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This study evaluates the contribution of climate information services
(CIS) to agriculture and food production, and rural household incomes
in selected Climate Change Adaptation in Africa projects in Eastern
and Southern Africa region. It establishes the resilience of projects after
completion; factors influencing the sustainable use of CIS in the project
area and beyond; and the benefits of institutionalization of climate
information services through organized groups and extension services.
Existing project documents were reviewed; questionnaires and
interviews conducted with farmers, field project officers and key
informants to achieve the study objectives. The results showed that
institutionalization of climate information services through organized
groups such as farmer groups and extension services enhance climate
resilient agriculture. Access, consistency, reliability and relevance of
the climate information to farmers‟ needs were fundamental in
integration of climate information into household decision making.
Thus translation and communication of the seasonal forecasts in local
languages empowers farmers to make informed farm management
decisions. Use of CIS increases agricultural yields by between 5% to
more than 75% and gender, age, education levels and household sizes
influence the use of CIS in farm decisions. Therefore, investment in
adult literacy and women involvement are key to use of CIS for
increased productivity in Africa.
Copy Right, IJAR, 2018,. All rights reserved.

……………………………………………………………………………………………………....
Introduction:Climate variability and change pose significant challenges not only to Sub-Saharan Africa but to societies
worldwide.The impacts of climate change and variability on agriculture are large particularly in sub-Sahara Africa
where rainfall is the main source of water for farming (Forch et al., 2011; Kristjanson et al., 2012). The Kenyan
Government recognizes that arid and semi-arid areas are the most vulnerable to climate-related risks with huge
impacts on livestock and smallholder farming, which are the dominant sources of livelihoods in these areas (Jarvis et
al., 2011). The potential impacts of changes in climate and climate variability on these mixed systems are not that
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well understood, particularly as regards to how the food security of vulnerable households may be affected
(Kristjanson et al., 2012; Thornton and Herrero, 2014).
Studies have indicated that fluctuations and variations in climate, particularly rainfall and temperature, adversely
affect the physical, biological and socio-economic systems leading to household exposure to risks, disasters and
calamities (Tasokwa, 2011; IPCC, 2013; Amwata, 2013). Extreme climate events (IPCC, 2013; Omondi et al., 2013)
such as floods and drought continue to increase vulnerability of rural livelihoods to food risks. One of the
contributing factors is inadequate knowledge and information on role of climate on livelihoods (Wood et al., 2010;
Ericksen et al., 2011; Rosenzweig and Udry, 2013). Studies have shown that CIS have great potentials in increasing
resilience in agriculture and reducing the vulnerability of households through proactiveness and to maximisation of
opportunities through planning of the type of crops and livestock species that are resilience to weather extreme
events (Ziervogel and Downing, 2004; Jarvis et al., 2011). According to Wood et al. (2013), access to weather
information, assets, and participation in social institutions have aided households in making informed farming
decisions, thus enhancing agricultural productivity and food security across the SSA countries.
Studies show that households face considerable challenges in adapting to climate change (Bryana et al., 2013;
Below et al., 2012; Panda et al., 2013). While many households have made remarkable adjustments to their farming
practices in response to climate variability and change such as changing planting decisions, few households are able
to make more costly investments, for example in agroforestry and or irrigation (Bryana et al., 2013). One of the
challenges that smallholder farmers in sub Saharan Africa face is the growing risk from increasingly variable rainfall
in terms of start and end of season; and amount and distribution of rainfall within growing seasons (Camberlin and
Okoola 2003; Wood et al., 2010; Pohl and Camberlin 2014).
Research on climate effects on agriculture using statistical methods (Gourdji et al., 2013; Lobell et al., 2011a, b) has
provided insight into impacts, but has been unable to address household-level adaptations since these changes were
implicit in aggregated data. Some studies have identified long and or short-run adaptation measures among farmers
(Schlenker and Roberts, 2009; Guiteras, 2009; Schlenker and Lobell, 2010), but have been unable to discuss the role
of CIS in informing specific adaptation strategies for enhancing agricultural production. Research at the community
and household levels has provided insight into particular adaptation strategies and impacts (Below et al., 2012;
Vermeulen et al., 2011), but it remains unclear to what extent these strategies and impacts are generalizable.
Seasonal forecasts remains one of the „low hanging fruits‟ that remains underutilised yet it offers and enormous
potential for improving agricultural production, food security and livelihoods particularly in areas where changes in
precipitation and intensification of extreme weather events are a routine (Martin et al., 2000; Murphy et al., 2001;
Ziervogel and Downing, 2004). Skills in climate forecasting allow for the prediction of future anticipated climaterelated events, thus offering considerable opportunities to the managers of agricultural systems and farmers and
livestock keepers to realise the systems‟ potential through increased productivity and profitability, reduced risks, and
better policies for improved food security (Rosenzweig and Udry, 2013; Amwata, 2013). One of the likely
explanations why seasonal forecasts have not been fully tapped is attributed to a limited understanding of
probabilistic information, difficulty in communicating risk and probability especially to rural farmers (Ziervogel,
2004). These have further been exacerbated by poor packaging of the information without due consideration of the
needs and priorities of end-users under different climate regimes and agroecological zones. Other factors include
illiteracy (Tarhule and Lamb, 2003), inter-village complexity, lack of communication infrastructure (Ziervogel et al.,
2005; Mokssit, 2007; Wood et al., 2013), misunderstanding of forecast information (Roncoli et al., 2003; WMO,
2007; Mokssit, 2007). Limited trust in source and inadequate resources to sustain the programmes (Roncoli et al.,
2000), geographic isolation (Tarakidzwa, 2007) have further undermined the role of SCF in several sectors of
development, in particular agriculture. Overcoming some of these barriers can help to improve aggregate decisionmaking and, in turn, minimise poverty and aid in sustianbale development. Accurate information therefore assists
farmers in deciding which agricultural technologies and adaptation mechanisms may be most useful in responding to
weather variability and climate change (Hansen et al., 2007; Ziervogel and Ericksen, 2010).
Some studies have documented the economic benefits of SCF (Ziervogel and Calder, 2003; Ziervogel, 2004).
However, very few studies in Africa have estimated their money worth. For instance, in Kenya, Christian Aid
reported that SCF had improved the yields of farmers by more than 15% (Ewbank, 2012). In Queensland the
reported benefits of
SFC and climate risk assessment to grazing industries from 1991/92 to 2002/03 was
estimated at the range of $600M-1200M (Collins, 2002). Similarly, in the United States of America, by
incorporating National Oceanic and Atmospheric Administration‟s (NOAA‟s) El Niño Southern Oscillation (ENSO)
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forecasts into planting decisions, farmers in the US were able to increase agricultural outputs and produce benefits to
US economy of up to USD 300 million/year depending on accuracy of the forecasts (Rodney, ND).
This study therefore evaluates the contribution of the CCAA/IDRC weather and climate agro-advisories projects in
supporting livelihoods, improved farmers, crop and livestock planning and output in some selected sites in Kenya,
Tanzania and Zimbabwe. It further assessed the continued use of the climate advisories in meeting land-use planning
objectives in the most effective way, and the probability of the longer term maintenance of sustainable results. The
study further attempted to understand factors that motivate sustained production and dissemination of weather and
climate information, establish the opportunities and challenges for actors on climate information value chain in order
to provide guidance on how to increase acceptance and use of climate seasonal advisories.

Methodology:Pre-reconnaissance survey:A pre-reconnaissance survey visit was arranged within the study area with selected government officials, project
management team and Field Farmers Training Centres (FFTCs) officials of each site. This was to conduct an
inception meeting to introduce: the project objectives and the benefits to various stakeholders, meet the survey team
and the project group members and to seek permission to be able to interview farmers in each of the communities;
and also meet agricultural and other officials involved directly with the community (e.g. extension officers) in the
various project areas.
A total of 109 respondents were interviewed, 45 males and 64 females in all the study sites. These respondents were
small-holder farming communities in five selected districts in eastern and southern Africa who had previous training
experience in the use of seasonal climate forecast in agricultural practices through FFTCs.
Most farmers who are members of the FFTCs were interviewed since they were part of the CCAA projects. All the
respondents interviewed had access to CIS. A majority (79%) of the respondents were using a mix of conventional
and indigenous knowledge CIS while the remaining 21% of the respondents used singly indigenous knowledge CIS
to plan their farming practices. However, none of the respondents interviewed reported to use conventional
knowledge as a single method.
Of the respondents interviewed, all were users of SCFs in planning their farming practices. As a result of several
trainings by the Meteorological Services, all the farmers were familiar with the way SCFs products are disseminated
(e.g. „the probability of above-, near- and below- normal rainfall in the next 3 months‟) in their regions. The
farmers‟ background, social and economic conditions, the process of decision-making among others were recorded
for the analysis. The project management staff and government officials who were directly involved in these projects
were also interviewed to double check or authenticate views expressed by the Farmer Focus Group Discussions
(FFGDs).
Data:This study used both quantitative and qualitative designed questionnaire in order to understand how participants
viewed and used CIS for their agriculture based planning. Participatory Rural Appraisal (PRA) were conducted with
the farmers, stakeholders and key informants. Nine Farmers‟ Field Schools in five IDRC projects sites were selected
(Figure 1) for this study. This was because the activities in these projects were focused on institutionalizing weather
and climate information services through farmer groups and extension workers to enhance climate resilient
agriculture among smallholders. They also represent areas with high degree of economic vulnerability to climate,
together with a range of social, political, and climatic contexts. Three areas are located within Kitui County in
eastern Kenya, one in Vihiga County in Western Kenya, two sites in Kisumu County, Same District in Tanzania and
two sites in Lupane District in South Western Zimbabwe. Another criteria considered in the selection of these
project sites was based on activities focusing on knowledge and applications of SCFs by small-holder farmers and
extension officers in farm management decision making. The survey was carried out in two phases in this research
study i.e. the pre-survey conducted through project leaders and the actual survey with government officials, project
management teams and farmers from the FFTCs.
Figure 1;Descriptive statistics such as graphs, charts and tables were used to summarize the data. In addition, frequencies,
percentages, means and associations between farmer responses and demographic data were also derived using
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Statistical Package for Social Science (SPSS). The information gathered from the pre-survey, guided a detailed
questionnaire that was designed for phase 2 of the survey.
Phase 2 was dedicated to actual data collection for the study from the smallholder farming communities within the
respective study sites. The data was obtained using two different approaches. First was administration of household
questionnaires in the nine different project sites. The second approach an inclusive Focused Groups Discussion
(FGD), taking into consideration gender and age groups. The FGD process was made possible with the help of
respective chairpersons of the FFTCs and the Agriculture Extension Officers. A set of interview questions were
asked to guide the group discussions and the respondents (Archer (2000). Other than the characteristics of the
respondents, the questionnaire administered inquired on the process of decision-making commonly practised in the
field, dissemination, adoption, capacity and habit on climate forecast related to farming activities. The questionnaire
was administered through face-to-face interview (Nazir, 1988) with the farmers in the field. By using face-to-face
interviews, the aim was to minimise the possible misunderstanding by the respondents of any ambiguous questions.
Table 1:-Distribution of respondents in based on the project sites
County/District Farmers Group
No of Male respondents
Kitui

Kisumu
Vihiga
Same
Lupane

Kyeni
Kaveta
Unikoo
Nyahera
Reru
Nganyi
Mwembe
Menyezwa
Damka

Total
Table 2:-Household demographics and the use of CIS
Household
Categories/ groups
demographic
characteristics
Family sizes
1
(person/s)
2–3
4–6
7–9
Total
Age (years)
≤ 30
31–40
41–50
51–60
≥60
Total
Level of education None formal schooling
Primary
Junior High School
Senior High School
College/University
Total
Gender of the Male
household head
Female
Total

4
5
7
10
2
8
4
2
3
45

No. of female
respondents
8
6
2
7
7
13
12
5
4
64

Climate Information services
Conventional
& Indigenous
Indigenous (%)
(%)
0
3
14
15
36
3
7
0
79
21
10
0
24
4
36
5
9
8
0
3
79
21
18
9
43
10
8
1
8
0
3
0
79
21
28
13
51
8
79
21

Table 3:-Agricultural productivity (90kg bag/acre) in relation use of CIS (%)
Agricultural productivity/acre
Respondents‟ use of CIS (%)

No of
Respondents
12
11
9
17
9
21
16
7
7
109

Total %)

3
51
39
7
100
10
28
41
17
3
100
27
53
9
8
3
100
41
59
100
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Less than 5 bags
>5 to≤10 bags
10 to ≤ 15 bags
≥15 bags
Total
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Conventional & Indigenous
17
43
8
10
79

Indigenous
10
10
1
0
21

Total
27
53
9
10
100

Table 4:-Farmer‟s response to adaptation to below and above normal rainfall as established by the Nganyi farming
communities in Western Kenya
Adaptation option by farmers on different rainfall levels
Predictions for below normal rainfall
Predictions for above normal rainfall
i. Plant drought resistant crops
i.
Grow more vegetables besides other food
crops
ii. Sow less maize but more millet and sorghum
ii.
Plant earlier
iii. Reduce density of field crops
iii.
Increase crop densities
iv. Dig furrows next to fields to stop wilting
iv.
Increase sharecropping: where one party
supplies the land and the other the inputs
v. Collect water and pour over plants
v.
Plant different crops to my neighbour so that
there is a market to all
vi. Plant cassava since they survive harsh conditions
vi.
Be aware of diseases and pests for crop
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Results and Discussion:Valuable information was obtained during both questionnaire administration and PRA process, especially on use of
seasonal climate forecast, the dissemination of the forecasting information previously (during project phase) and
currently (2 years after the project) conditions. To simplify the naming of the research areas, the names of FFTCs
were used and the number of respondents from each project sites as shown in (Table 1). In total, 109 respondents
were interviewed across the five sites, of which 59% were female while the remaining 41% were male.
Table 1
Table 2 shows the distribution of respondents based on household demographic characteristics (family size, gender,
level of education and age) and use of CIS. The results show that greater percentage (86%) of the females was using
CIS compared to 69% of the males. On the same note, more males (13%) were using indigenous CIS than the
females (8%). The reverse was true and more females (51%) were using a combination of conventional and
indigenous CIS as compared to 21% in males.
Table 2
In terms of the level of education and use of CIS, most respondents (about 80%) had a maximum of elementary
education with only 20% attaining junior school and above levels of education. This implies that the educational
levels of respondents were still relatively low. In terms of education levels and use of CIS, the highly educated with
senior high school and above levels of education were unlikely to use indigenous CIS as a single method while the
majority who used indigenous CIS a single method had lower levels of education ranging between no formal
education and Junior High School. The likely explanation is that with more education, the more the ability to adopt
the mix of conventional and indigenous CIS. This finding supports Rogers (1983) and Mutavi et al. (2006) who
noted that higher literacy levels influence the ability of people in the adoption of innovation processes. However,
they noted that the challenge was how to take advantage of those farmers with high education to influence those who
had low levels of education to adopt new innovations. Similarly, designing an extension program based on climate
forecast that could be understood and used by most farmers was cited as one of the major setbacks.
Age showed some relations with use of CIS. From Table 2 respondents who were less than 30 years were unlikely
to use indigenous CIS and a reverse was noted among those aged more than 60 years who preferred indigenous CIS.
The likely explanation is that those who are young are educated and more dynamic to embrace new innovations
including a mix of conventional and indigenous CIS compared to older counterparts, who majority still use the
indigenous CIS. In support, Asambu (1993) found that young were more willing adopt new agricultural innovations.
The relation between household size and use of CIS showed that most respondents had a family size of between two
and six persons. About 50% of respondents had two to three members, while about 40% had 4 - 6 members; only
8% had more than seven members. In terms of use of CIS, households with one member relied wholly on indigenous
CIS, while large households with more than seven members never used indigenous CIS.
Accuracy of weather forecasts:Seasonal forecast accuracy in this context refers to the percentage of time that the predicted and actual rainfall is in
agreement (Ziervogel et al., 2004). On the farmers‟ perception about forecast accuracy, about 35% said that the
forecast is always correct, while another about 27% said that the forecasts are sometimes correct. It was noteworthy
that 25% had no answer to this question (Figure 2). The results show that the level of forecast accuracy determines
the level of trust and that there is a threshold of below which trust will be lost significantly.
Figure 2
When the farmers were asked about the possibility of transfer of technology, especially on weather forecast in
agriculture, 80% welcomed the idea and were willing to adopt the innovations if it would improve agricultural yields
by at least 20%. About 18% said that they would blend it with traditional ways while 3% preferred traditional
weather forecasting to be good enough.
Influence of CIS to agricultural yield:There are several factors that influence farmers in using CIS in farm activities. When farmers were asked how they
attributed their agricultural performance on the decisions they took on use of CIS, the majority 88% noted an
increase of yield with use of CIS. About 53% of the respondent reported an increase in yield of above 20%; 23%
reported an increase of 10-20%; while only 12% of the respondents reported a no change or a reduction in yield.
Farmers from Kieni in Kitui, for instance, felt that without using seasonal forecast, they would harvest 8 instead of
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17 bags (90kg) of maize per acre. (Figure3). In terms of agricultural yield and CIS, respondents obtaining ≥15
bags/ acre of maize were using both conventional and indigenous CIS. However, 37% of those who received less
than 5 bags/ acre of maize were using only indigenous knowledge compared to 63% of those using both (Table 3).
Figure 3
The interview with farmers, project management and government officers responsible for these projects showed that
neighbouring farmers who were not using good adoption of seasonal forecasts and related agronomic practises had
poor yields and majority resorted for advice from the FFTCs.
It should be noted that other factors such as soil fertility, crop varieties, and farm inputs among others were not
taken into consideration in this survey. They were taken to remain constant while considering the yields increase.
Decision-making process on-farm;Decision-making process on-farm is another aspect that influences the use of climate forecast in agriculture
processes. This aspect is also important when dealing with the process of adoption of innovation (Rogers, 1983). In
dealing with weather or climate forecast, there are several factors affecting farmers in making decisions. For
instance, if drought/enhanced rainfall occurs, what decision will the farmers make?
Farmers were asked what they would do in their farms (in relation to crop variety) if below normal rainfall
information was disseminated. Most farmers (71%) said that they would plant fast maturing crops with different
cropping patterns while about 16% would replace the crop with other crops that need less water; 11% said they
would reduce the planting areas and only 2% would plant normal crops (Figure 4). These answers indicate that
some farmers still adopt traditional methods of forecasting without modern knowledge of how to maintain the level
of production, especially in drought years.
Some of the factors that have influenced farmers‟ decision include sustained use of climate information, full
involvement and participation in use of weather advisories in planning of agricultural activities. Enhanced training,
sharing of knowledge and information among stakeholders through meetings, workshops, and conferences
facilitated the flow of climate advisories from meteorological services to extension officers and eventually to the
farmers hence the decision taken. Embrace of farmers‟ traditional forecast practices, providing space to share the
different types of knowledge increased everyone‟s ability to make informed choices and good decisions. This was
noted to motivate most farmers to own the idea behind use of seasonal forecast. As a matter of fact, accurate and
useful forecasts are produced where traditional and conventional forecasts are blended.
Figure 4
The type of decisions that farmers opted to undertake in response to the forecast were mostly short-term tactical
decisions such as sowing of a particular maize variety and planting earlier, rather than long-term strategic decisions.
These decisions are part of agricultural risk management strategy. The focus on short-term decisions is expected
when using new information. When these decisions seem to be appropriate way of responding to the forecast, then
more long-term decisions can be made in response to the forecast, depending on the risk preference of the decision
maker (Carberry et al., 2000). The decisions chosen for use in the model, in response to the forecast, are the
adjustment of cropping densities and the ratio of maize to sorghum planted. These decisions are generally available
to a wide range of farmers, including those with few resources.
Table 4
Table4 shows examples of adaptation options used by farmers to adapt to below and above normal rainfall forecast.
The options show that abundant resources are not required for all responses. Some responses were more prevalent
than others and some more appropriate for a wide range of users. Options such as changing cropping densities can
be pursued by all households and many can change crop type by bartering with their neighbours, as is a common
practice. Changing to drought tolerant varieties might only be an option for households who can afford to buy new
seed variety, unlike most households that keep their seed from the harvest to plant the following year.
Knowledge about weather forecasts:Knowledge about weather forecast methods is another factor that influences farmers‟ use of climate information in
agricultural activities. This factor is related to the idea of sharing information and using modern techniques of
forecasting weather for the purpose of agricultural activities.
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Figure 5 gives the summary of farmers‟ response when their knowledge on how seasonal forecast is prepared and
disseminated. Based on this outcome, it was noted that farmers, to some extent, have adequate knowledge on
seasonal forecasts methodology. According to the survey, more than 65% of farmers had knowledge; about 33% of
the respondents had no idea on how seasonal forecasts were prepared while 2% did not respond to the question.
Figure 5
This high number, bearing in mind their educational level, could be attributed to several trainings and drills they
underwent during the CCAA/IDRC project phase. This study, therefore, showed that sustained effective use of
accurate seasonal forecasts with appropriate agriculture related weather advisories results into increased food
production among the smallholder farmers studied. Use of seasonal forecast has been one of the major concerns to
all the farming communities studied. The majority of the farmers indicated that climate forecast information should
be disseminated at least one month before the beginning of the season, either through the local vernacular FM radio
stations or directly to their cell phones as Short Message Services (SMSs). The majority of the smallholder farmers
in the nine villages surveyed had no Internet facilities to download climate forecast information yet this is the most
timely and cost effective way to disseminate climate information.
The effectiveness of seasonal forecasts as a supportive decision-making tool for smallholder farmers remains subject
to debate given the fact that deterministic forecasts are still not available for farmers several months in advance as
ideally required. The research should therefore respond to needs expressed by farmers related to forecasts generated
with the current tools (Huda and Packham, 2004; GFCS, 2009). The challenge becomes how to ensure the
concomitant development of appropriate products, with dissemination strategies that highlight the nature of the
given information, as well as taking advantage of and /or establishing effective distribution channels. Indeed,
efficient dissemination of seasonal forecasts requires in-depth understanding of the networks of stakeholders
concerned with the transmission of information to end-users (Ziervogel and Downing, 2004) while adoption requires
both repeated exposure to products generated by seasonal forecasts and feedback mechanisms to inform the
development of appropriate products to cater for the needs expressed by users (Ziervogel, 2004).
Key findings of the study:Survey conducted two years after the expiry of the projects showed that CIS has enabled farmers to improve on
agriculture activities in the following areas
1. Planning of agricultural activities especially land preparation, planting dates, animals to be kept and harvesting
time.
2. Improvement in agriculture production record keeping
3. Increased understating of climate and environmental factors/issues
4. Improvement in agronomic practices
5. Good adoption of use of climate forecasts
6. Improvement in yields in most places due to seasonal forecast adoption

Conclusion and recommendations:This study has explored the extent to which the completed CCAA/IDRC supported projects had remained climate
resilient, two years after completion and also establish the factors responsible for the observed climate resilient or
under performance of the projects.
Based on this study, it is concluded that institutionalizing climate services through farmer groups and extension
workers contributes to and sustains climate resilient agriculture among the small-holder farmers studied. Thus
translation and communication of the seasonal forecast in easily understandable language, that give farmers the
capacity to make informed farm management decisions, is a critical factor in efficient flow and uptake of climate
information.
Some of the factors that have contributed to the sustained use of climate information are the community ownership
of the activities, full involvement and participation in these projects. This was manifested in continuous taking of
readings and keeping of the rainfall records before sending to their respective meteorological services. Increased
understating of climate and environmental factors/issues influencing crop production, improved agronomic
practices, good adoption and use of climate forecasts has also resulted in the improvement of yields and thus
resiliency. It shows that farmers still use and have improved in planning of agricultural activities using weather
forecasts.
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It is, therefore, suggested that more in-depth information and longer data of analysis is important to concretely come
up with clear study on use of seasonal forecast for yields improvement. More studies need to be conducted, as well
as in-depth survey to extend the results of such study and to get farmers well informed about such technology that is
appropriate in order for them to increase their productivity.
The forecast products require refinement with users needs prioritized while strengthening extension services for
timely and effective dissemination. If national level forecast dissemination strategies are prioritized, the blanket
targeting of rural groups will address user needs. Further investigation into the impact of the forecast on community
members who are not members of the FFTCs at the village level is encouraged before dissemination is actively
pursued without appreciating potential impacts.

Acknowledgement:Special thanks to International Research Development Centre for supporting this study. Also, we are grateful to
local communities in Kenya, Zimbabwe and Tanzania where the project was implemented for their time and
enthusiasm in providing information for this study. Lastly, we sincerely thank the district agricultural officers,
meteorological officers, country project coordinators, without your facilitation and coordination this study would not
have been accomplished.

References:1.
2.
3.

4.

5.
6.

7.
8.

9.
10.
11.

12.
13.

14.

Amwata, D. A. (2013): Influence of climate variability and change on land-use and livelihoods in the southern
rangelands of Kenya. PhD Thesis, University of Nairobi, Kenya
Archer, E. (2000): Again the machine has failed us: environment-development narratives and women smallscale farmers in Venda, South Africa.
Below, T., Mutabazi, K., Kirschke, D., Franke, C., Sieber, S., Siebert, R., Tscherning, K., (2012): Can farmers‟
adaptation to climate change be explained by socio- economic household-level variables? Global Environ.
Change 22, 223–235.
Bryana, E. R., Okobab, B., Roncolic, C., Silvestrid, S., Herrerod, M. (2013): Adapting agriculture to climate
change in Kenya: Household strategies and determinants, Journal of Environmental Management Volume 114,
15 January 2013, Pages 26–35.
Camberlin, P and Okoola, R. E. (2003): The onset and cessation of the "Long Rains"in Eastern Africa and their
interannual variability. Theoretical and Applied Climatology June 2003, Volume 75, Issue 1-2, pp 43-54
Carberry, P., Hammer, G.L., Meinke, H., Bange, M. (2000): The potential value of seasonal climate forecasting
in managing cropping systems. In: Hammer, G., Nicholls, N., Mitchell, C. (Eds.), Applications of Seasonal
Climate Forecasting in Agricultural and Natural Ecosystems – The Australian Experience. Kluwer Academic
Publishers, Dordrecht.
Chambers, R. (1992): “Relaxed and participatory rural appraisal: Notes on practical approaches and methods”
in Participatory Rural Appraisal Workshop recommended reading. Pietermaritzburg: Midnat, April, 1993.
Chipindu, B. (ND): The Means of Achieving Better Recognition of the Value And Benefits of Climate
Forecasts
and
Agrometeorological
Information
Disseminated
to
Users.
http://www.wamis.org/agm/pubs/agm7/Chipindu.pdf. downloaded 12 January 2014.
Colins, J.P. (2002): The value and benefits of using seasonal climate forecasts in making business decisions:
Department of Primary Industries, Queensland, USA.
Eakin, H. (1999): Seasonal climate forecasting and the relevance of local knowledge. Physical Georgraphy, 20,
447-460.
Ericksen, P., Thornton, P.K., Notenbaert, A.M., Cramer, L., Jones, P., Herrero, M. (2011): Mapping hotspots of
climate change and food insecurity in the global tropics. CCAFS Report no. 5 CGIAR Research Program on
Climate Change, Agriculture, and Food Security (CCAFS), Copenhagen, Denmark.
Ewbank, R. (2012): Climate Science protecting those most at risk. Blog for CDKN. Available at www.cdkn.org
Förch, W., Kristjanson, P., Thornton, P., Kiplimo, J. (2011): Initial Sites in the CCAFS Regions: Eastern Africa,
West Africa and Indo-Gangetic Plains, Version 2. CGIAR Research Program on Climate Change, Agriculture
and Food Security (CCAFS), Copenhagen, Denmark.
Gadgil, S., Rao, P. R. S., and Rao, K. N. (2002): Use of climate information for farm-level decision-making:
rainfed
groundnut
farming
in
southern
India.
Agricultural
Systems,
74,
431-457.
http://dx.doi.org/10.1016/S0308-521X(02)00049-5

ISSN: 2320-5407

Int. J. Adv. Res. 6(5), XX-XX

15. GFCS (2009): Global Framework for Climate Services World Climate Conference-3, GFCS/C.27/Inf.10,
Geneva, Switzerland.
16. Gourdji, S.M., Mathews, K.L., Reynolds, M., Crossa, J., Lobell, D.B., (2013): An assessment of wheat yield
sensitivity and breeding gains in hot environments. Philos. Trans. R. Soc. B 280, 20122190.
17. Guiteras, R. (2009): The Impact of Climate Change on Indian Agriculture. Department of Economics,
University of Maryland, College Park, MD.
18. Hansen, J.W., Baethgen, W., Osgood, D., Ceccato, P., Ngugi, R.K. (2007): Innovations in climate risk
management: protecting and building rural livelihoods in a variable and changing climate. J. Semi-Arid Trop.
Agric. Res. 4, 1–38.
19. Huda, A.K.S. (1994): Management Strategies to Minimise Climatic Risk to Wheat Production in Low Rainfall
Areas of Southern Australia. Agricultural and Forest Meteorology 69, 125–147.
20. Huda, A.K.S. and Packham, R.G. (2000): Participative Decision Making with Farmers: Capturing the Benefits
of Seasonal Climate Forecasts in Agricultural Management, 13–14 April 2000. University of Western Sydney,
Hawkesbury campus (mimeograph resource book).
21. Huda, A.K.S. and Packham, R.G. (2004): Using seasonal climate forecasting in agriculture: a participatory
decision-making approach. ACIAR Technical Reports No. 59, 52p.decision-making approach.
22. IPCC (2012): Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A
Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change [Field, C.B., V.
Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen,
M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA,
582 pp.
23. Konold, C. (1989): Informal conceptions of probability. Cognition and Instruction 6(1): 59–98.
24. Jarvis, A., Lau, C., Cook, S.,Wollenberg, E., Hansen, J., Bonilla, O., and Challinor, A. J. (2011): An integrated
adaptation and mitigation framework for developing agricultural research: Synergies and trade-offs.
Experimental Agriculture, 47(2), 185–203.
25. Kristjanson, P., Neufeldt, H., Gassner, A., Mango, J., Kyazze, F.B., Desta, S., Sayula, G., Thiede, B., Förch,
W., Thornton, P.K., Coe, R. (2012): Are food insecure smallholder households making changes in their farming
practices? Evidence from East Africa.
26. Letson, D., Llovet, I., Podestá, G. P., Royce, F., Brescia, V., Lema, D., and Parellada, G., (2001): User
perspectives of climate forecasts: crop producers in Pergamino, Argentina. Climate Research, 19, 57-67.
http://dx.doi.org/10.3354/cr019057
27. Lobell, D.B., Banziger, M., Magorokosho, C., Vivek, B. (2011a): Nonlinear heat effects on African maize as
evidenced by historical yield trials. Nat. Clim. Change 1, 42– 45.
28. Lobell, D.B., Schlenker, W., Costa-Roberts, J. (2011b): Climate trends and global crop production since 1980.
Science 333, 616–620.
29. Martin, R. V., Washington R. and Downing T. E. (2000): Seasonal maize forecasting for South Africa and
Zimbabwe derived from an agroclimatological model Journal of Applied Meteorology 39 1473–9
30. Mokssit, A. (2007): End-user liaison: Role of interfacing mechanisms climate change issues for northern Africa
and Mediterranean region presented at WMO Climate Information and Prediction Services RA I Training
Workshop, Tunis 8 November 2007.
31. Murphy, S., Washington, R., Downing, T. E., Martin, R. V., Ziervogel, G., Preston, P., Todd, M., Butterfield,
R., and Briden, J. (2001): Seasonal forecasting for climate hazards: prospects and responses Natural Hazards,
23, 171–96
32. Mutavi, S.K, Kanui, T.I, Njarui, D. M, Musimba, N.R, , Amwata, D. A. (2016): Innovativeness and
Adaptations: The Way forward for Small scale Peri-Urban Dairy Farmers in Semi-Arid Regions of South
Eastern Kenya. International Journal of Scientific Research and Innovative Technology, 3 (5), 2313-3759.
33. Nazir, M. (1988): Research Methods. Ghalia, Jakarta, Indonesia.
34. Nicholls, N. (1999): Cognitive Illusions, Heuristics, and Climate Prediction, Bulletin of the American
Meteorological Society, 80. 1385–1397.
35. Omondi, P. A., Awange J. L., Forootan E., Ogallo L., Barakiza R., Girmaw G. B., Fesseha I., Kululetera V.,
Kilembe C., Mbati M. M., Kilavi M., King‟uyu S. M., Omeny P. A., Njogu A., Badr E. M., Musa T. A.,
Muchiri P., Bamanya D., Komutunga E. (2013): Changes in temperature and precipitation extremes over the
Greater Horn of Africa region from 1961 to 2010, Int. J. Climatol. (2013) DOI: 10.1002/joc.3763
36. Panda, A., Sharma, U., Ninan, K., Patt, A. (2013): Adaptive capacity contributing to improved agricultural
productivity at the household level: empirical findings highlighting the importance of crop insurance. Global
Environ. Change, 782– 790.

ISSN: 2320-5407

Int. J. Adv. Res. 6(5), XX-XX

37. Phillips, J. G., Makaudze, E., and Unganai, L. (2001): Current and potential use of climate forecasts for
resource-poor farmers in Zimbabwe. In C. Rosenzweig (Ed.), Impacts of El Nino and climate variability in
agriculture (pp. 87-100). American Society of Agronomy Special Publication no. 63, Madison, Wisconsin.
http://dx.doi.org/10.1038/89416
38. Pollock, K.S., Meinke, H. and Stone, R.C. (2001): The influence of climate variability on cropping systems in
Central Queensland. Australian Agronomy Conference, Hobart, Australia.
39. Pohl, B. and Camberlin, P. (2014): A typology for Intraseasonal Oscillations. International Journal of
Climatology, 34, 430-445. doi:10.1002/joc.3696
40. Pratt, G. (2002): Practitioners Critical Reflections on PRA and Participation in Nepal. Institute of Development
Studies: Pathways to Participation.
41. Rodney,
F.
Weiher,
F.R.
(ND):
Forecasting:
The
Potential
Economic
Benefits
http://www.publicaffairs.noaa.gov/worldsummit/pdfs/improving.pdf.
42. Rogers, Everett M. (1983): Diffusion of Innovation. The Free Press, New York.
43. Roncoli, M. C., Ingram K. T., Jost C. C., Kirschen P. H. and Yaka P., 2003. Farmers‟ behavioral responses to
seasonal rainfall forecasts in the Sahel-Sudan presented at 17th Symposium of the International Farming
Systems Association, Orlando, Florida, November 17th -20th 2003.
44. Roncoli, M. C., Kirshen, P.. Ingram, K and Flitcroft. I. (2000): Opportunities and constraints to using seasonal
precipitation forecasting to improve agricultural production systems and livelihood security in the Sahel-Sudan
region: a case study of Burkina Faso, CFAR - Phase 1. IRI Forum on Climate Predictions, Agriculture and
Development, New York.
45. Rosenzweig, M., Udry, C.R. (2013). Forecasting Probability. National Bureau of Economic Research NBER
Working Paper No. 19334.
46. Sayuti, R.H. (1992). The Role of Non-Governmental Organizations in Agriculture Development on Lombok
Island, Indonesia (Masters Thesis), The Ohio State University. Columbus, Ohio, Amerika Serikat.
47. Sayuti, R.H. (1995). Status Attainment, Human Capital and Religiosity in Indonesia: A Case Study of West
Nusa Tenggara. Unpublished Ph.D. dissertation, The Ohio State University, AS.
48. Schlenker, W., Roberts, M. J. (2009). Nonlinear temperature effects indicate severe damages to US crop yields
under climate change. Proc. Natl. Acad. Sci. U.S.A. 106, 15594–15598.
49. Schlenker, W., Lobell, D.B. (2010). Robust negative impacts of climate change on African agriculture. Environ.
Res. Lett. 5, 014010.
50. Tarakidzwa, I. (2007): Use and dissemination of seasonal climate forecasts in agricultural production in Africa
CagM Report No. 102, WMO/TD No. 1344, 29-40 World Meteorological Organization Geneva, Switzerland
51. Tarhule, A. and Lamb P. J. (2003): Climate research and seasonal forecasting for West Africans: perceptions,
dissemination, and use? Bulletin of the American Meteorological Society 84 1741-1759.
52. Tasokwa, V. M. K. (2011): The impacts of climate variability and extreme weather events on gender and
household vulnerability to food insecurity. PhD Thesis, University of Nairobi, Kenya.
53. Thornton, P.K. and Herrero, M. (2014): Climate change adaptation in mixed crop–livestock systems in
developing countries. Global Food Security.
54. Vermeulen, S.J., Campbell, B.M., Ingram, J.S.I. (2011): Climate change and food systems. Annu. Rev. Environ.
Res. 37, 120802110603008.
55. Vogel, C. (2000): Usable science: an assessment of long-term seasonal forecasts among farmers in rural areas of
South
Africa.
South
African
Geographical
Journal,
82,
107-116.
http://dx.doi.org/10.1080/03736245.2000.9713700
56. Wilbanks, T. J. and Kates, R. W. (1999): “Global change in local places: How scale matters.” Climatic Change
43(3): 601-628.
57. Wise, A., Van Crowder, L., Bernardi, M. (2001): Communicating agrometeorological information to farming
communities. Agricultural and Forest Meteorology 103: 185–196.
58. WMO (2007): WMO contributing to regional climate forecasting worldwide WCP Feature Article October
2007 World Meteorological Organization Geneva, Switzerland.
59. Wood, J. H., Mason S. j., Liqiang S., Arame T. (2010): Review of seasonal climate forecasting for agriculture in
sub-Saharan Africa. Expl Agric. 2011, volume 47 (2), pp. 205–240 Cambridge University Press 2011 doi:
10.1017/S0014479710000876
60. Wood, S. A., Amir S. J., Meha J., Kristjanson P., Ruth S. D. (2013): Smallholder farmer cropping decisions
related to climate variability across multiple regions. Global Environmental Change 25 (2014) 163–172.
doi.org/10.1016/j.gloenvcha.2013.12.011

ISSN: 2320-5407

Int. J. Adv. Res. 6(5), XX-XX

61. Ziervogel, G. and R. Calder (2003): Climate variability and rural livelihoods: Assessing the impacts of seasonal
climate forecasts in Lesotho. Geographical Journal, 35(4):403-417
62. Ziervogel, G., Downing, T. E. (2004): Stakeholder networks: Improving seasonal climate forecasts. Climatic
Change 65: 73–101, 2004.
63. Ziervogel, G. (2004): Targeting seasonal climate forecasts for integration into household level decisions: the
case of smallholder farmers in Lesotho. The Geographical Journal, Vol. 170, No. 1, March 2004, pp. 6–21.
64. Ziervogel, G., Bithell, M., Washington, R., and Downing, T. (2004): Agent-based social simulation: a method
for assessing the impact of seasonal climate forecast application among smallholder farmers. Agricultural
Systems 83 (2005) 1–26. doi:10.1016/j.agsy.2004.02.009.
65. Ziervogel, G, Bithell M, Washington R. and Downing T. (2005): Agent-based social simulation: a method for
assessing the impact of seasonal climate forecast applications among smallholder farmers Agricultural Systems
83 1-26.
66. Ziervogel, G. and Ericksen, P.J. (2010): Adapting to climate change to sustain food security. Wiley Interdiscip.
Rev. Clim. Change 1, 525–540.

