improve yields?  

Design of WCS Provides first-hand 
experience of 
impacts of use of 
SCF; allows for 
testing different 
use strategies 

Often compares 
decisions made by 
resource-constrained 
small-scale farmers 
with those made by 
agronomists who 
have access to more 
resources 

Lo & Dieng 
2016  

Ex ante  Experimental 
economics  

Workshops, 
surveys 

How do target 
individuals 
perceive potential 
impacts? 

Design of WCS; 
identifying & 
accounting for 
multiple uses of 
information  

Existing groups 
may provide 
opportunities for 
low-cost data 
collection 

Requires good 
facilitation and an 
understanding of the 
community; 
participant fatigue   

Jost et al. 
2015; Patt et 
al. 2005; 
Roudier et al. 
2014 

Ex ante  Crop simulation 
/ economic 
models  

Weather, crop, 
economic data  

To what extent 
might individual 
farmers stand to 
benefit from 
WCS?  

Design of WCS; 
estimating impact 
over many years; 
estimating impact 
when difficult to 
establish 
counterfactual  

Can sample many 
years of climate 
information and 
weather 
observations.  
Flexible model 
specification 

Limited by ability to 
capture decisions 
and economic 
impacts; ignores 
market impacts of 
adoption at scale 

  
Hansen et al. 
2009; Sultan 
et al. 2010; 
Roudier et al. 
2012; 
Roudier et al. 
2016 

Ex ante  Agent-based 
modelling  

Weather, crop, 
ethnographic 
data  

How might 
impacts evolve 
overtime and/or 
for different types 
of actors?  

Identifying whether 
services are likely to 
benefit certain 
actors; estimating 
impact when 
difficult to establish 
counterfactual 

Captures 
competition or 
coordination 
among decision-
makers 

Limited by ability to 
capture decisions 
and economic 
impacts 

  
Ziervogel et 
al. 2005; 
Bharwani et 
al. 2005  

Ex ante  Computable 
General 
Equilibrium 
models 

Weather, crop, 
economic data  

How might the 
impact of WCS be 
felt at national or 
regional scale?  

Justifying 
investment; 
exploring how 
services will impact 
scale  

Captures market 
impacts of 
adoption at scale 
and wider 
economy effects 

Limited by ability to 
capture decisions 
and economic 
impacts 

  
Rodrigues et 
al. 2016 

Ex ante 
/ Ex 
post 

Contingent 
valuation  

Household 
surveys 

What value might 
individuals assign 
to WCS?  

Justifying / planning 
investment and 
design of WCS; 
exploring fee-for-
service or other 
business models 

Simple data 
requirements; 
contingent 
valuation methods 
could be combined 
with experimental 
economics 

Difficult to estimate 
value of new 
products.  WTP 
expected to be lower 
than average 
economic benefit 

Amegnaglo et 
al. 2017; 
Zongo et al. 
2015; 
Ouedraogo et 
al. 2015; 
Rao et al. 
2015; 
Makaudze 
2005 
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confound the influence of WCS. Because of the stochasticity challenge, it is generally not feasible to run a 
test plot for enough years to provide stable estimates of the value of the information. 

Ex ante studies - Eleven studies have attempted to characterize the potential impact of agricultural 

WCS in Africa using ex ante methods. These include appraisal studies (undertaken as part of design or in 
advance of WCS implementation) but also the use of ex ante methods, such as models, to estimate the 
potential impact of existing WCS. These studies have employed a range of approaches – including 
experimental economics, models, and surveys – as a means to estimate, rather than analyze ex post, the 
possible benefits of planned or existing services. 

Sometimes described as participatory methods or “serious games,” experimental economics approaches 
provide farmers with an opportunity to simulate how they might use WCS, were they to be provided, and 
to report their perception of potential results. While recent work has shown that these methods can be 
very useful in helping to estimate the impact of WCS, several challenges have been noted: In order for 
these methods to work, for instance, they must be run by skilled facilitators who can ensure that all 
participants feel they can share and explore – and issues of power, gender, and hierarchy may distort the 
results if facilitators are not aware of them. In addition, participatory methods are time consuming; they 
may lead to fatigue among participants, and potentially expose them to uncomfortable or challenging 
situations68, 69.  

Several modeling approaches have also been used to estimate the potential value of agricultural WCS in 
Africa. For instance, crop simulation and economic models have been useful in helping evaluators to 
estimate the value of WCS. Bio-physical models may be used on their own to estimate yield changes, or 
linked directly with economic models (e.g., bio-economic models) so as to characterize the impacts of 
different decisions informed by WCS. Simple field- and farm-level bio-economic models have been used 
to estimate potential impacts of weather and climate information in Kenya, Niger and Senegal; these 
models have also allowed researchers to explore the range of possible outcomes associated with different 
contexts and/or the design and implementation of the services themselves49, 70, 71.   

Agent-based models have also been used to reveal how agents interact with other agents and the 
environment – allowing for the exploration of the impact of WCS in complex systems, as well as how 
interactions producing emergent effects may differ from effects of individual agents. These analyses have 
helped to characterize which types of actors are likely to be impacted, and in what capacity, by the use of 
climate information46, 72.  

A limitation of farm-level and agent-based modeling approaches is that they ignore the potential impact 
that the collective action of many farmers can have on market prices or on other sectors of the economy. 
One study in Africa undertook such an economic analysis, using computable general equilibrium modeling 
to estimate the potential economy-wide impacts of large-scale farmer adoption of seasonal climate 
forecasts across several countries51.  

Where long-term records are available, bio-economic modeling approaches can sample many years of 
weather observations and climate information, and can provide insight that may address the stochasticity 
challenge. The main weakness of model-based impact estimates, however, is that their realism can be 
limited by the ability of the models to capture farmer decisions and resulting economic impacts, 
particularly when weakly grounded in empirical data. In most instances, globally and in Africa, these 
modeling approaches have been applied in a stylized manner to hypothetical uses of information; realistic 
evaluation was often not the objective73.  However, this is not an intrinsic limitation of the approach – and 
though bio-economic modeling tools tend to have demanding data requirements, it is feasible for analyses 
to be well grounded in empirical data, as is often the case for ex-ante evaluation of agricultural production 
technologies.   
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Finally, contingent valuation is a survey-based econometric technique that elicits the amount that potential 
users would be willing to pay for specific services, and thus implicitly their benefit (to these users).  The 
contingent valuation, or WTP approach, estimates the maximum price that a user will pay for the 
information or service directly, whereas the other ex ante approaches estimate value through the expected 
economic benefits of the use of the new information.  Nonetheless, all these techniques seek to derive the 
(economic) value of information74.  

Contingent valuation assumes the potential user can adequately estimate the expected economic gain, 
averaged across years, from using the new information; as such, it avoids the need for an explicit 
counterfactual. It is simpler for the analyst, but has significant limitations, especially for new or planned 
information products. Farmers cannot asses, and typically underestimate, the value of information that 
they don’t have a lot of experience with. For a stylized seasonal forecast system, Pope et al. (2017) 
estimated that users would have to experience at least 30 forecasts in order to provide a realistic estimate 
of the value of the information.  However, training or accelerated experience through games can help to 
reduce this bias.  

SYNTHESIS 

Improving our understanding of WCS outcomes  
Evidence regarding the access and use of agricultural WCS in Africa is more plentiful and more 
homogenous than evidence regarding the impact of those services, making it relatively more 
straightforward to compare estimates of access and use across regions and/or populations.  Our analysis 
has pointed to several key evidence gaps, however.   

For instance, it is clear that estimates regarding access to weather and climate information vary 
considerably – and while there’s been some effort to understand the factors that cause this disparity, a 
more complete mapping of who has access to what kind of information, as well as the factors that enable 
or constrain access, would help to inform the investment and design of weather and climate services. As 
Table 1 makes clear, evidence regarding access to agricultural WCS – or at least evaluation information on 
access - is particularly lacking in Central and Northern Africa – though no region boasts a preponderance 
of evidence, particularly given the diversity of actors that contribute to Africa’s agricultural sector.   

The review also highlights the uneven nature of evidence regarding the use of agricultural WCS. As seen in 
Figure 1, our analysis includes data from just 22 of Africa’s 54 countries – and even within these countries, 
certain populations are relatively more studied than others (e.g., farmers vs. pastoralists). What’s more, 
with a few exceptions (e.g., Daly et al. 2016; Glantz 1977; Hulme et al. 1992) the literature rarely explores 
the extent to which WCS are used by government and non-government agencies – and it makes almost no 
mention of how/whether private organizations (e.g., input suppliers, wholesalers, etc.) use such 
information.  

With regards to methodology, two gaps stand out as well. The first is linked to the fact that many of the 
studies included in our analysis were performed without baseline analyses, making it difficult to identify 
changes in access and use over time, or as a result of a particular intervention. Fortunately, the kind of 
baseline survey that can help to build this sort of evidence is becoming more common in Africa and 
elsewhere22, 23, 56, 78 and will likely improve the evaluation of agricultural WCS in the future.  

Finally, studies that consider the role that aspects of identity, context, and/or design play in determining 
WCS outcomes highlight the need for both qualitative and quantitative methods to build a complete 
understanding of access and use. Qualitative methods, for instance, are particularly useful in helping to 
ensure that quantitative analysis covers both the most common and most impactful uses of WCS. In some 
cases, combining methods reveals patterns that might otherwise have been overlooked:  Carr and Onzere 
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(2017), for instance, used a combined qualitative and quantitative approach to show that including women 
among the estimates of people unfamiliar with Mali’s agro-advisories overstated the need to improve 
dissemination, as the service in question was specifically targeted to senior men with the authority to make 
decisions regarding the cultivation of rain-fed staple crops39. 

Improving our understanding of WCS impact   
The landscape of evidence regarding the impact of WCS is both scarcer and more complicated than that 
regarding access and use, displaying a wide array of ex post and ex ante methodologies that rely on a range 
of different assumptions to help characterize the contribution of the services in question. These 
methodologies respond to the various challenges associated with the evaluation of WCS, though they also 
generate evidence that is somewhat more indirect than the evidence regarding access and use.   

Several evidence gaps call for particular attention – especially regarding the extent to which different 
groups benefit differently from WCS. It is also important to note that the studies included in this review 
have defined impact almost entirely with regards to yields and/or incomes, despite the fact that WCS can 
be expected to have a host of impacts (e.g., improved decision processes, time saved, more efficient 
allocation of resources, changes in social organization, etc.), and that these impacts can be expected to 
accrue to the individual, the society and the environment. To date, no studies have explored the impact of 
agricultural WCS on African societies (e.g., does the promotion of scientific information isolate young, 
educated cohorts from traditional knowledge?) or the environment (e.g., do WCS facilitate more intensive 
farming practices? Could they lead to increased greenhouse gas emissions?).  

There are also some clear methodological gaps. While several studies are based on models, for instance, 
these models have rarely been fully validated – making it difficult to assess the robustness of their results. 
Another key gap is regarding the use of economic approaches to appraise (ex ante) the socio-economic 
benefits of WCS, to help better design new services, to justify prior and existing investments, and to help 
develop the case to continue (or increase) allocation of resources for WCS into the future. This requires 
additional methodological development for costs as well as benefits18, 79. Ensuring that methods capture 
the full range of costs and benefits requires new techniques and will require guidance and support, but 
further development in this area has a key role to play in the scale-up of WCS in Africa. 

Combining methods provides promising opportunities to triangulate estimates of the impact of WCS, take 
advantage of complementary strengths, and overcome some of the most problematic limitations.  For 
example, if bio-economic modeling were combined with participatory approaches and/or survey-based 
data, the empirical results could be used to validate and, if needed, drive modeled farmer management 
response to climate information, while the models could then sample more of the range of variability of 
observed weather and climate information (e.g., Jochec et al. 2001).   

Finally, there is a need to advance the knowledge base on how to generate and use impact information to 
improve the design and/or implementation of agricultural WCS. Documenting how services are able to deliver 
outcomes and impacts, and good practice, will be critical to improving design and delivery, providing 
insights. With the exception of Rao et al. (2015), there is little robust analysis regarding how different 
strategies (e.g., user engagement, co-production, dissemination, capacity building, use) lead to different 
outcomes or impacts. Developing a broader suite of methods to generate this kind of information – and 
use this in design -  has huge potential to improve future WCS. 

LEARNING AGENDA  
 
This review has characterized the state of evidence and methods regarding the evaluation of agricultural 
WCS in Africa. It has identified where our knowledge of access, use and impacts of weather and climate 
services is relatively strong, but also where there are persistent gaps. Building on this analysis, we have 
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developed a “learning agenda,” or evidence-building roadmap, to establish priorities that can guide future 
work to generate evidence that can improve the design, delivery, and impact of agricultural WCS in Africa.  
In particular, the learning agenda identifies areas where further evidence and improved methods can help 
(1) develop information that can improve the extent to which WCS are targeted to people who can access 
and use them; (2) generate a greater sense of the relative contribution of WCS; and (3) illustrate how 
certain design considerations affect this contribution.  More details are included below.    

Improving the targeting of WCS 
1. Fill geographical gaps - There is very little evidence regarding access and use of WCS in Central 

and Northern Africa.  Even in the relatively well studied regions of West, East, and Southern Africa, 
there are sizable evidence gaps, with no evidence at all for many countries (including Djibouti, Eritrea, 
Somalia, Sudan, Zambia, Botswana, Gambia, Guinea-Bissau, Cote d’Ivoire, Liberia, and Togo). 
Geographical gaps also exist within countries, where certain agro-ecological zones are more studied 
than others.   

 

2. Broaden evidence regarding users and uses - There is more evidence regarding access and 

use by farmers than by pastoralists, and for staple rather than cash crops. There is also very little 
information regarding government and/or nonprofit organizations and none regarding the private 
sector. A priority is to address these gaps, continuing to disaggregate populations by the identities that 
shape their roles and responsibilities, and exploring access and use for other uses (e.g., input suppliers, 
insurance companies, wholesalers, extension services, etc.).  

  

3. Explore enablers and barriers - Further qualitative and quantitative approaches are needed to 

flesh out enabling and constraining factors, such as the role of communication strategies (e.g., 
messaging, visualization, etc.) as well as different dissemination mechanisms (e.g., radio, SMS, etc.). 
The business models that sustain WCS have rarely been evaluated, despite the important role that they 
play in conditioning access, use, and impact on both short and long timeframes. 

Improving the impact of WCS  
1. Explore a broader range of impacts -   Most WCS studies have estimated impacts as yields 

and/or income at the farm level. There is a need to broaden this analysis to develop information 
regarding the impact of WCS on the wider economy, society, and the environment (i.e., greenhouse 
gases).  At the same time, economic analyses (see Clements et al. 2013, for a review) have the potential 
to improve design of WCS, and are a priority for appraisal.  These methods also provide information 
of high relevance for national meteorological services, national government and ministries and 
development partners (funders), to justify the allocation of resources to WCS. 

 

2. Compare and validate results -  Comparing impact estimates from different approaches will 

help to characterize the applicability, use and performance of particular methodologies, and the 
credibility, consistency, and comparability of evidence. Validating models will improve impact 
estimates and help build confidence in those results; this can help guide innovation in the design of 
those services, and shape efforts to invest in climate services.  

 

3. Comparative analysis -  Very few studies consider how WCS compare to alternative 

interventions that may build agricultural resilience. Econometric approaches à la Bryan et al. (2009) 
and Deressa et al. (2009) offer a way to fill this gap; other methods, including validated models and 
benefits transfer methods, should also be explored. In particular, further studies should attempt to 
characterize how improvements and/or combinations impact evaluations can improve confidence in 
results.  
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Improving design of WCS   
1. Understanding the influence of stochasticity -  Given the interaction between use and 

impact, and the stochastic variability of climate, future studies should develop a better sense of the 
relationship between the stability of impact estimates and the number of years sampled. It will also be 
important to explore the available options for capturing variability and for increasing confidence 
during the limited number of years of any particular project.  

 

2. Interpreting existing results - Many existing WCS in Africa’s agriculture sector are operating 

sub-optimally and this limits the understanding of what constitutes good practice. There is currently no 
guidance on how this existing information could be used to improve outcomes and impacts; 
developing this guidance will help advance the field. Given the variability in the design of climate 
information that has been evaluated, future work can help identify how the quality of services can best 
be factored into the body of evaluation results.  

 

3. Developing guidelines for benefits transfer - While the general field of economics has 

generated guidance regarding benefits transfer methodologies, these have not yet been applied to the 
WCS context. Further work to understand the factors that condition the relative success of WCS in 
various contexts, and thus the likelihood that comparable outcomes and impacts will be experienced 
when WCS are transferred to new locations are needed.   

SUMMARY AND CONCLUSIONS  
 
This paper reviewed existing evidence regarding the access, use, and impact of agricultural weather and 
climate services in Africa; it has found evidence that access varies predominantly by region, while use 
depends more on livelihood strategy, with farmers more likely to employ WCS than pastoralists. Evidence 
also suggests that the impact of agricultural WCS varies (with some users losing, while others gain as much 
as 60% of gross margin) based on a number of service, user, and contextual characteristics. Generated with 
a variety of methodologies, this evidence helps to shed light on the potential contribution of WCS to 
African agriculture. Nevertheless, significant gaps remain; the paper prioritizes these gaps within a learning 
agenda, designed to serve as a roadmap of evidence needed to improve the design, delivery, and 
development impact of WCS. Priority learning areas include: broadening our view of potential users, and 
uses, of WCS; filling of geographic and demographic gaps; and quantifying the extent to which “good 
practice” leads to improved outcomes and impacts, among others.  
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APPENDIX 2: WEST AFRICA ACCESS AND USE ESTIMATES  
 
 Access Estimates Use Estimates Information 

Type 
Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

West Africa 

Burkina 
Faso 

21.78% of farmer 
have access to 
climate info 

- seasonal 
forecast 

farmers  629 surveys, 4 
districts  

Zongo et al. 
2016 

2/3 of farmers that 
did not participate in 
workshop received 
forecasts from 
participants, less in 
areas of social strife 

workshop participants 
were more likely to 
use SCFs for farm-
level management 

seasonal 
forecast 

farmers  159 interviews Roncoli et 
al. 2009 

7% (seasonal); 30% 
(2-3 day); 6-13% 
(flooding) 

flooding (100%); 
availability of grazing 
(75%); onset date (6-
53%); subseasonal 
forecast (17%), 
seasonal forecast 
(0%)  

various  pastoralists  61 surveys, 2 
sites; 8 focus 
groups, 2 sites  

Rasmussen 
et al. 2014 

- farmers use SCF for 
choice of field, crop 
varieties, timing of 
tasks, etc., 
constrained by 
presentation & 
resources; pastoralists 
do not use forecasts 

seasonal 
forecast 

farmers, 
pastoralists  

15 interviews Roncoli et 
al. 2002 

62.7% of farmers 
have access to 
forecasts on rainfall 
onset; 39.3% had 
access to forecasts 
on outbreak of 
pests/disease 

24% used info on 
timing farming 
activities 

onset farmers 140 surveys  Oyekale 
2015 

18.6% aware of 
SCF; drought info 
received from media, 
NGOs & the gov; 
farmers were more 
likely to seek SCF 
from NGOs than gov 

- seasonal 
forecast, 
drought info  

farmers 130 surveys, 3 
communities 

Tarhule 
and Lamb 
2003 

Benin 

farmers receive SCF 
through radio 
(75.1%), elders 
(50.3%), meetings 
(26.3%), extension 
agents (24.3%), 
mobile phone 
(18.2%), friends 
(16.8%), research 
institutes (12.7%) 

 95% of farmers report 
that they would 
change at least one 
strategy in response 
to SCFs.  

seasonal 
forecast, 
rainfall 
distribution, 
onset, amount 

farmers  354 surveys  Amegnaglo 
et al. 2017 
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 Access Estimates Use Estimates Information 
Type 

Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

Ghana 

farmers occasionally 
receive daily rainfall 
and temp forecasts 
from the radio; no 
access to seasonal 
forecasts; prefer the 
radio, in their local 
dialect 

Men use weather info 
regarding varieties 
and cropping area; 
women use it for 
planning household 
chores.  

daily weather 
and SCFs 

farmers 4 focus groups, 
15-20 people 
each 

Jost et al. 
2016 

56.4% of farmers 
from West Africa had 
access to info on 
rainfall onset; 18.2% 
access to 
pest/disease 
forecast 

17.6% (rainfall onset) 
and 4.3% (prevalence 
of disease) of West 
African farmers report 
changes in practice 
because of forecasts 

Rainfall onset 
outbreak of 
pests 

farmers 140 surveys  Oyekale 
2015 

Mali 

2500 trained / had 
access as part of the 
project 

- seasonal 
forecast 

farmers - Hellmuth et 
al. 2011 

62.4% aware of 
SCFs; 62% of West 
African orgs do not 
think their 
understanding of 
SCF to have 
improved 

82% of West African 
orgs have not found 
any published climate 
info useful to their 
user groups 

seasonal 
forecast, 
drought info  

farmers; 
intermediary 
orgs 

160 surveys, 3 
communities 

Tarhule 
and Lamb 
2003 

 - use estimates ranged 
for 8% to 24% across 
communities; use 
varies by agro-
ecological zone and 
by social position 
(e.g., for senior men) 

seasonal 
forecast info; 
onset date 

farmers 132 focus 
groups, 660 
interviews, 36 
communities  

Carr 2014; 
Carr and 
Onzere 
2017 

Niger  

29.2% (outbreak of 
pests) and 56.4% 
(rainfall onset) of 
farmers in East 
Africa received info; 
roughly 25% 
reported men & 
women having equal 
access to forecasts 

17.6% (start of 
rainfall) and 4.3% 
(prevalence of 
disease) of East 
African farmers report 
changes in practice 
because of forecasts 

start of rainfall, 
prevalence of 
disease 

farmers 140 surveys  Oyekale 
2015 

5.6% aware of 
SCFs; 62% of West 
African orgs do not 
think their 
understanding of 
SCF  

improved 

82% of West African 
orgs have not found 
any published climate 
info useful to their 
user groups 

seasonal 
forecast, 
drought info  

farmers; 
intermediary 
orgs 

151 surveys in 
3 communities; 
18 intermediary 
orgs  

Tarhule 
and Lamb 
2003 

Senegal  

56.4% of farmers 
from West Africa had 
access to info on 
start of rainfall; 
18.2% access to 
pest/disease 
forecast 

17.6% (start of 
rainfall) and 4.3% 
(prevalence of 
disease) of West 
African farmers report 
changes in practice 
because of forecasts 

start of rainfall, 
prevalence of 
disease 

farmers 140 surveys  Oyekale 
2015 
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 Access Estimates Use Estimates Information 
Type 

Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

Nigeria  

62% of West African 
orgs do not think 
their understanding 
of SCF to have 
improved 

82% of West African 
orgs have not found 
any published climate 
info useful to their 
user groups 

seasonal 
forecast, 
drought info  

farmers; 
intermediary 
orgs 

109 surveys in 
4 communities; 
4 orgs  

Tarhule 
and Lamb 
2003 

 

APPENDIX 3: EAST AFRICA ACCESS AND USE ESTIMATES  
 
 Access Estimates Use Estimates Information 

Type 
Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

East Africa 

Kenya  

 

- significant change 
in planning & mgmt 
re: land prep, seed 
selection, fertilizer, 
harvesting, planting, 
livestock mgmt  

seasonal 
forecast 

farmers  120 surveys Rao et al. 
2015 

62.7% (pests) & 
48.4% (rainfall onset 
rainfall) of East 
African farmers 
received info; roughly 
25% reported men & 
women having equal 
access  

24% (rainfall onset) 
& 5.3% (disease) of 
East African 
farmers report 
changes in practice  

start of rainfall, 
outbreak of 
pests 

farmers 280 surveys  Oyekale 2015 

82% of farmers have 
access to weather or 
climate info; main 
access point is 
through the radio 
(84%)  

majority who 
received info apply 
it in farm mgmt; use 
of info influenced by 
tercile; main 
decisions crop 
selection, water 
storage, food 
storage, early 
planting, hire more 
labor, etc.  

seasonal 
forecast  

agro-
pastoralists 

240 surveys, 
40 interviews 

Ngugi et al. 
2011 

49% of respondents 
had access to 
forecasts in first 
survey; only 4% had 
access in second 
survey 

73% of farmers who 
received SCF used 
them to prepare for 
emergencies; 41% 
changed in planting 
date; 14% changed 
crop location; 9% 
crop type 

seasonal 
forecast  

farmers 198 pilot 
survey, 299 
second survey; 
3 sites  

O'Brien et al. 
2000 

Tanzania 

At local level: access 
to climate info is 
highly variable; 
generally < 50%; 
women have less 
access than men; At 
national and district 
level, all respondents 
had access. 

- climate 
advisories, 
climate 
services  

varied  33 semi-
structured 
interviews at 
district level; 
range of data 
collection 
methods at 
local level 

Daly et al. 
2016 
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 Access Estimates Use Estimates Information 
Type 

Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

> 50% of farmers 
have access to 
weather forecasts; 
slightly less access to 
seasonal forecasts; 
info regarding 
pests/diseases least 
accessible   

38% of farmers use 
info on extreme 
events; 62% onset 
forecast; 22% SCF; 
38% pest forecast; 
0% weather 
forecasts 

Extremes; 
onset; 
weather; SCF; 
pests/diseases  

farmers, agro-
pastoralists  

340 
households, 17 
villages (9 
experimental, 8 
control), 2 
sites; 39 
interviews 

Coulibaly et al. 
2015 

62.7% (outbreak of 
pests) and 48.4% 
(start of rainfall) of the 
farmers from East 
Africa received info; 
25% reported men & 
women having equal 
access  

24% (rainfall onset) 
and 5.3% (disease) 
of East African 
farmers report 
changes in practice 
bc of forecasts 

start of rainfall, 
outbreak of 
pests 

farmers 280 surveys  Oyekale 2015 

Uganda 

Farmers report 
receiving weather info 
on radio and SMS; 
most do not 
understand it, or find it 
salient or credible  

- weather, 
climate info  

farmers 4 focus groups, 
15-20 people 
each 

Jost et al. 
2016 

Info received from 
sources including; 
radio, diviners, 
community meetings, 
elders, humanitarian 
agencies, and 
Uganda Defense 
Force 

info used to for 
shifting livestock; 
selling firewood and 
charcoal; seeking 
military escort to 
grazing areas; 
purchasing 
veterinary drugs;  

Flood, 
drought, pest 
& disease 
forecast, onset 

pastoralists  198 multi-stage 
surveys; 10 
interviews; 29 
focus groups 

Egeru 2016 

Ethiopia  

39% have access to 
info on climate 

Info on temp and 
rainfall used to 
choose crop 
varieties (18.5), soil 
conservation (9.5), 
changing planting 
dates (5.1%) and 
irrigation measures 
(5.4%). 

temperature, 
rainfall 

farmers 400 surveys, 3 
districts  

Gebrehiwot & 
van der Veen 
2013 

15% of households 
had access to 
seasonal forecasts; 
language and access 
to media are 
limitations 

Recipients update 
beliefs based on 
below-normal, but 
not above-normal 
rainfall forecasts 

seasonal 
forecast 

pastoralists  surveys, 245 
households 

Lybbert et al. 
2007 

62.7% (outbreak of 
pests) and 48.4% 
(rainfall onset) of the 
farmers from East 
Africa received info; 
roughly one-quarter 
reported men & 
women having equal 
access to forecasts 

24% (rainfall onset) 
and 5.3% (disease) 
of East African 
farmers report 
changes in practice 
bc of forecasts 

start of rainfall, 
outbreak of 
pests 

farmers 280 surveys  Oyekale 2015 
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 Access Estimates Use Estimates Information 
Type 

Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

gov and non-gov 
agencies access 
seasonal forecast  

Gov and donor 
decisions not based 
on seasonal 
forecasts, but 
lagging indicators of 
crisis  

seasonal 
forecast 

gov & NGOs interviews, 
narrative 

Broad and 
Agrawal 2000 

37% have access to 
climate info 

info on temp and 
rainfall increases 
the likelihood of 
changing crop 
varieties by 17.6 
percent 

temperature, 
rainfall 

farmers  1000 surveys, 
4 regions 

Deressa et al. 
2008 

 

APPENDIX 4: SOUTHERN AND CENTRAL AFRICAN ACCESS AND USE 
ESTIMATES  
 
 Access Estimates Use Estimates Information 

Type 
Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

Southern Africa 

Mozambique 

86% have access, 
primarily through TV 
or radio 

Respondents use 
forecasts, on 
average 780 times 
per year 

weather, SCF general 
public  

576 surveys  Lazo 2015 

Namibia 

35% of farmers 
access  pre-season 
forecasts; 85% 
access info through 
radio  

60% of farmers 
who accessed 
forecasts reported 
using it; common 
action was to 
change planting 
dates (40%); 
substitution (35%)  

SCF farmers  90 pilot survey, 
112 second 
survey 

O'Brien et al. 
2000 

Zimbabwe 

65% access to 
seasonal forecasts 

57% of those with 
access reported 
changing decisions 
based on forecasts 

SCF farmers  4 villages, 578 
surveys 

Patt et al. 
2005 

59% of farmers 
access to rainfall 
info; 48% access 
drought info; 33% 
access storm info 

choice of planting 
dates (37%) and 
choice of crop 
varieties (37%) 
were most 
common 

rainfall 
forecasts; 
drought info; 
storm 
warnings 

farmers  300 surveys Mudombi & 
Nhamo 2014 

Malawi 

27% of farmers 
access to climate 
info 

access to climate 
info positively 
correlated to 
climate change 
adaptation  

seasonal and 
long-term info 

farmers Survey, 1786 
farmers, 3 
districts 

Mulwa et al. 
2017 
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 Access Estimates Use Estimates Information 
Type 

Target 
Population 

Data 
Collection, 
Sample Size 

Reference 

> 80% of farmers 
access to 2-3 day 
forecasts, onset of 
rains, extreme 
events; slightly less 
access to disease 
info  

69% report using 
onset info on 
onset; 49% on 
seasonal forecast; 
48% on extremes; 
38% on weather; 
34% on 
pests/disease 
forecasts 

onset, SCF, 
weather, 
extremes, 
pests  

farmers 320 surveys, 20 
villages (12 exp, 
8 cont); 46 
interviews  

Coulibaly et 
al. 2015 

Central Africa 

Central 
African 
Republic 

only 2% of farmers 
report access to 
scientific climate or 
meteorological 
information; 98% 
rely on traditional 
weather and climate 
indicators 

 

- 

 

weather, 
seasonal  

farmers  315 surveys Ngana et al. 
2013 
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