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Despite recent and mostly global efforts to promote climate services in developing

countries, Africa still faces significant limitations in its institutional infrastructure and

capacity to develop, access, and use decision-relevant climate data and information

products at multiple levels of governance. The Enhancing National Climate Services

(ENACTS) initiative, led by Columbia University’s International Research Institute for

Climate and Society (IRI), strives to overcome these challenges by co-developing

tailored, actionable, and decision-relevant climate information with and for a wide

variety of users at the local, regional, and national levels. This is accomplished through

an approach emphasizing direct engagement with the National Meteorological and

Hydrological Services (NMHS) and users of their products, and investments in both

technological and human capacities for improving the availability, access, and use of

quality climate data and information products at decision-relevant spatial and temporal

scales. In doing so, the ENACTS approach has been shown to be an effective means

of transforming decision-making surrounding vulnerabilities and risks at multiple scales,

through implementation in over a dozen countries at national level as well as at the

regional levels in both East and West Africa. Through the ENACTS approach, challenges

to availability of climate data are alleviated by combining quality-controlled station

observations with global proxies to generate spatially and temporally complete climate

datasets. Access to climate information is enhanced by developing an online mapping

service that provides a user-friendly interface for analyzing and visualizing climate

information products. Use of the generated climate data and the derived information

products is promoted through raising awareness in relevant communities, training users,

and co-production processes.
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INTRODUCTION

Building resilience is vital if countries and communities are to cope with the challenges of climate
variability and change. This is particularly important in those parts of the world, like Africa, which
are the most affected by climatic changes but possess the least adaptive capacity to manage the
associated risks (African Development Bank, 2019). As such, solutions to mitigate the negative
effects of climate change and variability, and adapt to anticipated changes are in particular and dire
need (Conway and Vincent, 2021).
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Climate information is one such solution with an enormous
role to play in improving resilience and decision-making in
the face of increasingly erratic precipitation and temperature
patterns. From shorter-term decisions such as planning for,
managing, and responding to climate hazards such as droughts
or floods associated with climate variability to longer-term
decisions to inform strategic or policy planning around climate
risk management and climate change, climate information is
the bedrock of climate-smart decision-making for governments,
organizations, communities, and individuals (Cooper et al., 2008;
Hansen et al., 2011, 2019a,b; Sheffield et al., 2014; Vaughan and
Dessai, 2014; Stern and Cooper, 2017).

This reality has been increasingly recognized by the
international community, which has developed resources and
materials to promote its use at multiple levels. The United
Nations Framework Convention on Climate Change (UNFCCC)
Least Developed Countries Expert Group (LEG), for example, has
developed guidelines, which emphasize the need for using climate
information in the design and implementation of adaptation to
climate change (Burton et al., 2002). Similarly, in the academic
and practitioner communities, there is a growing body of
research on the need to support adaptation through the provision
of climate information that is salient, accessible, legitimate,
credible, equitable, and integrated (Hewitt et al., 2012; Hansen
et al., 2014; Daron et al., 2015; Harold et al., 2016; Buontempo
and Hewitt, 2018; Buontempo et al., 2018; Christel et al., 2018;
Vaughan et al., 2018; Clifford et al., 2020). However, there are still
major practical challenges to ensuring that climate information is
actually useful, usable, and used by those who need it most, and
climate services approaches aim to address them (Hansen et al.,
2011, 2019a; Vaughan and Dessai, 2014).

The World Meteorological Organization (WMO) defines
climate services as “the provision of one or more climate
products or advice in such a way as to assist decision-
making by individuals or organizations,” (WMO, 2014), while
the Climate Services Partnership (CSP) describes climate
services as “the production, translation, transfer, and use of
climate knowledge and information in climate-informed decision
making and climate-smart policy and planning,” (Climate
Services Partnership, 2011). The common thread between these
two definitions is that climate services involve the provision of
specific climate information products or services for a specific
decision-making process. In other words, it is not the mere
presence of climate information, but how this information is
developed, tailored, communicated, and used in climate-sensitive
decisions that ultimately determines its efficacy toward its stated
goals in supporting adaptation.

Before information, however, there is the data that underlies
it. Climate data is the foundation for providing climate services.
However, due to the limitations surrounding the availability of
and access to climate data and information products in Africa, the
use of climate information in plans to manage risks from current
climate variability or adapting to climate change has been limited.
While many reasons for this exist, most limitations are related to
climatic infrastructure and investment. In many parts of Africa,
weather stations are sparse and their number has been declining
(Washington et al., 2006; Dinku et al., 2014; Dinku, 2019).

Moreover, where weather stations do exist, their distribution is
uneven, with most stations located in towns along major roads.
Thus, useful climate information is often not available purely
because of data constraints. And when data does exist, it is often
inaccessible to those who need it most.

However, data constraints or even accessibility issues are
not always at fault for climate information not being useful.
Even when high-resolution data exist, the information derived
from such data may not be at a scale—temporally or spatially—
or presented in a format that is relevant for decision-makers.
A map showing precipitation patterns and likely areas of
malaria incidence for the health sector, for example, may prove
meaningless for those in the agriculture sector who would prefer
to have information relating to rain onset or amounts to inform
planting and seed choice visualized, or even entirely unusable for
farmers who can only receive such information via radio or text.
A shared collection of climate information can be applicable to
more than one sector and provide a robust system for managing
risks and shocks (Goddard et al., 2020; Conway and Vincent,
2021), but it is not inevitable that this will come about.

To ensure usefulness, usability, and actual use of climate
information, intentional investments need to be made in the
translation of this information for a wide array of users and
sectors, in communication systems and strategies for sharing
this information for different audiences, and in capacity building
approaches promoting awareness and understanding of the
information itself (Christel et al., 2018; Vincent et al., 2020)
And, perhaps most importantly, norms, policies, programs, and
practices need to be established to ensure an ongoing, iterative
dialogue—also known as “coproduction”—between those who
ultimately produce climate information products and those
whom it is intended to serve (Meadow et al., 2015; Kruk et al.,
2017; Vincent et al., 2018, 2020; Conway and Vincent, 2021).

The accompaniment of efforts to improve data availability
and quality with kinds of capacity building and investments
just described is especially salient and needed in Africa, where
there is limited manpower capacity and National Meteorological
and Hydrological Services (NHMS) culture that tends to see its
responsibility in the realm of information generation, rather than
shepherds or stewards of its use as just described. In contrast to
the holistic vision of climate services just laid forth, most NMHS
were historically established and mandated with the purpose
of simply providing weather forecasts for aviation and other
similar activities. As such, they have very limited manpower and
experience in climate services, which requires engagement with
users in a co-production framework (Vincent et al., 2018; Bremer
et al., 2019). And as a result, these NMHS have been slow to
transition from issuing weather and climate forecast to providing
the kind of climate services needed for climate risk management
and climate change adaptation by a variety of sectors.

The Enhancing National Climate Services (ENACTS)
initiative led by Columbia University’s International Research
Institute for Climate and Society (IRI) has been making efforts to
alleviate the challenges described above (Dinku et al., 2014, 2018).
Working closely with NMHS of various countries, particularly in
Africa, this initiative aims to improve the availability and quality
of climate data, facilitate access to data and derived climate
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FIGURE 1 | Countries and regions where ENACTS has been implemented or is in the process of being implemented. The brown color shows where ENACTS has

been implemented at the regional level, while the green color shows where ENACTS has been implemented only at the national level. Countries in orange are those in

which ENACTS has been implemented both at the regional and the national levels.

information products, and promote the use of the data and
climate information products for improved decision-making
in different climate-sensitive sectors. Engagement with the
NMHS has been critical to the ENACTS approach, as the
NMHS are the nationally mandated organizations for the
collection, management, and dissemination of meteorological
observations. Enhancing National Climate Services improves
the availability of climate data by blending the best available
national meteorological observations with global climate and
environmental products. Access to climate data and information
products is enhanced by working with NMHS and climate
services users in order to generate information products needed
for climate resilient decision-making in key development sectors
and then making those products freely available through a
user-friendly dynamic web interface. This system enables the
NMHS to generate and deliver targeted climate information
products relevant to the needs of decision makers from local to
national levels. The use of information products is facilitated by
supporting the NMHS to engage their users at the different levels.
The IRI is able to provide this support because the institution
itself is comprised of a multidisciplinary team of climate
scientists as well as sectoral specialists (e.g., agriculture, health,
and water) that works at the nexus of science, development
practice, and policy.

Enhancing National Climate Services was first launched in
Ethiopia in 2012, and has now been implemented in about
16 countries at national level and at regional level in East
and West Africa (Figure 1). This has been accomplished
by fostering collaborations at national, regional, and global
levels. The national level engagement with NMHS as
well as experts from the climate-sensitive sectors such
as agriculture has been instrumental in enhancing the
national capacity to provide and use climate information.
The engagement with Regional Climate Centers (RCC) has
been critical in building ENACTS-related capacity in the
region and making implementation of ENACTS sustainable
and cost-erective. At the global level, ENACTS has been
supported through funding by a number of organizations
that include the United States Agency for International
Development (USAID), the UK Department or International
Development (DFID), the World Bank and the African
Climate Policy Center (ACPC). It has also received input
from relevant global institutions such as the WMO, and the
Global Framework for Climate Services (GFCS), including
some funding.

The general philosophy and approach of ENACTS has been
discussed in detail by Dinku et al. (2018). The next sections will
summarize the approach, and then focus on how ENACTS is
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actually implemented in practice, by presenting the main steps
and activities.

THE ENACTS APPROACH

The goal of the ENACTS initiative is to transform how decision
makers make climate-sensitive decisions at the local, regional,
and national levels. This is accomplished through the following
three objectives (Dinku et al., 2018):

1. Improve the availability and quality of climate data
and information products at the local, national, and
regional levels.

2. Enhance access to climate data, information products, and
services relevant to the needs of the public, national, and
local practitioners in climate-sensitive sectors, as well as policy
makers, those in the private sector, and researchers.

3. Promote the widespread use of climate information and
services by pursuing effective stakeholder engagement and
tapping into existing demand for climate information.

The following sections provide the details of these
three objectives.

Improve the Availability and Quality of
Climate Data
This objective involves assessing available climate observations,
executing quality-control of all rainfall and temperature
observations from any given country’s meteorological network,
and then combining the quality-controlled station observations
with satellite estimates for rainfall. For temperature, the quality-
controlled observations are combined with digital elevation
models and climate reanalysis products. During this activity,
station observations undergo a comprehensive quality check
procedure. While this procedure for checking and, whenever
possible, fixing erroneous observations and coordinates is
challenging and time-consuming, it is essential to ensure the
quality of the datasets.

In order to create temporally and spatially complete climate
data sets, the quality-controlled ground observations are blended
with satellite rainfall estimates and reanalysis proxies (for
temperature). The strengths of the satellite rainfall estimate
and climate model reanalysis temperature products include
the following:

(i) complete spatial coverage over most of the globe;
(ii) available free of charge from many global centers; and
(iii) long time series, which is close to 40 years for satellite

precipitation products and over 50 years of time series for
reanalysis products.

The proixies also suffer from some weaknesses, the main one
being low accuracy compared to station observations. The
ENACTS approach thus strives to overcome the weaknesses of
both station observations (limited coverage) and satellite and
reanalysis products (accuracy) by combing the better spatial
coverage of the proxies with the better accuracy of the ground
observations. These blended datasets provide 40-year time series

of rainfall and 50 years of temperature time series at high (4 or
5 km) spatial resolutions. These datasets represent a significant
improvement over the station-only or proxy-only datasets,
depending on the application.

Enhance Access to Climate Data,
Information Products, and Services
Access to climate information products is made easier by
developing and making available on online climate information
portals (maprooms) with visualizations of this information
(Nsengiyumva et al., 2021). The first step to accomplish this is the
installation of the IRI Data Library (DL) at the NMHS. The DL is
a very powerful platform for hosting, analyzing, visualizing, and
disseminating multidisciplinary data and information products
(Blumenthal et al., 2014). It supports Geographic Information
System (GIS) capability, is highly interoperable across major data
formats and protocols, and is portable to remote sites. The DL
is then used to develop online climate information products
called Maprooms. A Maproom is an online platform where
a collection of select information products can be developed
and presented for specific user audiences. Beyond Maprooms,
the DL is used to develop and make available an array of
other climate information products for different applications
as well.

Promote the Widespread Use of Climate
Information and Services
Availability of climate information products on the web may
not automatically lead to understanding and uptake of these
products. A number of efforts are needed to ensure the
uptake and use of these products. To start with, potential
users would need to know that these products exist. Then,
users need to be trained on how to navigate, understand,
and use the different climate information products. Above all,
users need to be engaged, through a co-production process,
so that generated information products respond to specific
user needs. This co-design and co-production process, which
requires constant dialogue and iterative interactions, is in line
with the implementation of National Framework for Climate
Services (NFCS) being led through the GFCS (WMO, 2014).
Thus, ENACTS lays the foundation for the implementation of
the NFCS.

IMPLEMENTATION OF ENACTS

The ENACTS approach incorporates several innovations to
overcome the data and human capacity constraints of NMHS
for providing climate information and services that are relevant
to local user needs. These constraints are addressed by
supporting NMHS with methods, tools, and training to: (a)
spatially and temporally complete, gridded, historical climate
datasets; (b) generate suites of derived decision-relevant climate
information products; and (c) disseminate climate information
products through an interactive online visualization platform
(Maprooms). The ENACTS team visits each NMHS and
works directly with NMHS staff in implementing the different
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FIGURE 2 | Average number of stations that reported data for each month.

components of ENACTS. While this support is costly, it is
necessary for making use of all available climate data and
ensuring ownership and sustainability. Nonetheless, there are
ways to reduce the cost while still promoting sustainability.

The implementation of ENACTS is a well-structured process
according to the three objectives described above and is thus
straightforward, though it may need to be adapted to the specific
needs of each target country. Implementation is initiated with the
first visit of the ENACTS team member to the NMHS to discuss
and agree on the plan of execution. The implementation of each
component is described in more detail below.

Improve the Availability and Quality of
Climate Data
This component involves four steps: (i) install the Climate Data
Tool (CDT) and train NMHS staff to use it; (ii) organize and
assess availability of station observations; (iii) assess and fixing
the quality of station observations; and (iv) fill spatial and
temporal gaps in the observations.

Installation of CDT and Training of NMHS Staff
The CDT software is a free, open-source R package created
specifically for NHMS in Africa, which generally do not have
access to data organization and analytical tools for climate data.
The CDT has been evolving for over 5 years and has become
a powerful and easy to use tool. The main functionalities of
CDT include:

• Organization of station and proxy data;
• Assessment of data availability;
• Assessment and correction of data quality;

• Combination of station observation with proxies (satellite
rainfall and climate model reanalysis products) to fill temporal
and spatial gaps in station observations;

• Evaluation of gridded products, including satellite, reanalysis,
and combined data products;

• Extraction of data from gridded products, including satellite,
reanalysis, and combined data products, at any point, for a
selected box, and for any administrative boundary; and

• Analysis and visualization of station and gridded datasets.

The CDT training starts with theoretical basics covering quality
control of station data, satellite rainfall estimation, climate model
reanalysis products, combining station data with proxies, and
evaluation of the generated products.

Organization and Assessment Station Observations
Rainfall and minimum and maximum temperature observations
in the NMHS database are first organized and converted into a
format that can be used in CDT. Then CDT is used to assess
which data are available and which are missing. Climate Data
Tool presents this assessment in tabular and graphic formats.
Figures 2, 3 are examples of CDT outputs in graphics format.
Figure 2 shows the number of stations that were reporting each
year, while Figure 3 shows the percentage of data available from
each station across the country. This was an eye-opening exercise
for NMHS in many countries, as this was the first time they could
visualize and analyze their data in this way.

Assessing and Fixing the Quality of Observations
Data quality control is a critical component of ENACTS. Station
observations undergo a comprehensive quality check procedure.
The quality check process involves identifying, and whenever
possible fixing, erroneous observations, and erroneous station
locations (coordinates). This is the most time-consuming and
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challenging task in the process, but it is crucial for ensuring data
quality. The CDT is used to perform this quality control task.
Climate Data Tool checks for a multitude of station observation
error types and presents the outputs in different formats (e.g.,
Figure 4). This helps the NMHS staff to easily identify the errors
and fix or remove the data from their databases.

Filling Spatial and Temporal Gaps in the Observations
Spatial and temporal gaps in the historical climate datasets are
filled by combining the quality-controlled station observations
with satellite rainfall estimates or climate model reanalysis
temperature products (Figure 5). Reanalysis products are climate

FIGURE 3 | An example data availability assessment showing what percent of

data is available for each station.

data generated by systematically combining climate observations
(analyses) with climate model forecasts using data assimilation
schemes and climate models. For rainfall, the Climate Hazards
Group Infrared Precipitation (CHIRP, Funk et al., 2015)
or Tropical Applications of Meteorology using Satellite data
(TAMSAT; Maidment et al., 2014) satellite rainfall estimates are
used depending on the performance of those products relative
to station observations over the particular country. These two
satellite products have been chosen because of their long time
series (starting from 1981/1983), high spatial resolution (about
5/4 km), and use of consistent satellite sensor (infrared) data
throughout the time series. The Japanese 55-year climate model
reanalysis (JRA55; Kobayashi et al., 2015) is used for temperature
mainly because of its long time series (since 1958) and regular
update. However, this product has a coarse spatial resolution of
about 50 km. Thus, the reanalysis data are downscaled to 4 or
5 km spatial resolution using station observations and elevation
maps (digital elevation model).

Steps for Creating ENACTS Datasets
The approach adopted for generating rainfall and temperature
time series, performed using CDT, involves the following steps:

• Downscale proxy data (only reanalysis for temperature);
• Use historical station data to calculate climatological

adjustments factors;
• Apply the adjustment factors to all proxy data;
• Merge the output from the previous step with available station

data for each dekad (10-day period) or each day of each year.

One of the main strengths of ENACTS is that by working directly
with NMHS, it is able to make use of all local observational
data, which significantly enhances the quality of the generated
data relative to similar globally produced products. Figure 6
compares three different station networks from Senegal. The
data from the few synoptic station networks are shared with the
world everyday through the WMO’s Global Telecommunication
System (GTS). These are the stations used in most of the global
merged station-satellite products, which means they form the
backbone of data available to decision makers. Some or all of the
stations from the climate network are used in gridded products

FIGURE 4 | An output from the quality check procedure showing (in red) rainfall data mixed up with temperature measurements.
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FIGURE 5 | Ten-day total rainfall as observed by station (top left), estimated by satellite (top right), and the optimal combination of the two (bottom). The color bar

shows rainfall amounts in mm.

such as those from the Global Precipitation Climatology Center
(GPCC, Becker et al., 2013). The ENACTS product uses all the
stations in Figure 6, which are about 100.

Enhance Access to Climate Data and
Information Products
Enhancing access to climate data and information products
involves developing online mapping services (Maprooms) that
provide user-friendly tools for the analysis, visualization, and
download of climate information products, as well as basic
explanations of main climate phenomena (Nsengiyumva et al.,
2021). This process starts with the customization and installation
of the IRI DL tool at NMHS. The DL is a powerful tool that
facilitates access to a number of climate datasets, and enables
analyses, visualization, and download of data and results in a
variety of commonly used data formats (Blumenthal et al., 2014).
The climate data developed in Section Improve the Availability
and Quality of Climate Data above and the DL are then used to
create automated interactive tools for data analysis and display.
These tools are called “Maprooms” because the main displays are
maps; however, the visualizations also include different graphs
and tables.

Critical for sustainability and scale-up, the NMHS are
trained on installation and management of the DL, as well as

development and maintenance of the Maprooms. The trainees
are shown all the steps needed to install the DLwhile it is installed
on their computers.

Maproom training requires two steps: The first step is to train
NMHS staff on how to navigate the DL Internet interface. This
training is given to potential users for simple navigation of the
DL, but can also be scaled to include more advanced training
which introduces users to the programming language, which
affords them the ability to perform data analysis and disseminate
the information generated by such analysis. The second stem
would be to train NMHS staff on how to use the DL to develop
climate information products (maprooms).

The current version of the Maproom includes three
“generic” Climate Maprooms as well as three application-specific
Maprooms (Figure 7). However, different countries may develop
a different number of products depending on needs or availability
of funds. The Climate Maprooms include Climate Analysis,
Climate Monitoring, and Climate Forecast.

The Climate Analysis Maproom (Figure 8) provides
information on the past climate (in terms of rainfall and
temperature) at any point or at national or sub-national levels.
Products in this Maproom include the following:

- Daily statistics (mean intensity, number wet/dry dais,
probability dry/wet spells, and more);
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FIGURE 6 | Different classes of meteorological stations over Senegal: synoptic (blue), climate (green), and raingauge only (red).

- Monthly climatology and seasonality,
- Seasonal climatology, trends, and probability of extremes;
- El Nino Southern Oscillation/Indian Ocean Dipole
(ENSO/IOD) analysis.

The ENSO and IOD product offers analysis of the impact that
different ENSO and IOD phases would have over different parts
of the country or region.

The Climate Monitoring Maproom enables monitoring of the
current season. Different maps and graphs compare the current
season with the expected or with recent years. This information
can be extracted at any point or for any administrative boundary.
The capability to extract and present summary information for
any administrative level enables a user to focus on a specific area
of interest.

The Climate Forecast Maproom translates the seasonal
forecasts to flexible information that can be easily understood
by users. It has thus been dubbed the “Flexible Seasonal
Forecast Maproom.” Here it should be noted that this Maproom
does not actually generate forecasts. It just presents forecasts
generated by the country in a more decision-relevant format,
The Flexible Forecast Maproom has transformed how seasonal
rainfall forecasts are presented. Instead of the usual terciles

(below normal, normal, above normal) presentation, the new
forecast Maproom allows users to choose a threshold in which
they are interested either as percentiles or rainfall amounts. For

instance, one can explore the probability that the total rainfall

for the coming season will be above or below a given amount

(Figure 9). The forecasts are also provided at each 4 or 5 km grid,

making the forecast locally relevant (Figure 10).
The application-specific Maprooms currently include the

Climate and Agriculture, Climate and Water, and Climate

and Health Maprooms (Figure 7). These Maprooms have been

developed/improved through a co-production process with

sectoral experts at IRI as well as relevant in-country stakeholders.
The Climate and Agriculture Maproom provides climate

information that is important for agricultural activities. This
includes dry spell frequencies that influence the soil water

balance, onset and duration of the growing season, and growing

degree-days that influence the timing of crop maturity. The
Climate and Water Maproom provides climate information

(past, monitoring, and forecast) at the watershed and sub-
watershed level. This would be very useful for water resources
assessment, risk analysis, and monitoring. The current version
of the Climate and Health Maproom enables one to analyze
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FIGURE 7 | The current version of ENACTS maprooms for one of the advanced ENACTS countries.

the impact of different climate variables on malaria occurrence.
Empirically-derived thresholds of rainfall, temperature, and
humidity are used to assess the climatic suitability of malaria
transmission. The interactive map initially displays the number
of months during the year when climatological averages meet
these requirements. Users may gain insight into how often these
conditions have actually occurred during any particular month
by clicking on the map at the location of interest.

All of these aforementioned Maprooms are integrated directly
into the NMHS web pages for each country. The “uptime” of
these sites is monitored to help identify constraints to continuous
delivery of climate information (most commonly down time is
associated with interrupted energy supply to the server). An
analytical capability has also been established at the NMHS so
that they can better understand the traffic to their Maprooms,
learn from their users and respond accordingly.

The above Maprooms are just a few examples of what can be
done with the data and theDL tools. Themain limitations to what
could be generated are mastery of the tool and understanding
what users need. Thus, there is much potential to develop
additional products to help meet various user needs. Enhancing
National Climate Services efforts include training the staff of the
NMHS in the creation of Maprooms so they can develop further
information products to satisfy user-specific needs.

Promote the Widespread Use of Climate
Information and Services
While generating climate information products and making
them available online makes it easier for people to access these

information products, it may not necessarily lead to uptake and
use. To bridge the gap between information access and use,
potential users need to be made aware of these products, their
value, and their applications. At a minimum, people (ranging
from policymakers to technical experts, students, and members
of the public) need to be aware of current ENACTS products and
services and potential future services. Awareness is important for
those who may positively (or negatively) influence the enabling
environment for ENACTS uptake, funding, and institutional
support. Awareness may also engage potential users of ENACTS
products and services. In particular, widespread awareness may
allow a broad community of “autonomous users” to be created
at no additional cost to the NMHS in terms of time and
resources, and ENACTS Maproom services have the potential to
inform a very wide user base. Creating awareness of the work
going on through the ENACTS initiatives will help the “word
of mouth”-type dissemination, as well as build an identity and
profile for the NMHS within a broad stakeholder community.
In this respect, one component of ENACTS implementation
is a 1-day “ENACTS launch” workshop to introduce the new
ENACTS data and products to stakeholders, including policy
and decision makers, experts from different sectors, academia,
media, etc.

Users also need to be trained on how to navigate the products,
understand them, and ultimately use them. There is a very high
number of people with the potential to utilize the ENACTS
data and information products. Thus, supporting the NMHS in
various countries to train their users has been another important
component of the ENACTS approach to date. This is usually done
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FIGURE 8 | Different products in the Climate Analysis Maproom.

by holding workshops for the training of trainers (ToT), and
then teaching them how to navigate and use the Maprooms so
they may train others to do the same. However, this component
has not been as strong as it should be because the trainings
typically require significant time and resource commitments in
institutional environments where NMHSmanpower and funding
is already spread thin.

It is also important to engage users in co-development of
information products that would serve and be tailored to their
specific needs. Enhancing National Climate Services promotes
the use of climate information by encouraging, and sometimes
supporting, the NMHS to engage and collaborate with users.
This includes engaging with policy makers, humanitarians, or
development practitioners to discuss climate impacts on their

activities and building their capacity to understand basic climate
science. It also requires identifying what information they need
based on the constraints, needs, and limitations in their own
field. It is important to maintain constant dialogue and iterative
interactions with different user groups.

USE CASE

The ENACTS data and product are being used for enhancing
climate services in the different countries. The level of use
varies widely among the different countries. The reasons for
these differences include availability of following up activities
(projects) after first implementation, the strength of the NMHS
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FIGURE 9 | The Flexible Forecast Maproom showing the probability of receiving over 500mm of rainfall during the forecasted season (Sep–Dec in this case).

FIGURE 10 | Drilling down to a specific location: the probability that next season’s rainfall total will exceed a range of values (exceedance probability), comparing the

forecasted (red) with what is normally expected for that location (blue).

and its understanding of ENACTS, awareness of sectoral
users about ENACTS, and the relationship between NMHS
and users. Two examples are presented here. The first is

Rwanda with focus on a specific application, and the second
is Ethiopia where ENACTS has been supporting climate
more systematically.

Frontiers in Climate | www.frontiersin.org 11 January 2022 | Volume 3 | Article 787683

https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles


Dinku et al. Enhancing National Climate Services

Implementation of the Participatory
Integrated Climate Services in Rwanda
In Rwanda, a USAID-funded Rwanda Climate Services for
Agriculture project (https://ccafs.cgiar.org/research/projects/
building-climate-services-capacity-rwanda) worked with the
country’s national agricultural extension service to scale up the
delivery of climate services using the Participatory Integrated
Climate Services (PICSA). Participatory Integrated Climate
Service is an approach designed to help agricultural extensionists
work with farmers to make climate-informed decisions in
their agricultural planning with the use of participatory tools
to aid their decision making (Walker Institute, 2018). This is
accomplished by combining the use of timely location-specific
historical climate information with participatory decision-
making tools that help farmers make decisions that fit their
local and individual contexts. Through the PICSA approach,
agricultural extension staff, non-governmental development
agents as well as other intermediaries in Rwanda were trained
to integrate climate services into their ongoing work with
farming communities across Rwanda’s 30 districts (Clarkson
et al., 2017; Hansen et al., 2019a; Birachi et al., 2020). This
is made possible because ENACTS ensures availability of
spatially complete (available 4 km across Rwanda) historical
climate data, which enables implementation of PICSA at
any location. Location-specific historical climate information
produces (graphs) allow those in the agriculture sector to
visualize things like frequency of wet and dry events as
well as the onset and duration of the rainy season, while
downscaled seasonal rainfall forecasts at high resolution also
provide locally-relevant information to facilitate agricultural
planning. On the other hand, the expanded suite of ENACTS
Maproom products (Nsengiyumva et al., 2021) support PICSA
requirements for providing climate information (as graphs)
to farming communities The ENACTS Maprooms provide
an efficient way for the trained intermediaries to access
location-specific data and graphs as they work with farmers
and other local decision makers within the PICSA process.
The Rwanda Climate Services for Agriculture project was won
the “Climate-Smart Agriculture Project of the Year Award
2018” (http://www.aidforum.org/Topics/health-and-wash/
rwanda-climate-services-for-agriculture-wins-project-of-the-
year-award/).

Adapting Ethiopia’s Agriculture to Climate
Ethiopia was the first country to implement ENACTS and it is
also where ENACTS has been exploited the most. This has been
accomplished through a number of following up projects that
included engagement with the user community. One of these
projects is ACToday (Adapting Agriculture to Climate Today
for Tomorrow), which aims to develop climate service solutions
through enhancement of the availability and effectiveness of
climate information in national policy, planning, management,
and other decision-making processes (Pattni and Ward, 2018;
Goddard et al., 2020). This project, being implemented in
Ethiopia and five other countries (IRI, 2020), has as a goal
improving food security, nutrition, environmental sustainability,

and economic outcomes. Adapting Agriculture to Climate Today
for Tomorrow promotes the use of climate information and
services to manage current climate risks while laying the grounds
for adopting to the changing climatic conditions.

Adapting Agriculture to Climate Today for Tomorrow-
Ethiopia works to strengthen the four pillars of climate services
(Generation, Translation, Transfer, and Use; Goddard et al.,
2020) by working with the most relevant institutions. The
main institution for the “generation” of climate information
is the National Meteorological Agency (NMA). Generation,
Translation, Transfer has been strengthening NMA’s capacity
mainly around data and products and improving seasonal and
sub-seasonal forecasts. The outputs from NMA are inputs into
activities undertaken by the Ethiopian Institute Agricultural
Research (EIAR), which plays the role of “translation” and
“transfer.” Adapting Agriculture to Climate Today support
to EIAR includes ENACTS maproom products, development
decision support systems and of an agro-weather advisory
system. Products and tools from EIAR will is used by
the Ministry of Agriculture (MoA) at different levels (from
the minister all the way to the farmers) for climate risk
management. Disaster, mainly in the form of droughts, has
been a major challenge to food security and development
in Ethiopia. Thus, ACToday is also supporting disaster risk
management by working with the relevant institutions, which
include the National Disaster Risk Management Commission
(NDRMC) with effective use of climate information for
early warning and action, and working with the Word
Food Program (WFP) on index insurance and Forecast-
based Financing.

All these efforts would be in vain if users do not understand
and use climate information. Thus, an important component of
ACToday has been the development and piloting of a skilled-
based modular training course on Climate Risk Management
at different levels in collaboration with MoA, EIAR, and NMA.
These curricula include graduate-certificate at university level,
a semester course for students attending vocational training, 2-
week professional development training for district agricultural
experts and extension officers, and PICSA for extension officers
and farmers. These capacity building activities are designed
in such a way to strengthen and reinforce capacities, and
maximize synergies amongst different decision-makers and
institutions. Those trained in climate risk management at
the university level, for example, may go on to work within
the extension system as subject matter specialists guiding the
development agents who work most closely with farmers at the
local level.

Agriculture to Climate Today-Ethiopia has also been
supporting the implementation of the NFCS in Ethiopia.
This is an institutional mechanism to coordinate, facilitate,
and strengthen collaboration among national institutions
to improve the co-production, tailoring, delivery, and use
of science-based climate predictions and services (WMO,
2018). This is accomplished by focusing on the five pillars
of the GFCS (WMO, 2014). This would be a very important
planform/process for developing strategies to foster the access
and use of climate knowledge and services by national and/or
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international organizations. Supporting this process will ensure
that the achievements of ENACTS and ACToday are sustainably
embedded in national-level processes.

WHAT IS NEXT FOR ENACTS?

Enhancing National Climate Services has been demonstrated
to be an effective approach to transforming national climate
services. The ENACTS products have generated a great
deal of interest in the meteorological, humanitarian, and
development communities. However, there is still room for
further improvement of the different components of ENACTS.
This means a lot of work is still needed to strengthen
ENACTS where it has already been implemented, as well as
in future implementation countries. The countries in which it
is currently implemented represent only a fraction of Africa.
The initiative would thus need to expand to the rest of the
continent, and beyond. Finally, there is also a need to ensure
the sustainability of ENACTS. These three areas are further
discussed below.

Strengthening ENACTS
Strengthening ENACTS in the countries where it has already
been implemented will entail:

• Increasing the number of climate variables used: Variables
such as relative humidity, evapotranspiration, and sunshine
hours are all important for applications such as agriculture,
water resource management, and renewable energy.
Integrating them into ENACTS would empower those
seeking to improve yields while managing scarce resources.

• Developing more climate information products: The current
Maprooms include both generic climate products, as well as
some sector-specific products for the health, agriculture, water,
and disaster risk management sectors. At climate product
level, there have been request for analysis of climate change
projections. Climate change projections have not been the
focus ENACTS, but this will change going forward. There are
already a couple of ENACTS Maprooms that include some
climate change products, but these were not developed by IRI
(see section Expanding ENACTS below) On the other hand,
beyond contextualizing ENACTS on a sectoral level, users
have been asking for more products relevant to the specific
decisions they have to make. In addition, the health and water
Maprooms have limited products. Thus, more work is needed
to addmore products. Some of these will require incorporating
new climate variables such as those described above. There
have also been requests from other sectors, such as aquaculture
and energy for sectoral-specific products. Thus, in addition
to developing more decision-relevant products, there is also
a need to expand to other sectors.

• Creating decision support systems for specific decision-

making processes: Creating specific decision support
tools for decision-makers would allow for more efficient
management of a number of processes, services, and programs,
including hydropower dams, improved and expanded

crop yield forecasting, malaria monitoring, and early
warning systems.

• Promoting effective use of climate data and information

products: The return on investment of ENACTS data and its
products can only be realized through its effective use. Efforts
are being made to promote the use of ENACTS. However,
this is still the area most in need of further development
within the ENACTS approach. Initial plans depended on the
NMHS themselves promoting the use of ENACTS. However,
it has become clear that many NHMS are not able to do so
quickly enough. The main challenge has been the fact that the
ENACTS approach is new to the NMHS themselves who are
used to providing only limited climate information products
such as weather and seasonal forecasts. Thus, the ENACTS
approach must be reshaped to involve sectoral experts, as well
as other relevant actors in its use and promotion. This has
already started in some countries through the aforementioned
ToT sessions, but it is still very limited. Implementation of
the NFCS could be an opportunity for expanding the use of
ENACTS products. The co-development of services with users
(involvement of the different stakeholders in the development
of the products) will contribute to the endorsement and wider
use of ENACTS products.

• Targeting high-impact decision-makers with capacity

building: While ENACTS Maprooms have been used as a
climate tool by NMHS for many years, use of such Maprooms
remains limited amongst development and humanitarian
organizations, despite the high potential for impact amongst
decision-makers in this space. In Ethiopia, for example,
where ENACTS was first launched and the NMA has been
implementing the approach for almost 9 years as it rippled
across more than a dozen countries in Africa, use of the tool
still remains limited. Especially in sectors related to disaster
risk reduction and management (DRR/M) where there is
a high potential for use of ENACTS tools and approaches
(such as Maprooms) in saving lives, promoting food and
nutrition security, and managing multi-hazard risks inclusive
of climate, awareness of the initiative, and its services is low.
Targeted capacity building and sensitization on the ENACTS
approach is therefore necessary to realize its full potential.

Expanding ENACTS
Most African countries, if not all, will greatly benefit from
the innovative approach of ENACTS. By its nature, ENACTS
can lay the foundation for the NFCS, which some countries
have already started implementing. However, so far only
16 countries have benefited from ENACTS at a national
level (though there some more covered at regional level
implementation). There is clearly still room for expansion.
While the efforts of the IRI, NMHS, and development
partners offer a strong practical example of climate services
development in Africa, substantial funding and collaboration
with national, regional, and global organizations will be
needed to expand ENACTS across the continent. There are
many potential opportunities for synergy among current
initiatives including the NFCS process, RCC, African
Meteorological Conference on Meteorology (AMCOMET),
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GFCS, UNDP, World Bank efforts, and others. All could
benefit greatly from better basic information for their evidence-
based priority setting and evaluation processes. Enhancing
National Climate Services aligns tightly with AMCOMET
objectives (AMCOMET, 2015), the five pillars of the GFCS
(WMO, 2014), and World Bank and UNDP investments in
strengthening NMHS.

The expansion could be made cost-effective and efficient by
building technical capacity within the continent. An approach
ENACTS has adapted to ensure cost-effectiveness is building
ENACTS–related expertise at the RCC in Africa. This is
accomplished by training and working with regional and
continental climate institutions. This has already started at
the IGAD Climate Prediction and Application Center (ICPAC)
in East Africa and, and at the Agrometeorology, Hydrology
and Meteorology (AGRHYMET) Regional Center in West
Africa. IGAD Climate Prediction and Application Center has
already started developing Maprooms, and providing training
and technical support for ENACTS countries in the region.
IGAD Climate Prediction and Application Center has even
implemented ENACTS in some countries in the region with
Maprooms that include climate change projections.

Ensuring Sustainability of ENACTS
Enhancing National Climate Services is not a one-time project.
It is an ongoing process that enhances climate services
incrementally and continuously. The existing ENACTS countries
need to be supported to make the best use of the existing
ENACTS platforms as it expands to other countries. At the same
time, ENACTS data and climate information products will keep
improving and expanding based on user requirements. Thus,
the NMHS may need sustained support to continue providing
the ENACTS-generated products and also to add new ones
and engage their users. This would be a daunting task for one
institution alone and can only be achieved and sustained through
broad partnership. As mentioned earlier, ENACTS attempts to
ensure sustainability and cost-effectiveness by building ENACTS-
related expertise at the RCC in Africa. The ultimate goal
is to transfer all operational ENACTS activities to RCC and
limit ENACTS team’s role to technical support to the regional
centers, developing and refining tools and products, supporting
innovations, and facilitating engagements with users.

SUMMARY

Building resilience against the negative effects of climate
variability and change requires reliable climate data and
information products. Climate services can provide climate
information to help decision-makers, including those at the
highest levels (such as policymakers or government officials)
all the way down to those at the grassroots levels (such as
farmers or pastoralists), manage current climate extremes, and
adapt to the changing climate. Climate data is the foundation
for any climate services. However, lack of available climate data
and information products has posed serious challenges to the
use of climate information and services in Africa and many
other parts of the world. The ENACTS initiative is designed to

alleviate these problems by enabling the integration of climate
information in national and local decision-making processes
through the improvements in the availability, access, and use of
climate data and information products. The main strengths of
ENACTS include the following:

• It creates high-resolution and reliable climate data by directly
working with NMHS. Working with NMHS is critical because
it provides access to climate observations that are not
available elsewhere. This will also help in building trust and
ensuring sustainability.

• Worked with sectoral experts to develop climate information
products that are relevant to different sectors and make
them available online. This has helped create a web portal
(Maprooms) with rich and dynamic climate information
products that are not available anywhere else.

• Build the capacity of NMHS staff to generate the required
climate information products and the capacity of users to
understand and apply those products.

The main weakness of ENACTS has been effective exploitation of
the developed products.

While it was initially hoped that the NHMS would be able to
lead on promotion of climate information products, in reality,
progress has been slow due to inertia surrounding long-standing
norm of NMHS only providing limited products such as weather
and seasonal forecasts.

Though efforts have been made to train NMHS staff and
sectoral experts on how to navigate, understand, and use the
maprooms, it has been found not to be sufficient. The other
challenge is that this component requires more resources and
time. Addressing this challenge requires evolving the approach
to involve more sectoral experts besides the NMHS in the
promotion of ENACTS. This will broaden the conversation and
support national and international dialogue and momentum for
the incorporation of effective climate services in all corners and
sectors affected by climate.

Since its launch in Ethiopia in 2012, ENACTS has been
implemented at the national level in 16 countries, as well
as at the broader regional level in East and West Africa.
Over that time, ENACTS has proven to be effective in
strengthening climate services at the national level. However,
more work is needed to strengthen ENACTS where it has
already been implemented, expand it to other countries in Africa
and elsewhere. Strengthening ENACTS will involve expanding
several different aspects of the initiative, including adding g
more climate variables, such as humidity and daily hours of
sunshine. Finally, the area most in need of development is the
expansion of ENACTS data and information products into new
geographies and sectors. While the efforts of the IRI, NMHS,
and development partners offer a strong practical example of
climate services development in Africa, substantial funding and
collaboration with national, regional, and global organizations
will be needed to expand ENACTS across Africa, and beyond.
The strengthening and expansion can be made cost effective
and more sustainable by building technical capacity within the
continent. This has already started at the IGAD ICPAC in East
Africa and at the AGRHYMET Regional Center in West Africa.
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