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The use of climate services (CS) for the provisioning of climate information for informed decision-making on adaptation
action has gained momentum. CS is a scientifically-based information and products that enhance users’ knowledge and
understanding about the impacts of climate on their decisions and actions.) “Climate services, involve the timely
production, translation, and delivery of useful climate data, information and knowledge for societal decision-making and
climate-smart policy and planning”.
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| 1. Types of Interventions and Climate Information Provided through CS

The types of interventions provided in the African agriculture sector through CS were thematically grouped into 11
categories (Figure 1). Most of the interventions are within the thematic group of analysis of adoption pathways (19%). The
type of interventions within this group mostly focussed on analyzing the adoption pathways for effective CS uptake in the
agriculture sector W To optimize CS adoption by relevant actors’ across scales in the African agriculture sector,
project implementers employ several strategies including socioeconomic characterization of households to identify
efficient and effective information dissemination pathways MBS while some projects used peer-to-peer and social
learning to promote and facilitate CS use awareness among potential users B2l Some projects chose an economic
pathway by analyzing households willingness to pay for CS to identify the cost-effective strategy for promoting CS’
adoption in the agriculture sector [EI2],
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Figure 1. Thematic groupings of CS according to issues of focus.

The second most common thematic groups of interventions are needs and gaps analysis (14%) and early warnings for
food security (14%). In the context of needs and gaps analysis, CS is used to specifically target the local contextual needs
of farmers/users concerning their information needs for livelihood system adaptation to climate change. In the context of
early warning, CS is used for timely and relevant information communication to users to facilitate their early preparation
for various risks including drought, wildfire, erratic rainfall, etc., to help ensure food security at household and community
levels. The third most common thematic group of intervention is the valuation of CS’ application in the agriculture sector
(10%). Interventions within this thematic group are mostly focused on the evaluation of CS’ contribution to the economic
viability of agricultural practices and CS’ contribution to agriculture productivity, e.g., crop yield. The fourth most common
thematic group of interventions are Information and Communication Technology (ICT) integration in CS (9%) and status of
CS use in Africa (9%). Interventions focusing on ICT integration mostly focused on the investigation of options for using
ICT to enhance farmers’ access to relevant climate information in a cost-effective and timely manner. These types of
studies are relatively recent but are growing exponentially in number. A positive trend was observed between the year of
project implementation and the type of intervention the projects provide. This is especially true for project interventions
focused on ICT integration in CS applications. Although this type of intervention is currently the least common,
nevertheless, most of the projects providing this type of intervention are recent, with most occurring between 2011 to
2019. This is a strong indication that this type of intervention is steadily growing and may become the dominant type of
intervention in the future. Other thematic groups of interventions that are sparingly provided through CS include: analysis
of how CS can improve crop production (5%), people’s perceptions of CS (5%), issues and challenges of climate risk



prediction (5%), gender and social differentiation in CS deployment (5%), and collation of indigenous knowledge systems

use in risk management (5%).

| 2. Types of Climate Information Provided through CS

There are three main types of climate information commonly provided through CS. These are forecasts,

agrometeorological services, and early warnings.

Forecasts use in farming operations: Several CS projects in the African agriculture sector have applied forecasts of
varying timescale in providing risk warning and risk response advisory services to farmers LULUIZ The |iterature
synthesis and mapping process identified five timescale forecasts as the most widely used forecasts in the production of
climate risk warnings and risk response advisory services: (1) Weather forecasts (daily to weekly), (2) Seasonal forecasts
(on a timescale of 1-6 months), (3) Short-term forecasts (1-5 years), (4) Intra-decadal/Medium-term forecasts (5-10
years), and (5) Decadal forecasts. The most commonly used among these forecasts are short-term, seasonal, and
weather forecasts 43114l |ntra-decadal and decadal forecasts are sparingly used in agricultural risk management, even
though they may be more useful for making a strategic decision and anticipatory adaptation plans L3IL6I17],

Table 1 presents a summary of how these forecasts are used in risk warning and risk response advisory services for
informing stakeholders in the agriculture sector. We also present additional information on how the forecasts are used in
decision making and the identified gaps based on users’ information needs and the type of information communicated to
them (81,

Table 1. Observed forecasts and their use in the agriculture sector.

Application in Decision

Forecast Typical Content Making Gaps Reference
They normally contain Demsm.n making ?n daily
. P farming operations:
Weather forecasts detailed likelihood of Timing of fertilizer and
) the occurrence of 9 o None identified [19][26]120]
(daily to weekly) . chemical applications,
climate events, e.g., - .
. L timing of fungicide
rainfall possibility L
applications.
Seasonal rainfall onset Used in making tactical
and cessation, the decisions on the
rainfall ar_nount§, rainfall schedulln.g of: When to Desired but not widely available
duration, rainfall plow the fields, when to . .. .
Seasonal Co information include optimal
distribution, and sow, when to add . L [29]21][22]
forecasts (on a L. - L sowing date, evapotranspiration,
. anticipated extreme fertilizers, when to irrigate, N . ! I [201[81[12]
timescale of 1-6 . insolation, soil water availability
weather events such as when to provide . K
months) L . (to inform the scheduling of
drought, flood, fire risk, pesticides, when to irrigation)
strong wind/wind gusts, harvest, when to sell, and 9 :
hail, frost, among choice of seed variety for
others. planting.
Mostly used in the
livestock sector for
Short-term preparedness messages Desired but not yet widely
forecasts (1-5 and education on: available information includes: [21]122]101(3]
ears) fodder availability, water Forecasts of parasite and animal [8le12]
Y resource availability, diseases
potential disease
occurrence zone.
Intra-
decadal/Medium- Sectoral decision [29]21][9]
term forecasts (5- making
10 years)
No record of the use of decadal
to medium-term projections.
Although it acknowledged that
such could inform future
[9123]

Decadal forecasts

agricultural research
investments, irrigation and water
resource management planning,
and training needs for
agricultural extension staff.

The generation of timescale forecasts that are relevant to the timeline at which decisions are made in the agriculture
sector is increasingly relying on the nature of the partnership and collaboration among the transdisciplinary actors
(climatologists, meteorologists, and agriculturalists) operating in the agriculture and climate information space. Although
this partnership has played a key role in advancing the uptake of CS in the Africa agriculture sector, there are, however,
gaps reported in the selected studies concerning differences between the type of information desired by users and the
type of information they receive via the CS.



Most of the reported gaps are associated with seasonal forecast usage. This includes several additional important pieces
of information to optimize the resilience of agricultural operations to climate change’s impact. An example is a desire for
information on crop water requirements and evapotranspiration rate, which users believe will enhance the efficiency of the
use of irrigation systems as a climate change response strategy 2420 There were also identified gaps in the literature
that are associated with the use of short-term forecasts. Many studies reported the absence of forecasts on the precise
occurrence of parasite and/or livestock disease as a result of climate change. Users believe that such information will
enable them to anticipate and adjust their management strategy to manage climate change’s impact on their livestock [23]
28], There are, however, differences in the extent to which seasonal and short-term forecasts are used across African
countries. For example, a study in Malawi reported that there is no availability of models to predict the different periods
when the rains can set in 2428 whereas this type of limitation is not an issue in many other African countries &, In
general, we did not record any gap associated with the use of intra-decadal and decadal forecasts in the agriculture
sector; this is largely because such forecasts are currently seldom used in the African agriculture sector.

Agrometeorological services: Agrometeorological services are the second most common type of climate information
provided by the CS 2291 |ncluded in this category is information provided to manage the impact of both climate change
and climate variability. This includes advisory information on the scheduling of planting operations, weeding, fertilizer
applications, etc. CS is also, in some cases, used to provide information on climate-smart agriculture practices (CSA). The
type of CSA information communicated includes conservation farming practices like ridging, minimum tillage, soil
conservation practices, etc. 28189 The use of CS to communicate agrometeorological services and CSA to farmers is
acknowledged as a valuable innovation to assist decision-making and develop farmers’ specific adaptive capacities
(10, Table 2 presents a summary of how agrometeorological services are used in farming operations and the associated
benefits. The benefits associated with agrometeorological services integration in farming operation decision-making can
be summarized by an increase in crop productivity and a decrease in cropping costs in terms of inputs and working time
[10][31]

Table 2. Commonly used agrometeorological services.

Farming

; Agro-Meteorological Services CSA Benefits References
Operation
Land Advice on weather and seasonal forecasts, Land conservation [201(32]
preparation and crop calendar practices

Land conservation
Weeding Soil moisture and weather forecasts practices to reduce [261120]
weed infestation

Avoid loss due to crop

Sowin Forecasts on onset and offset of rain seasons failure to germinate or [71126][33]
9 with sowing calendar establish because of
dry spells

Insight from forecasts on rain distribution,
average annual rainfall, and seasonal
forecasts in combination with crop calendar [8]126]
is used to advise farmers on crop type and
variety to sow

Crop variety
choice

Early warning interventions: The third type of climate information provided through CS are early warnings. Early warning
intervention provisioning is commonly used for drought, flood, and wildfire risk warnings L8II2I7I26139]  E5rly warnings are
rarely solely disseminated to users; rather, they are provided in combination with agrometeorological services [LAILAISLIE]
The early and timely delivery of early warnings is increasingly being facilitated through the integration of ICT CS
dissemination strategy.

3. Extent of Scientific and Indigenous Knowledge Systems Integration in
CSs

The entry of studies to understand the extent to which scientific and indigenous knowledge systems are integrated into CS
revealed that knowledge system integration is not yet an issue of significant emphasis in CS adoption in the African
agriculture sector. Of the reviewed studies, 72% applied only scientific knowledge systems and did not in any way
integrate indigenous knowledge system CS applications I However, 17% of the reviewed studies collated
indigenous practices of climate risk prediction and risk response strategy 42133 Although the documented indigenous
knowledge system is not included in the content of information disseminated via the CS, they are nevertheless, on rare
cases, used to fine-tune the statistical forecast of risks and risk response strategy 321351,

Nonetheless, indigenous knowledge systems are not entirely neglected in the current model of CS deployment. Eleven
percent of the reviewed literature reported the inclusion of indigenous knowledge holders in the process of a forecast’s
translation into relevant climate information for actors in the agriculture sector. The study deduces that the inclusion of
indigenous knowledge holders in the process of CS deployment is mainly for two purposes. The first is to promote the



acceptance of CS by rural farmers, because rural farmers in Africa overwhelmingly rely on indigenous knowledge systems
for their operations 28132l The second purpose is for the fine-tuning of statistical forecasts to suit the local context of
climate risk warning and risk response strategy.

Resistance to information adoption often occurs when new knowledge interplays negatively with old knowledge 281351371,
This assertion can be attributed to the challenge of meteorological forecasts’ acceptance, especially by rural farmers in
many African countries where CS is sometimes rejected in favor of the old way of farming because the new information
tends to interfere with the traditional way of farming 32, This type of resistance is very common among the elderly, who
tend to favor the traditional way of farming that is rooted in their indigenous knowledge system [B8l. However, there is a
growing trend towards the co-production of forecasts, whereby indigenous knowledge holders collaborate with
researchers and meteorologists to generate plausible forecasts for their locality 2416118l The approach currently tends to
focus on using a participatory process for consensus on plausible risk scenarios for the local community as a way of
securing the people’s trust and confidence in the disseminated information 2828 As a result, most CS’ lack information
on the indigenous system of risk prediction and risk response.

The study, therefore, infers that an actionable point of entry for indigenous knowledge system integration into CS would be
to integrate scientific risk response strategy with local sociocultural farming coping practices. Integration must occur
across all three phases of the CS value chain. This means much needs to be done to encourage integration at forecasts
production and forecast translation phase.

| 4. CS’Role in Facilitating Two-Way Learning for Robust Adaptation Action

To analyze how the adoption of CS has facilitated two-way learning (bottom-up and top-down) about climate change
mitigation and adaptation in the agriculture sector, we analyzed the selected literature for information on methods used to
facilitate a feedback relationship among actors in the value chain of CS. This is because the production and dissemination
of contextual climate information for actors in the agriculture sector relies mainly on the structure and feedback loop of the
network of relations that exists among the actors B2149],

The analysis of the selected literature indicates that the relationships among the actors in the CS value chain operate
mainly on a participatory collaborative process. This collaborative process is primarily through workshops and
participatory scenario planning meetings. The participatory collaborative process is used for the production of relevant
climate information, development of appropriate channels for information dissemination, and promotion of local ownership
in climate information production and dissemination W84 This ultimately influences learning and revisiting to ensure
the relevancy, suitability, and usability of information disseminated via the CS [28142]I43] Taple 3 provides a summary of
recorded evidence of how the participatory process approach in CS deployment facilitates two-way learning (bottom-up
and top-down).

Table 3. Evidence of participatory process influence in CS application.

Case Key Impact Reference

The participatory process is targeted at facilitating the relationship between CS
providers and local farmers to enable CS providers to understand the user’s socio- User’s context i
cultural context to provide contextual information

The participatory process was used to spur farmers group interest in CS which

i i [441[41(23]
resulted in them taking ownership and initiative of the process of CS dissemination Ownership and taking the

initiati 181
and application in farming practices in their locality initiative

The participatory process was used to improve local people understanding of and Trust and confidence in [28]
trust meteorological weather and climate forecasts meteorological forecasts

There are several recorded case studies where participatory processes have
successfully been used to improve the rate of CS application in farming practices CS usage [91118]
by local farmers

There are several recorded case studies where participatory processes have
successfully been used to provide inclusive training to users to enhance their Capacitation of users [19116]
capacity to understand and apply disseminated information via the CS

Nevertheless, the cost and difficulty of gathering all relevant stakeholders in a workshop are limiting the effectiveness of
this approach. This is evident in the reported gaps (Table 1) in the information disseminated through the CS 432l cs
providers, therefore, need to be proactive in interacting with the farmers regarding their needs for climate information and
in determining a more suitable feedback mechanism for maintaining the relevancy of CS B847, To this end, several
methods for reaching smallholder farmers have been attempted by various agencies, but a scalable solution has yet to be
found 9[22 The internet and mobile phone (SMS) are the two prominent new and innovative methods being used to
facilitate collaborations among the actors. They are, however, still in infancy and need a lot of research to improve their
efficiency. The use of the internet, for example, has been constrained by lack of facilities and, in some cases, by
unwillingness on the part of the local people to pay the internet fee for accessing CS 148l SMS, on the other hand, has
also been constrained by poor signal/reception in many regions and, in most cases, the feedback communication between



CS providers and users via SMS has been reported to be inefficient and inadequate 491, There is, therefore, a need for

further investigation for insight on appropriate modalities for facilitating impactful and sustainable reciprocated
relationships among the actors along the CS value chain via the use of SMS and the internet, particularly within the

context of African rural communities.
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