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Major strides have been made in the development of remote sensing, reanalysis,

and model-based earth observations (EOs), which can be used for long-term climate

variability mapping, as well as real-time environmental monitoring and forecasting. Such

EOs are particularly valuable for environmental decision-making (e.g., for environmental

resources management and disaster mitigation) in the Eastern and Southern Africa

(E & SA) region, where ground-based EOs are sparse. Nonetheless, operational

application of those EOs to inform decision-making in the region remains limited. This

paper reports on a recently concluded (as of June 2019) NASA SERVIR-supported

Applied Science Team project that contributed to the uptake of EO applications to inform

decision-making in this region. This project was conducted in close collaboration with

the Regional Center for Mapping of Resources for Development (RCMRD)—the NASA

SERVIR regional hub in E & SA. The capacity-building efforts leveraged RCMRD’s existing

environmental service capacity, their long experience in capacity building in the region,

and their extensive network of regional partners, with the goal of increasing RCMRD and

their regional partners’ ability to uptake EOs to enhance their environmental services and,

hence, improve the environmental decision-making process. The project focused on:

(1) Transfer of technology—Transition and implementation of web-based tools to RCMRD

to allow easy processing and visualization of EOs and (2) Capacity training—training

of representatives from regional and national environmental service agencies in EO

application based on targeted case studies. Here, we describe these capacity-building

efforts, provide specific examples to demonstrate the benefits of those efforts in terms

of enhanced uptake of EOs, and provide recommendations for furthering the uptake of

EOs in the region and beyond.
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INTRODUCTION

Long-term climate change, climate variability, and rising
population make Eastern and Southern Africa (E & SA)
particularly vulnerable to climate risks. Climate disasters, such
as floods and droughts, are frequent in the region, resulting
in substantial socioeconomic losses (Washington et al., 2006;
Gebremeskel Haile et al., 2019). To mitigate the adverse
socioeconomic impacts of these events, decision-making in
several particularly vulnerable sectors—including agriculture,
water resources, energy, and development—needs to be climate
informed (Archer et al., 2017). Major advances have been
undertaken in the development of high-quality, high-resolution
remote sensing and model-based data sets, referred to here as
Earth Observations (EOs) (Jenkerson et al., 2010; Funk et al.,
2015, 2019; Das et al., 2018; Szantoi and Strobl, 2019). These
EOs allow for long-term climate vulnerability mapping, as well
as regular monitoring and forecasting of climate, hydrologic,
and vegetation conditions throughout the globe (Jenkerson et al.,
2010; Funk et al., 2015; Das et al., 2018). However, challenges
remain that limit the application of EOs for decision-making
including the lack of access to EO data, and the lack of experience
in converting those data sets into meaningful information for
decision-makers (Block, 2011; Coughlan de Perez and Mason,
2014; Dinku et al., 2014; Frankel-Reed, 2018; Harvey et al.,
2019). For example, in a recent study, only 27% of the surveyed
stakeholders in sub-Saharan Africa reported having adequate
ecosystem service data needed for decision-making (Willcock
et al., 2016). In general, the survey indicated a lack of reliable
accuracy and availability of ecosystem service data at varying
spatial and temporal resolutions, thereby hindering informed
decision-making in the region.

Publicly accessible data sets and models, when applied
to inform food security and water resource-related decisions,
can help improve monitoring and forecasting of droughts,
water availability, and climatic conditions. However, without
knowledge of how to access or understand this information, these
valuable data sets and models go underused.

To combat this challenge within a NASA and USAID’s
SERVIR program (https://www.servirglobal.net/) Applied

Science Team (AST) project, the Climate Hazards Center (CHC)
collaborated with the SERVIR E & SA hub at the Regional
Center for Mapping of Resources for Development (RCMRD,
https://www.rcmrd.org/) to undertake capacity-building efforts
in the region from 2016 to 2019. Collaboration with RCMRD
was crucial for these efforts due to RCMRD’s long history of
partnering with the national and regional environmental service
agencies in the region. The RCMRD, established in 1975, is
an intergovernmental organization that currently contracts
with 20 Member countries in the E & SA regions, including
Botswana, Burundi, Comoros, Ethiopia, Kenya, Lesotho, Malawi,
Mauritius, Namibia, Rwanda, Seychelles, Somali, South Africa,
South Sudan, Sudan, Swaziland, Tanzania, Uganda, Zambia,
and Zimbabwe. RCMRD’s mission, which is shared by the
SERVIR program, is to promote sustainable development in the
region through the generation, application, and dissemination of
improved Geo-Information and products to the Member States

and beyond. For nearly a decade, SERVIR and RCMRD have
worked together on four environmental service areas, which
include “Agriculture and Food Security,” “Land use, land cover,
and ecosystems,” “Water Resources and hydroclimate disasters,”
and “Weather and Climate.” Through this partnership, SERVIR
and RCMRD have conducted needs assessments in the region
and co-developed EO-informed decision support systems and
information services. These services were further supported by
targeted capacity-building efforts to address those needs and
increase the sustainable use of the developed tools for decision-
making. The efforts of the SERVIR AST project described below
furthered the SERVIR and RCMRD partnership in response
to identified needs. Capacity-building activities conducted
through this project primarily focused on technology transfer
to RCMRD and training environmental service providers in
the region, with the goal of enhancing the uptake of EOs to
inform decision-making. Below, we provide details on how each
aspect of the capacity-building effort was carried out and show
specific examples of how these efforts resulted in enhanced EO
access to improve environmental services. It is important to
note here that the project focused only on publicly accessible
EOs (rather than commercial EOs) that are freely available to
partners such as RCMRD and to the trainees who participated
in our capacity-building activities. Finally, based on the project
team’s experience, we summarize key recommendations to
further ensure sustained EO usage for environmental services
and improved decision-making in the regions.

ENHANCING EO ACCESS BY
TECHNOLOGY TRANSFER

As the first step toward enhancing environmental services in the
region of E & SA, and at the request of RCMRD, the project
team worked with the RCMRD to implement an instance of
the USGS’s Early Warning eXplorer (EWX Shukla et al. (2021),
https://earlywarning.usgs.gov/fews/software-tools/1) at RCMRD
(Figure 1). The EWX is a web-based, single-page application
for the exploration of EOs. It enables users to easily visualize
and compare different maps of agroclimatic data sets side by

side in the same spatial bounding box, as well as extract and
visualize spatially aggregated versions (i.e., time-series). Datasets
include precipitation, temperature, and NDVI among other EOs.
Users can also access temporally aggregated (i.e., averaged over
1, 2, and 3 months) versions of the data sets, as well as the
additive and standardized anomalies. Through these evaluations,
the agroclimatic EOs contribute to real-time monitoring, as well
as long-term change and variability analysis.

Google Analytics-based usage statistics (Figure 2)
demonstrate routine access of RCMRD’s EWX. From November
2018 to June 2019, there were 278 total page views, 193 of
which were unique views. The usage statistics also show at least
20 views per month, peaking during the months of February
and March, which marked the start of the long-rain seasons
in Eastern Africa. This also coincides with the fourth and final
training, conducted in Tanzania in February-March, 2019. As
described in section Training Goals and Contents, the EWX
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FIGURE 1 | A screenshot of the cloud-based instance of RCMRD’s Early Warning Explorer (EWX), implemented and maintained by the RCMRD. This version of EWX

currently serves precipitation (CHIRPS), Tmax (CHIRTSmax), and short-term precipitation forecasts (CHIRPS-GEFS) over all of Africa.

was among the primary web services introduced to the selected
environmental service providers in the region. Finally, usage
statistics also showed that the top-two highest numbers of views
came from Kenya and Tanzania (not shown). Other African
countries such as Mali, Ethiopia, and South Africa are also
among the top six EWX-viewing countries. Further examples
of RCMRD’s enhanced capacity are detailed in section Regional
Center for Mapping of Resources for Development (RCMRD).

ENHANCING EO ACCESS THROUGH
CAPACITY TRAINING

Capacity Training Overview
Table 1 summarizes the four training sessions held during
the course of the project. The training locations and invited
participants were strategically chosen to ensure representation
from across E & SA, while also addressing sectors such as
agriculture, water resources, climate services, and forestry and

land management. Training structure and materials, detailed
in section Training Goals and Contents and Table 2, were
heavily influenced by the pre-training needs assessment and
post-training feedback. Previous participants who demonstrated
(through their regular feedback) engagement and active EO
user were invited to participate in follow on sessions. The goal
behind this approach was to develop a pool of “champion”
participants in the region who were well-versed in advanced
EOs and web tools with demonstrated access to the (minimal)
required infrastructure to use the available tools and had shown
examples of adapting their enhanced skills to provide improved
information to regional decision-makers.

Needs Assessment
In order to guide the development of the training material
to ensure that it directly addressed the participants’ needs, we
conducted additional needs assessments prior to each training.
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FIGURE 2 | Monthly usage statistics of RCRMD’s version of Early Warning Explorer from November 2018 to June 2019 (Source: Google analytics).

Our goal was to (i) better understand the primary
environmental services-related responsibilities of the participants
(ii) target spatial domains; spatial and temporal resolution (iii)
target decision-makers (iv) identify existing gaps in EO
knowledge and access (v) identify challenges and opportunities.
In the case of “champion” participants, the needs assessment also
allowed us to gauge the effectiveness of the previous trainings, as
well as the spatial and temporal resolution at which they typically
need the EOs, the participants’ evolving familiarity with the EO
data sets and tools in terms of access and application, as well as
their remaining EO-related needs.

The need to more easily access EOs was a primary focus. Here,
access means the ability to download or extract EOs, then process
and visualize them, and finally, save and export that data to other
GIStools. For example, in response to the question “What are the
main challenges you face in processing and visualizing EO data
sets?” the common answers were:

1. Ability to deal with bulk data sets quickly
2. Accuracy of data sets
3. Extraction of data and details on methods and interpretation
4. Lack of ability to process raster data sets in web services
5. Transportability of output raster data to other GIS software
6. Ability to aggregate data spatially over the

user-prescribed polygons

We learned that, in general, the participants knew of the web
services but were not regularly using them to access EOs. For
example, Figure 3 shows the number of participants (total 17,
from training 1) who were familiar with the popular web services,

and a general frequency of use of those web services. The primary
EO data needs of the participants included the need to access
bulk data sets, the need to locate accurate data, and the need for
available data in the format portable to the tools (such as QGIS)
that the participants were already familiar with.

Rainfall data are among the primary EO data needed in the
region. Our survey of the participants (total 6) from the Ministry
of Agriculture in Tanzania conducted prior to Training 4, show
that in general, gauge rainfall data sets are most often used
(Figure 4A). We also learned that there is a general lack of
familiarity with and access to satellites, as well as satellite and
gauge-based rainfall data sets. For real-time applications, the
latency of rainfall data sets is an important feature (Figure 4B);
however, in general, there are at least 5 to 10 days of latency
(Figure 4C), which can be longer in cases when monthly rainfall
data reports are made available. This highlights a disconnect in
the desired and actual latency of rainfall data sets. Precipitation
data sets such as CHIRPS, which leverage both satellite and gauge
estimates, are now available at about 5 days’ latency through
web services such as EWX. Therefore, typically on the first
day of training, an introduction to CHIRPS, its methodology,
and validations were presented to enhance familiarity of the
participants with this data set.

In addition to the above needs, the participants also indicated
the need to learn skills to apply EOs in decision-making. For
example, one participant mentioned that “we are working on
agriculture and we depend on climate data for better performance
in agricultural production.” Participants also expressed the need
to learn “comprehensive information about farm land at higher
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TABLE 1 | Key details on the four training sessions conducted during the SERVIR AST project.

Session (data and location) Participating organizations Focus

Nairobi, Kenya

Dates: September 12–15, 2017

Total participants: 18

• Kenya Ministry of Agriculture,

• Livestock and Fisheries,

• World Food Programme,

• International Center of Insect Physiology and Ecology (Nairobi, Kenya),

• Kenya Forest Services, Kenya Agriculture and Livestock Research Organization,

• IGAD Climate Prediction and Applications Center (ICPAC)

• Kenya Department of Resource Survey and Remote Sensing

• Local universities such as Jomo Kenyatta University of Agriculture and Technology,

Technical University of Kenya, University of Nairobi, and

• LocateIT Ltd.

Hydroclimatological services

Dar Es Salam, Tanzania

Dates: January 30th–February

2nd, 2018

Total participants: 18

• Wami Ruvu basin, Rufiji basin (both in Tanzania), WARIDI

• Tanzania Meteorological Agency and Ministry of Water and Irrigation, Ministry of

Agriculture,

• Kenya Meteorological Department and Water Resources Authority,

• Rwanda, Meteorology Agency and, Water and Forest Authority,

• Uganda National Meteorology Authority and Ministry of Water and Environment,

• Ethiopia National Meteorology Agency,

• Malawi Department of Climate Change and Meteorological Services, and

• Zambia Meteorological Department

Hydroclimatological services

Lusaka, Zambia

September 4–7, 2018

Total participants: 14, 10

“champion” participants

• Tanzania Ministry of Agriculture,

• Kenya Water Resources Authority,

• Rwanda Meteorology Agency,

• Uganda National Meteorology Authority,

• Ethiopia National Meteorology Agency,

• Malawi Department of Climate Change and Meteorological Services,

• Zambia Meteorological Department.

• Zambia Ministry of Lands,

• Mozambique National Meteorology Institute,

• Southern African Development Community’s Climate Service Center, and

• USAID Southern Africa Trade and Investment Hub.

Hydroclimatological services and first

repeat session for “champion” participants

Dar Es Salam, Tanzania

February 27–March 1, 2019

Total participants: 23,

12 champions

• Tanzania Ministry of Agriculture (11 participants),

• Bahir Dar University, Ethiopia,

• Kenya Water Resources Authority,

• Kenya Meteorological Department,

• ICPAC,

• Rwanda Waterand Forest Authority,

• Uganda National Meteorology Authority,

• Ethiopia National Meteorology Agency,

• Malawi Department of Climate Change and Meteorological Services,

• Zambia Meteorological Department,

• Southern African Development Community Community’s Climate Service Center,

• Tanzania Meteorological Agency

EO application for agricultural drought

monitoring and forecasting to support

food insecurity early warning and second

repeat session for “champion” participants

TABLE 2 | List of primary web services, EO data sets, and case studies typically included in the capacity-training.

Web services EO data sets Case studies

USGS’s Early Warning Explorer (EWX) (https://earlywarning.usgs.

gov/fews/software-tools/1)

Climate Hazards Group InfraRed Precipitation with

Station data (CHIRPS, https://chc.ucsb.edu/data/chirps)

Agricultural drought monitoring using

web services and EO data sets

RCMRD’s Early Warning Explorer (EWX, http://apps.rcmrd.org/

ewx-viewer/)

Climate Hazards Center Infrared Temperature with

Stations (CHIRTSmax, https://chc.ucsb.edu/data/chirts)

Generating seasonal climate

scenarios using web services and

CHIRPS

SERVIR’s ClimateSERV (https://climateserv.servirglobal.net/) CHIRPS-Global Ensemble Forecast System

(CHIRPS-GEFS, https://chc.ucsb.edu/data/chirps-gefs)

Implementing index insurance using

web services and EO data sets

NASA’s Giovanni (https://giovanni.gsfc.nasa.gov/giovanni/) FEW NET Land Data Assimilation System (FLDAS,

https://ldas.gsfc.nasa.gov/fldas)

Agricultural and Hydrologic drought

monitoring FLDAS
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FIGURE 3 | Assessment of participants familiarity with the commonly used web services.

resolution,” “different methods to monitor drought,” “use of
EO data for crop insurance,” “to process vegetation data,” and
emphasized “hands-on training of the tools.”

The participants also indicated the need for easier access
to weather forecasts for various applications. For example, one
participant stated that “The weather information that can be
[gathered] from different models have an important [influence]
in day to day in early warning and crop monitoring.” The
participants also indicated that they wanted to see details of
climate and hydrologic EO data sets and placed equal emphasis
on hands-on time to work on prescribed projects, as well as
projects that the participants themselves came up with.

Training Goals and Contents
Based on the background of the participants, their needs as
compiled in the pre-assessment stage, and the project team’s data
and research experience in general, we designed training material
(Table 2) to:

(1) Enhance familiarity of the participants with EOs
(2) Introduce the participants to web services such as EWX and

SERVIR’s ClimateSERV to access those EO data sets
(3) Hands-on demonstration of how, through web services,

EOs can be accessed, processed, and visualized to
provide actionable information to decision-makers in
various sectors.

Training duration generally ranged from 3 to 4 days. Day 1
of the training was usually focused on introducing CHIRPS
and Climate Hazards Center InfraRed Tmax with Stations
(CHIRTSmax) data sets to the participants. The participants were
introduced to the methods involved in generating those data
sets, along with their evaluations and examples of applications
for drought monitoring and long-term climate vulnerability
analysis. Following their introduction to these data sets, the
participants were introduced to the Early Warning Explorer
(EWX). EWX’s main features include the ability to access
bulk data sets and make spatial maps of absolute values and
anomalies, as well as extracting time-series for available polygons
(e.g., Administrative boundaries-1 and−2 and crop zones were
introduced). Following this presentation, a hands-on exercise
on EWX was conducted to familiarize the participants with
EWX and allow them to learn firsthand about its features. The
EWX exercises were structured in the form of several questions
focusing on a given region and drought season (such as Kenya
over the 2016-17 rainy season). The participants were advised to
answer those questions by accessing EOs (such as CHIRPS and
NDVI) data sets through EWX and were encouraged to compare
their answers. Teamwork was also encouraged, while ensuring
that each of the group members participated in the exercise.
This was done by encouraging different members of randomly
selected groups to provide answers to the questions in the
EWX exercises.
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FIGURE 4 | Responses to the questions regarding rainfall data usage assessment of Tanzania MoA. Questions: (A) Which one of these rainfall data sets do you use

and how frequently? (B) How important are the following features of a rainfall data set? (C) What’s the latency of the rainfall data set that you most often use?

The next days of training generally focused on demonstrating
concrete examples of how to use EWX for enhancing
environmental services by using case studies. The selection of the
case studies was based on the pre-assessment of the participants.
For example, the case studies that we most often used helped
demonstrate how EWX (and other web services) can be used
to access, process, and visualize EOs to (1) conduct real-time
drought monitoring (2) generate climate scenarios based on
past years’ observations (i.e., climatological forecasts) and (3)
implement index insurance and calculate payoff amounts and
frequencies. Each of the case studies included was accompanied
by a presentation introducing the concept with a relevant
example. For instance, for the case study on index insurance,
FEWS NET’s Africa Regional Scientist gave a presentation on
the index insurance pilot project then underway in Kenya. The
presentation introduced the basic concepts and terminology of
index insurance, along with examples of how EOs are used for
index insurance implementation. We also brought guest trainers
to share their expertise in relation to different training modules.

Typically, during the second half of Day 3 (the second to last
day), the participants were encouraged to work on projects of
their choosing to demonstrate how the skills and data sets learned
during the training could be used to address the environmental
services needs that they focus on. Working groups, participants

developed small projects focusing on regions and case studies of
their own interest.

On the final day of each training, each group of participants
presented group projects that were often diverse in nature. For
example, during the first training, the participants presented on
“Frost Monitoring on Tea Farming,” “Estimation of groundwater
recharge,” “Post Drought wildlife assessment,” “Assessment of
climate risks based on index insurance,” “Livestock insurance,”
“Assessing effect of rainfall on vegetation,” and “Estimation of
insurance payouts using rainfall and NDVI data sets.”

Evaluation and Feedback
Following each training, we conducted participant surveys to
collect feedback on their experiences to evaluate the effectiveness
of the past training and improve consequent training sessions.
Overall, the participants had positive feedback. For example,
participants of the first training indicated that the training was
“very engaging and participatory,” “very interactive, lively and
informative,” and that it “broadenedmy knowledge on the different
applications of EWX and how it can be used in various decision
making scenarios.” One participant mentioned that “EWX is user
friendly and can be a very useful tool for rapid assessments for
prompt decision making.” Overall, participants’ feedback tended
to explain how the training would improve their professional
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activities, especially as we progressed toward later trainings,
where more emphasis on the application of skills learned during
the training was provided. For example, one participant stated
“It [the training] has introduce[d] me to useful remote sensing
tools necessary for my daily works of advising farmer[s] on dealing
with climate change impact.” Another participant mentioned
specifically of the index insurance that “Index insurance will help
us to understand what to discuss with crop insurance schemes and
companies.” Some of the participants showed enthusiasm toward
sharing the gained skills with their broader team: “I will train my
colleagues who develop scenarios at the GHACOFs and showcase
the products in the upcoming Scientific Conferences.” In addition
to this positive feedback, the participants also indicated the need
to repeat the training for greater comprehension and to provide
more time for hands-on exercises. For example, one participant
mentioned that “time for workshop was short and programs tight
so that hands can be performed very well, I recommend for [the]
next training to focus on various applications with case study
to strengthen hands on.” We received similar comments from
other participants, including those that, overall, had a favorable
opinion of the training. This feedback was vital in improving
the training structure in the following two trainings, as we not
only increased the time for hands-on exercises, but also assigned
“unstructured” time to allow for the participants to spend more
time on any of the case studies presented in the training. We
provided such time at the end of each day. As a result of this
change, following the third training in Lusaka, all of the responses
that we received after the training indicated that they thought that
adequate time was provided for hands-on exercises. Similarly,
participants’ feedback on individual case studies and data sets and
tools discussed helped us schedule more time and include further
information on the materials that the participants most liked and
wanted to see again.

In general, the participants found the web services (such as
EWX) able to meet their needs. They liked various features
that EWX offers. Most participants of the first training (total
of 15 responses) liked the EWX’s ability to bulk download EO
time series, which were also often used in the participants’
projects. The majority of the participants indicated that they
would “Very Likely” be using EWX and ClimateSERV for
their professional activities. Across all trainings, in general,
the participants favored the case studies focusing on “Drought
Monitoring,” “Seasonal-scale climate scenarios,” and “Weather
forecasts.” This was likely because those case studies were most
relevant to the routine professional duties of most participants.
The case study “Implementing Index insurance using EWX” also
received favorable feedback; however, in general, the participants
needed further information. We took this important feedback
into account when developing training material for the training
in Dar Es Salam, and sought help from a guest trainer who had
more experience working in index insurance.

In addition to the above feedback, participants’ feedback of
planned usage of the newly gained skills was of great interest in
that it ensured the sustainable impact of these capacity-building
efforts and enhanced application of EOs for informing decisions.
For example, a participant noted that they had “been able to apply
the skills gained. In January, together with colleagues, we were

able to generate scenarios of seasonal rainfall for Malawi for the
remainder of the season.” Finally, one of the participants reported
that “CHIRPS-GEFS was quite important for monitoring/getting
early warning information during the failed MAM season [2019].”

A few months after the fourth and final training, ∼30% of
the participants (a total 14 responses) indicated that they had
been applying the skills and data sets learned to their professional
duties at least once a week, 50% at least once a month, and the
remainder used their advanced knowledge at least once since
the last training. Figure 5 details the frequency with which the
participants applied different web services and data sets included
in the training sessions.

In general, the participants most often used EWX, CHIRPS,
and CHIRPS-GEFS weather forecasts. The frequency of use
is typically monthly; however, in some cases, especially for
EWX, CHIRPS, and weather forecasts, weekly usage was not
uncommon. None of the participants reported that they did not
use weather forecasts at least once, which speaks to the value of
that data set and enhanced access to the data set through EWX
and ClimateSERV.

Regarding major challenges that the participants faced in
applying newly gained skills to their professional duties, about
60% reported nomajor challenge, and 50% reported slow internet
as a major challenge. Note that the participants were allowed
to choose more than one major challenge. About 20% of the
participants reported institutional protocols or lack of practice
time as their major challenge. About 80% of the participants
reported sharing the gained skills with colleagues who did not
participate in the training, which exemplifies the “empower-the-
trainers” approach, as well as the increased impact and reach of
these trainings.

In the section below, we provide a more in-depth description
of how the above mentioned capacity-building efforts enhanced
EO uses for improved environmental services at selected
environmental service agencies across the region.

EXAMPLES OF ENHANCED
ENVIRONMENTAL SERVICES

This section provides details of selected examples of how
environmental services were enhanced and improved in at least
four agencies across the E & SA region following the capacity-
building efforts. In each case, the existing needs of each of the
agencies are described, their typical end users are listed, and
how the capacity-building efforts described previously led to clear
examples of EOs uptake in improving environmental services to
support decision making is discussed.

Regional Center for Mapping of Resources
for Development (RCMRD)
RCMRD provides environmental services to 20 member
countries in the E & SA region. These services are essential
in the region because the GDP of most of these countries
is dependent on the climate and natural resources. In the
past 6 years, RCMRD has been helping countries develop
climate vulnerability maps to support prioritization of resilience
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FIGURE 5 | Participants’ responses to how often they apply the web services and EO data sets to their professional duties since the last training. This survey was

conducted a few months after the final training to gauge the potential of sustainable use of EOs by the participants following the training.

building, funding, and project implementation (e.g., https://
www.adaptation-fund.org/wp-content/uploads/2017/04/
1434UNEPAFPDLakeVictoriaBasinCleanED6February2017-
2.pdf). To better characterize climate vulnerability hotspots,
consistent long-term climate data sets are required.

RCMRD regularly uses CHIRPS and CHIRTSmax data in
vulnerability analysis and has upscaled the use of EWX and
the gridded datasets in Tanzania. In Kenya, it is supporting
community climate change adaptation initiatives by carrying out
climate vulnerability, impacts, and assessments (Figure 6). In
Tanzania, weather data from an expanded monitoring network
are being used in the further improvement of the gridded data
sets provided by the CHC and consequently, are used in the
calibration and running of hydrological models to support water
planning and allocation and identification of climate risks in the
two basins.

In Kenya, through EWX, RCMRD is supporting the Northern
Rangelands Trust and the Laikipia Wildlife Forum, who
manage community conservancies in the region by providing
vulnerability hotspots maps, current rainfall situations from
CHIRPS, as well as forecasts from CHIRPS-GEFS. These
products are being used together with a rangelands decision
support tool (http://tools.rcmrd.org/) that has been developed to
monitor vegetation conditions in the rangelands to complement

field observations, which are carried out by the rangelands
managers (Figure 6).

Finally, another example of improvement in RCMRD’s climate
services following these capacity-building efforts is documented
in Macharia et al. (2020). Enhanced access to gridded EOs
(mainly gridded precipitation and temperature data sets) allowed
RCMRD and their partners on USAID’s Water Resources
Integration Development Initiative (WARIDI) project to provide
high-resolutionmapping of climate-related risks in several basins
in Tanzania. These climate risk assessments were combined with
several indicators of socioeconomic conditions to map climate
vulnerability in the region and identify “hot spots.”

Zambia Meteorological Department
Zambia Meteorological Department (ZMD) releases a crop
weather bulletin every 10 days providing updates on current
seasonal rainfall, rainfall outlook, crop available moisture, and
crop conditions. Typical end users of this bulletin include the
farmers and decision-makers in sectors such as water, energy, and
health and are publicly available. Until recently, seasonal rainfall
monitoring was done using reports from 41 rain gauges sparsely
distributed across the country. Rainfall outlook included in the
bulletins relied on coarse resolution global models from the UK,
ECMWF, and ARPEGE. Rain gauge sparsity and access to coarse
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rainfall forecasts limited ZMD’s ability to provide rainfall and
crop conditions assessments at spatial scales at which decisions
are actually made.

Following participation in our training sessions, ZMD now
provides seasonal rainfall monitoring assessments based on
CHIRPS and provides rainfall outlook assessments based on
CHIRPS-GEFS (Figure 7). ZMD is able to provide rainfall
monitoring and outlook assessments at the spatial scale of small
regions including districts where there are no rain gauges.

In preparation of this manuscript, we followed up with the
participant from the ZMD to assess the impacts of the novel
forecast products described above, and they informed us that
“The decisions were improved because the farmers are now using
the 10-day weather forecast in [their] planning and management
of crops. Even the public at large is making use of these daily, 5-
and-10-days weather forecasts because of the improvements in
accuracy. For example, if insurance companies were to inquire
on rainfall received in a certain farm, ZMD would use the

FIGURE 6 | Climate vulnerability maps developed to support resilience building activities in Kenya’s northern rangelands (Left) and Tanzania’s river basins (Right).

FIGURE 7 | Example of enhanced environmental services by ZMD, as shown in January 2019 crop weather bulletin, following the third training in Lusaka, Zambia. (A)

10 days rainfall forecast amount (B) 10 days rainfall forecast anomaly.
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information from EWX to give them before a payout would be
given, if at all, there is some destruction caused by rainfall.”

Southern Africa Development Community
(SADC)’s Climate Service Center (CSC)
The SADC Climate Services Center (SADC-CSC, https://www.
sadc.int/sadc-secretariat/services-centres/climate-services-
centre/) provides operational monitoring and forecasting
of climate extremes in the region of Southern Africa. The
meteorological, environmental, and hydro-meteorological
products that the Center produces contribute to improved
disaster risk management in the region, and mitigate the
adverse impacts of climate extremes. Typical end users of these
products include National Meteorological services in the SADC
region, international cooperating partners who are active in
the SADC region (e.g., WFP, FAO, etc.), and international
non-governmental organizations (e.g., the Red Cross).

In order to provide the monitoring and forecasting products,
the CSC needed to gain routine access to ground station data
from SADC Member States, which doesn’t frequently occur.
Moreover, the Center relies on GFS, ECMWF, and UKMO
models to forecast climate extremes and, specifically, heavy rain
and heatwave alerts. Yet it has no access to the hindcast data from
these models.

Climatologists of the CSC who participated in our training
sessions helped the CSC fill some of these gaps, and aiding
CSC’s mandate of providing climate information to decision-
makers. For example, now through EWX, the CSC has regular
access to the CHIRPS data, allowing it to generate monthly
and seasonal rainfall assessments and disseminate information
through bulletins. Using CHIRPS, the CSC also generated
historical climate extreme indices (CDD, CWD, R10mm,
R20mm, R1 day, and R5 days) for the SADC region, which
helps it conduct climate vulnerability mapping in the region.
Furthermore, as a result of the training sessions, CSC is now
producing 2-week dry and wet spell bulletins using the CHIRPS-
GEFS data (Figure 8). Finally, the CSC is using the CHIRPS data
to downscale the seasonal forecast from the North American
Multimodel Ensemble (NMME).

The National Food Security Division of
Tanzania Ministry of Agriculture
The National Food Security Division (NFSD, https://www.
kilimo.go.tz/index.php/en/about/national-food-security-
division) in the Tanzania Ministry of Agriculture compiles a
National Food Security Bulletin for Tanzania. After a series of
trainings and introduction to the Global Agriculture Monitoring
System (GLAM) for East Africa to assess vegetation and crop

FIGURE 8 | Example of enhanced environmental services by SADC-CSC, as shown in February 2019 bulletin, following the third training in Lusaka, Zambia. Rainfall

forecasts for the first dekad of February, 2019 in terms of rainfall amount (left) and Standardized Precipitation Index (SPI).
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conditions, and the development of the Tanzania National
Crop Monitor System (https://cropmonitor.org/interfaces/
agrisense/login.php), the NFSD has been taking full advantage
of EOs in monitoring agriculture across the country. However,
until recently, they were relying on the weather data and
summary reports from the agrometeorological bulletins from
the Tanzania Meteorological Agency (TMA). Although these
bulletins provided synoptic information on rainfall distribution
and implications in the agriculture sector, the maps and data
in the report are not usable for any further in-depth analysis
for a specific small-scale region. For example, due to the static
nature of the data and map provided through TMA, they are
not usable or practical for monitoring and examining rainfall
at a district level or at any other specific domain. NFSD needed
access to data (not just the maps) to support their operational
and routine analysis to inform the NDVI-based crop conditions
assessments done in the GLAM system. The combination of
NDVI and rainfall information at a district-level, plus additional
field information are then combined to make the final assessment
in the Tanzania Crop Monitor.

The fourth training in Dar Es Salam was a unique opportunity
to address the need to access near real-time rainfall data for
NFSD’s needs. After the week of this introduction to EWX,
which also included a refresher on making crop assessments with
the GLAM system and the Tanzania Crop Monitor, the NFSD
team immediately applied the newly gained skills to improve
Tanzania national-level food insecurity bulletins. EWX allows
NFSD to extract and process real-time rainfall data sets for
specific regions and districts to analyze the spatial variability of
drought (Figure 9A). The use of EWX also allowed NFSD to
access rainfall weather forecasts and now include an additional
section on forecast in the food insecurity bulletin. They now
use EWX products as part of their monthly routine reporting,
including a detailed assessment of regions of concern.

Finally, access to EWX has enabled more accurate assessment
in the Tanzania Crop Monitor. For example, the 30th April 2019,
Crop Monitor Synthesis map (Figure 9B) clearly considered
the seasonal rainfall monitoring in the preceding month and
provided clear evidence of poor conditions in both Arusha and
Kilimanjaro Region (in red Figure 9B)—the watch conditions
for most of northeastern Tanzania. Both Arusha and Kirlimajoro
received between −15 and −50mm of rainfall compared to the
long-term averages during March and April at the start of the
Masika rains and planting season for the regions.

CONCLUDING REMARKS

Major advancements have been made in the development of
global and regional EOs. These EOs are helpful to climate
vulnerability mapping (using historical data), as well as
real-time monitoring. The EOs can thus support improved
decision-making and are crucial in managing environmental
resources (such as water, energy, and agriculture) and mitigating
climate-related environmental disasters such as floods and
droughts. Nonetheless, despite the existence of several EOs,
their operational applications, particularly in climate vulnerable

and rapidly developing regions of E & SA, have been limited.
Here, we describe the capacity-building efforts undertaken by a
recently concluded NASA and USAID’s SERVIR AST program-
supported project that tackled this existing challenge with
the goal of enhancing environmental services in this region
by integrating EOs. Two main avenues to meet this goal
were (a) transfer of technology, mainly a web service (EWX)
to easily access, process, and visualize commonly used EOs
to RCMRD and (b) capacity training sessions conducted in
the region.

By the end of the second year of this project, the EWX was
implemented at the RCMRD, allowing RCMRD to be among the
primary providers of widely used global EOs (such as CHIRPS,
eModis) in the region. This technology transfer will also allow
RCMRD to serve any of the other regional EOs (that focus on part
of this region) in a similarly consistent manner, as well as provide
the EOs for political (e.g., district) and environmental boundary
polygons (e.g., small watersheds) suited for different applications
that are currently unavailable through the USGS’s version of the
EWX. The Google Analytics-based usage data indicate regular
access to the RCMRD’s EWX, where a majority of the users are
from within the region.

The capacity-training efforts included four trainings
conducted during the project. Each of the training locations
and participants were strategically chosen to reach participants
from as many diverse environmental agencies and geographical
locations as possible. Each of the trainings followed a pre-
assessment of the participants to better understand their
familiarity with the EOs, their level of EO access, and their
existing needs and challenges. The pre-assessment responses,
as well as the training educators’ research experience, guided
the training content. At times, external educators were invited
to provide greater emphasis on selected training modules
(such as index insurance, GEOGLAM crop monitoring, and
hydrologic modeling). After the second training, a pool of about
10 “champion” participants was selected to be invited to the
last two trainings to ensure that participants who are active and
engaged benefit from repeated, in-depth training experiences,
and hence are more likely to apply EOs to improve respective
environmental services. Each of the training sessions were
also followed by evaluations and feedback from participants
to examine the effectiveness of the training, and to make
necessary changes in the future training modules and structure.
Implementing these training best practices helped ensure uptake
and sustainability.

Through the participants’ general feedback and four specific
examples of enhanced environmental agencies presented here, it
is clear that these capacity-building efforts have thus far resulted
in positive outcomes and helped enhance the uptake of EOs
to improve environmental services’ ability to support decision-
making. Some of those specific cases have been described in
section Examples of Enhanced Environmental Services. With
time, there may be more such examples, as well as clear
instances of more well-informed decisions due to improved
environmental services. Although these specific examples are
encouraging, it is also clear that much more needs to be done to
expand the extent of the improvement in environmental services
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FIGURE 9 | Example of enhanced environmental services by NFSD of Tanzania MoA, as shown in the April 2019 bulletin, following the fourth training in Dar Es Salam.

(A) Seasonal rainfall monitoring and (B) Tanzania Crop Monitor Synthesis Report for April 2019.

across the region. This will require scaling up capacity-building
efforts, similar to what is described here, across the region
over the long term. Based on the experience gained through

the capacity-building efforts of this project, the following are
our recommendations on primary ways EO applications can be
enhanced in the region.
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Routine and Sustained Engagement With
the Environmental Service Providers Is
Critical
Routine and sustained engagement with the representatives
of environmental service provider agencies in the region is
important to enhance the application of EOs (Frankel-Reed,
2018). Engagement of the EO researchers with the environmental
service providers ensures that the researchers are familiar with
the changing needs of the service providers, which can help
researchers improve the EOs and/or access to EOs to better meet
the needs of the providers. The engagement also makes sure
that providers are aware of the cutting-edge EO developments,
which can lead them to improve the types and resolution of the
environmental services based on the advancements in the EOs.
Regular engagement is also needed to facilitate the “train-the-
trainer” approach by developing the representative providers into
training educators to their colleagues at those agencies, as well as
end users.

Web Services for Dynamic and Easier
Access to EOs, and Tools to Transform
EOs Into Information Are Needed
The environmental service providers need EO maps, as well as
underline data to allow them to do further and targeted analysis.
The resolution (both spatial and temporal) at which the EOs
are needed, varies based on the applications. For example, in
some cases, EOs are needed at pixel scale (e.g., for comparison
with in situ data or to drive crop and hydrologic models) and
in some other cases, they are needed at administrative zone
scale (e.g., for broadly accessing food insecurity conditions).
In this regard, web services where the provider can upload
their own desired polygons for extracting EOs can be very
useful. This is a feature offered in SERVIR’s ClimateSERV. Web
services providing dynamic access to EOs allows the providers
to convert the EOs into relevant information for the decision-
makers. Tools and skills are also needed to convert EOs into
information; for example, tools that can provide crop yield
estimates based on rainfall estimates would be highly useful.
In this case, rainfall is an EO (i.e., data) and crop yield
estimates are information that decision-makers can directly use
in their work.

Development of Finer Spatial and Temporal
Resolution EOs and Validation of EOs Is
Needed
Often, the providers indicate that the resolution of the EOs
is too coarse for their needs, especially if they are to be used
in conjunction with in situ observations. The providers also
indicate that more validation is needed to develop further
trust in the EOs, as well as help modify institutional protocols
that only allow them to use in situ observations, which
often serve as the best representation of the ground truth.
Further clarification and analysis on how EOs correspond with
information needed for decision-making (e.g., how NDVI relates
to crop yield) is also needed for enhancing EO applications in
the region.

Finally, we are optimistic about the sustained positive impact
of this project, primarily due to the close collaboration with
RCMRD. As a prominent environmental service provider in the
region and is mandated to provide their services to 20 countries
in the region. Leveraging from RCMRD’s existing environmental
service capacity, their long experience in capacity building in the
region (including and beyond the extent of this AST project), and
extensive network of regional partners, are crucial for ensuring
sustaining impact. As described in greater detail in section
Regional Center for Mapping of Resources for Development
(RCMRD), this project helped further and continue RCMRD’s
efforts in (i) responding to various environmental services needs
through enhanced access to advanced EOs, and (ii) capacity
building as requested by regional stakeholders. Such examples
bolster the hope of sustained enhancement of EOs’ uptake in
the region and hence, improved environmental decision-making.
It is important to recognize that future efforts will be needed
to scale up and further enhance the uptake of EOs in decision-
making in the region. Through the efforts described here, we
were able to show specific examples of success in the uptake of
EOs, and similar efforts over a long-term should be helpful in the
large-scale uptake of EOs in the region. We hope that the lessons
learned and recommendations made from the efforts described
here will prove helpful for any future efforts of enhancing the
uptake of EOs in supporting decision-making.
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