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National Meteorological and Hydrological Services (NMHS) provide weather 
and climate information, which supports various socio-economic sectors. The 
Ethiopian Meteorological Institute (EMI) has been providing essential meteorological 
data, forecasts, and services in support of the climate-sensitive sectors such as 
agriculture, water resource management, disaster risk reduction, public health, 
and energy among others. EMI has a long history in weather and climate services, 
with the first meteorological station established in 1890. The institute has made 
steady progress over the last seven decades. It has expanded its meteorological 
observation network, improved its weather and climate forecast at different 
time scales, has made strides in enhancing the generation and dissemination of 
climate information products, strengthened engagement with users, and made 
concerted efforts to develop its infrastructure and skilled manpower. Despite the 
strides it has made, EMI has faced notable challenges, which is shared with many 
African NMHSs, such as financial constraints, technical limitations, inadequate 
infrastructure, and shortages of skilled personnel. Despite the challenges, EMI has 
made some progress in enhancing its services, which is possible mainly because 
of continued government support. Even though Ethiopia is among economically 
weak countries, the government has continued providing sustained support to 
EMI. This paper examines the evolution, progress, challenges, and opportunities 
associated with weather and climate service in Ethiopia. By sharing lessons learned 
from Ethiopia’s experiences, this study provides insights into the broader role of 
NMHS in Africa and their contribution to sustainable development and disaster 
risk management.
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1 Introduction

Weather and climate services encompass the collection of meteorological and related data 
and the delivery of climate and climate-related information to support decision-making and 
the local community at large at both individual and institutional levels. These services include 
providing insights on past, current, and future climate conditions, as well as the occurrence 
and potential impacts of significant weather and climate extremes (World Meteorological 
Organization, 2015; Hewitt et al., 2012). National Meteorological and Hydrological Services 
(NMHSs) worldwide primarily carry out these functions, playing a crucial role in promoting 
sustainable development and enhancing the wellbeing of nations (Vaughan et al., 2018; Jones 
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et al., 2015; World Meteorological Organization, 2015; Lee and Hilda, 
2010; Frei, 2009).

NMHSs also support countries in building resilience to climate 
variabilities by integrating weather and climate insights into various 
sectors, especially important for developing countries highly 
vulnerable to climate extremes. Timely and precise weather and 
climate information provided by NMHSs supports a wide range of 
sectors. For instance, it enhances agricultural productivity, aids in 
water resource management, mitigates disaster risks, safeguards public 
health, and supports energy generation (Dobardzi et  al., 2019; 
Makuvaro et al., 2023; Anderson et al., 2015; Hewitt et al., 2012). 
NMHSs also provide valuable real-time services for the safety of air 
navigation (ICAO, 2013). Moreover, NMHSs are indispensable for 
building climate resilience and facilitating adaptation to climate 
change. By incorporating weather and climate information into 
climate-sensitive sectors, NMHSs help ensure that development 
initiatives are sustainable and climate-informed. This is particularly 
vital for developing countries, which face significant challenges from 
climate variability and extremes and often have limited capacity to 
manage associated risks and adapt to changing conditions (Jones et al., 
2015; Wilby et al., 2009). Although estimating the total benefits of 
services provided by NMHSs can be complex (Frei, 2009; Tesfaye 
et al., 2019), studies have suggested a benefit–cost ratio ranging from 
4:1 to 36:1 (Soares et al., 2018; Hallegatte, 2012).

Climate variability and change have had significant impacts in 
Ethiopia, where approximately 63% of the population—about 
80 million people—rely on agriculture for their livelihoods (World 
Bank, 2024). Climate extremes, particularly drought, have led to 
widespread crop failure, forage and water shortages, and the deaths of 
livestock in pastoralist communities. These impacts have resulted in 
hunger affecting millions and a recurring need for emergency food aid 
averaging $1.1 billion annually (Mera, 2018). Moreover, even in the 
absence of extreme events, shifts in seasonality such as the timing of 
the rainy season’s onset, cessation, and duration (Wakjira et al., 2021) 
underscore the necessity of climate information to support agricultural 
planning in Ethiopia.

The Ethiopian Meteorological Institute (EMI) plays an essential 
role in providing meteorological data, forecasts, and services that 
contribute significantly to sectors such as air navigation, agriculture, 
water resource management, disaster risk management and reduction, 
public health, and renewable energy generation (Grossi and Dinku, 
2021; Vaughan and Dessai, 2014). The climate information 
disseminated by EMI supports decision-making processes that aim to 
promote sustainable development, strengthen disaster risk 
management, and safeguard lives and livelihoods (Malakar et  al., 
2024). As Ethiopia continues to contend with the impacts of climate 
variability and change, the value of EMI’s services is expected to grow, 
emphasizing the importance of strengthening meteorological 
infrastructure and investing in capacity-building initiatives.

EMI’s history dates back to the late-19th century, with its first 
meteorological station (Adami Tullu) established in 1890. Since then, 
EMI has significantly expanded its observational network to include 
both automatic and manual surface and upper air observation stations, 
as well as radar systems. Notably, EMI was the first NMHS in Africa 
to begin seasonal climate predictions in 1987 (Korecha and Sorteberg, 
2013). EMI has also advanced in generating and disseminating climate 
information through innovative tools, such as its online portal known 
as the Map room (Nsengiyumva et  al., 2021), which provides 

interactive access to a range of climate information products. The 
institute has been supporting the integration of weather and climate 
services into various key sectors, including agriculture, water, health, 
and disaster risk management (Tesfaye et al., 2019). One of EMI’s 
notable successes has been its support of the national disaster 
management committee, actively participating in multi-sectoral 
meetings chaired by Ethiopia’s Deputy Prime Minister. EMI’s long-
standing full government support has contributed to its steady growth, 
allowing for improvements in infrastructure and service delivery.

Despite its progress, EMI, like many NMHSs in developing 
countries, particularly in Africa, faces significant challenges. These 
include limited financial resources, inadequate infrastructure, and the 
need for enhanced technical capacity (Rogers and Tsirkunov, 2023; 
Ozor et al., 2021; Meque et al., 2021). However, there are promising 
opportunities for further development, such as leveraging 
international partnerships, embracing new technologies, and 
strengthening regional collaborations.

EMI exemplifies a typical African NMHS in its structure, core 
functions, and the type of communities it serves. It also shares the 
operational challenges with other African NMHSs, such as budget 
limitations, skilled manpower, technology gaps, and high operational 
demands that cannot be met with available resources.

One distinguishing aspect of EMI, that other NMHS can learn 
from, is its sustained government support, which sets it apart from 
many other African NMHSs that struggle to secure consistent 
funding. Table  1 shows the recurrent and capital budget that the 
government has provided to EMI over the last 10 years. While 
numerous African meteorological services face limited government 
investment (Ozor et al., 2021; Meque et al., 2021; Hansen et al., 2019), 
EMI has benefited from continuous support exemplifying how such 
backing can significantly enhance an NMHS’s operational 
effectiveness, particularly in contexts with financial or logistical 
challenges. One factor that has helped EMI in gaining trust from the 
government is Ethiopia’s recurring droughts that underscored the 
critical role of early warning systems in mitigating climate-related 
risks, particularly through seasonal climate forecasting. EMI’s 
contributions to early warning systems in Ethiopia have solidified its 

TABLE 1 The Ethiopian Meteorological Institute (EMI) annual budget (in 
Ethiopian Birr) as allocated by the government for the past 10 
consecutive years.

Budget 
year

Recurrent 
budget

Capital 
budget

Total budget

2015 54,276,000.00 58,650,000.00 112,926,000.00

2016 60,000,000.00 60,000,000.00 120,000,000.00

2017 75,000,000.00 60,000,000.00 135,000,000.00

2018 73,037,000.00 56,548,000.00 129,585,000.00

2019 90,319,072.22 55,280,000.00 145,599,072.22

2020 123,540,000.00 562,278,046.00 685,818,046.00

2021 114,148,500.00 648,825,000.00 762,973,500.00

2022 116,999,500.00 735,818,050.00 852,817,550.00

2023 120,909,689.00 865,818,000.00 986,727,689.00

2024 124,065,000.00 1,202,890,000.00 1,326,955,000.00

The significant increase in capital budget starting 2020 is because of investment in new EMI 
office complex.
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value and relevance, encouraging government investment in its 
continued operation.

Additionally, EMI’s early adoption of seasonal climate 
prediction in 1987 and the Enhancing National Climate Services 
(ENACTS) approach (Dinku et al., 2022; Dinku et al., 2018) in 
2012, set a precedent in Africa. The early adoption of seasonal 
forecasts, nearly a decade ahead of many other NMHS and 
regional climate prediction centers (for instance, Drought 
Monitoring Center based in Nairobi, which was the predecessor 
of IGAD climate prediction and Application center (ICPAC), 
issued the first Climate Outlook in 1998; ICPAC, 2023) in the 
region, highlights EMI’s forward-thinking approach to climate 
prediction and its recognition of the value of seasonal forecasts for 
critical sectors, such as agriculture and water 
resources management.

Implementation of the Enhancing National Climate Services 
(ENACTS) initiative represents a transformative approach to climate 
data accessibility and usability in Ethiopia. By developing high-
resolution, spatially and temporally complete climate datasets, EMI 
has enabled access to reliable, high-quality climate information at local 
scales, which is essential for effective decision-making in various 
sectors. ENACTS empowers diverse users with tailored climate 
products, including visualizations through online Map rooms 
(Nsengiyumva et al., 2021).

EMI’s over 70 years of continuous service provide valuable lessons 
that can be shared with other NMHSs in Africa and beyond. Through 
an analysis of EMI’s structure, functions, and growth trajectory, the 
paper offers readers a broader understanding of how NMHSs operate 
and the challenges they face across the African continent. It not only 
delves into EMI’s unique achievements but also provides a comparative 
perspective on the structure, challenges, and importance of NMHSs 
across Africa. It underscores the essential functions these institutions 
serve in climate-sensitive sectors, making it a valuable resource for 
understanding the broader role of meteorological services across 
the continent.

The insights shared here come from the experiences and first-
hand knowledge of current employee (first authors) and two former 
employees (second and third authors) of EMI. It also includes some 
lessons learnt from recent surveys that targeted 184 government 
officials, 300 sectoral experts, and 159 EMI staff from across 
the country.

This paper seeks to explore and address the following three 
key questions:

 i What progress has EMI made over the past seven decades in 
the generation, dissemination, and application of weather 
and climate information in Ethiopia? This includes an 
examination of how EMI has evolved in terms of technical 
capacity, infrastructure, and institutional partnerships, as well 
as the extent to which its services have supported climate-
sensitive sectors such as agriculture, water resources, health, 
disaster risk management, and energy.

 ii What have been the major challenges faced by EMI 
throughout its history? This involves analyzing both historical 
and contemporary challenges, including issues related to 
funding, institutional capacity, technological limitations, 
engagement with end-users, and the integration of climate 
information into national and local decision-making processes.

 iii What does the future hold for EMI, and what opportunities 
exist for strengthening weather and climate information in 
Ethiopia? This includes an exploration of emerging 
opportunities for EMI to expand and enhance its services.

The paper begins with an overview of the history of weather and 
climate services in Ethiopia and the services provided (Sections 2 and 
3). It then discusses the progress made and challenges faced (Sections 
4 and 5), and concludes with a look at future opportunities (Section 
6). The final section (Section 7) summarizes the findings and provides 
recommendations for enhancing climate services.

2 A short history of weather and 
climate services in Ethiopia

The collection of meteorological data in Ethiopia began in 1890 
with the establishment of two observation stations (Adamitullu and 
Gambella). At the turn of the 20th century, additional meteorological 
stations were set up across central, northern, and southwestern 
Ethiopia. Preliminary meteorological activities were conducted 
between 1946 and 1949, primarily for the purpose of desert locust 
monitoring. The expansion of meteorological stations accelerated in 
the mid-1950s (Figure 1) as the significance of weather information 
for the aviation sector became evident. This recognition led to the 
creation of Ethiopian Meteorological Services as a small unit under 
the Ethiopian Civil Aviation Authority in 1951, which grew to the 
status of a department by 1971. Over time, the department broadened 
its focus to provide services to other critical sectors, including water 
resources and agriculture. This progression ultimately resulted in the 
formation of the National Meteorological Services Agency (NMSA) 
under the then Water Resources Commission of Ethiopia in 1980.

The 1980 proclamation formally established NMSA as the principal 
agency responsible for all meteorological observations and forecasting 
in Ethiopia. The primary mandate of NMSA included the provision of 
meteorological and climate services, conducting meteorological 
research and studies, offering training and advisory services, and 
fulfilling Ethiopia’s international obligations related to meteorology.

At its inception in 1980, NMSA was structured into five 
operational departments, each responsible for specific functions:

 i) Basic Meteorological Services: responsible for meteorological 
instruments, radio communication, calibration, and 
maintenance of meteorological equipment;

 ii) Data and Computer Department: tasked with centralized data 
archiving, quality control, data management, and 
computational services;

 iii) Research and Studies: focused on meteorological training, 
research, satellite observations, climate change studies, and 
maintaining a meteorological library;

 iv) Meteorological Forecast: in charge of short, medium, and long-
range weather forecasting, public weather services, and early 
warning systems;

 v) Operational Meteorology: provides specialized services in agro 
meteorology, hydrometeorology, and aviation meteorology.

To facilitate regional coordination and service delivery, 
sub-national (zonal) meteorological offices were also established in 

https://doi.org/10.3389/fclim.2025.1551188
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Tola et al. 10.3389/fclim.2025.1551188

Frontiers in Climate 04 frontiersin.org

various parts of the country, including Central (Addis Ababa), 
Northeast (Kombolcha), Northwestern (Bahirdar), Western (Jimma), 
and Southern (Hawassa) parts of the country. These offices were 
responsible for the establishment of stations, data collection, station 
inspection, instrument calibration and maintenance.

In 2006, following the then national election and government 
restructure government’s decision and some institutional 
restructuring, NMSA changed its name to National Meteorological 
Agency (NMA) without any changes to its roles and responsibilities. 
Then in 2021, as part of broader government reforms, the National 
Meteorological Agency was restructured and renamed as the 
Ethiopian Meteorological Institute (EMI). This latest restructuring is 
aimed at enhancing the range and quality of meteorological services 
provided, with a renewed focus on education, training, and research 
related to meteorology. This evolution reflects the country’s 
commitment to strengthening its meteorological capabilities to meet 
the increasing demand for accurate and timely weather and climate 
information and support sustainable development and disaster 
risk management.

3 Major function of the Ethiopian 
Meteorological Institute

3.1 Meteorological observations

The Ethiopian Meteorological Institute (EMI) is mandated to 
establish and operate a national observation network of meteorological 
stations. It is responsible for archiving and disseminating 
meteorological data, as well as exchanging meteorological data in 
accordance with international agreements to which Ethiopia is a party. 

While other institutions may collect meteorological data for their own 
use, they are required to obtain EMI’s approval for such activities. 
Currently, EMI administers both manual and Automatic Weather 
Stations (AWS) throughout the country. The network includes various 
types of meteorological stations: synoptic and first-class stations that 
measure 13 meteorological parameters. Synoptic stations are used for 
international data exchange in accordance with World Meteorological 
Organization (WMO) standards. The data collected from these 
stations support routine weather monitoring and public weather 
briefings. Observations are typically conducted at 3-h intervals over a 
24-h period, as recommended. However, National Meteorological and 
Hydrological Services (NMHS) are not obligated to share data 
collected from first-class stations. Third-class stations measure 
temperature and rainfall, and fourth-class stations that measure only 
rainfall (Figure 2).

Additionally, EMI operates a range of observation platforms, such 
as Automatic Weather Stations (AWS), which are installed at various 
geographical locations. In contrast Automatic Weather Observing 
Systems (AWOS) are installed in air ports for aviation services only, 
weather radar, upper-air observation stations, air pollution monitoring 
stations, and lightning detection systems. Automatic Weather Stations 
collect and transmit meteorological data every 15 min from locations 
across the country. AWOS are primarily used for aviation services, 
enhancing safety in air transport. Weather radars play a crucial role in 
monitoring severe weather conditions, particularly around airports, 
and are used for rainfall estimation and flash flood forecasting. 
Upper-air observation stations gather data on various weather 
elements from the ground up to approximately 30 km into the 
atmosphere. Air pollution monitoring stations track different 
pollutants, while lightning detection systems, part of EMI’s remote 
sensing capabilities, are used to detect and monitor lightning activity.

FIGURE 1

Number of conventional meteorological stations reporting data for each year between 1951 and 2024 in Ethiopia.
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3.2 Forecasting and early warning

EMI is tasked with providing meteorological forecasts, early 
warnings, and advisory services to address adverse weather conditions, 
flash floods, droughts, air pollution, and climate change. The forecasts 
produced by EMI are issued at varying lead times that include short-
term forecasts (up to 3 days), medium-range forecasts (3–10 days), 
and long-range forecasts (10 days to seasonal outlooks). These 
forecasts are disseminated to the public through electronic and print 
media, the National Climate Outlook Forums (NCOF), and platforms 
such as the National Disaster Risk Management Council and the Basin 
Management Council, as well as through other government channels.

3.3 Applied meteorology

Applied meteorology focuses on delivering weather and climate 
services tailored to key economic sectors in Ethiopia. These include 
agrometeorology for the agricultural sector, hydrometeorology for the 
water and energy sectors, biometeorology for the health sector, and 
civil aviation meteorology for air transport navigation. For the 
agricultural sector, EMI provides advisory services designed to 
enhance productivity. These weather and climate information and 
advisories are very useful for the critical periods such as sowing, 
weeding, pesticide application, and harvesting. Hydrometeorological 
services support water resource management and energy generation, 
drawing on historical data as well as short, medium, and long-term 

forecasts. These services are especially vital for organizations such as 
the Ministry of Water and Energy, Ethiopian Electric Corporation 
(EEC), Ethiopian Electric Power (EEP), and dam monitoring and 
flood management authorities. For the health sector, EMI offers 
advisories to help monitor vector-borne diseases like malaria and 
water-borne illnesses. The civil aviation meteorology services provided 
by EMI ensure the safety of flights during takeoff, enroute, and landing.

3.4 Research and training

EMI conducts research aimed at enhancing operational 
meteorological services, advancing weather and climate science, and 
supporting climate change adaptation and mitigation. As a research 
institute, EMI has increased its focus on producing high-quality 
research outputs. In collaboration with the Ethiopian Meteorological 
Society (EtMS), EMI has established a joint research journal to share 
findings with the scientific community. The current career structure 
at EMI encourages its staff to publish in international journals, which 
supports their promotion from one professional level to the next.

EMI also provides both short-term and long-term training 
programs to build capacity among its staff. Training areas include 
meteorological observations, instrument installation, calibration, and 
maintenance, and weather forecasting. For over 40 years, EMI has 
conducted one-year training programs for meteorological observer 
technicians and meteorological forecasters. Capacity-building training 
extends to meteorological forecasting and applied meteorology.

FIGURE 2

Distribution of conventional and automatic meteorological stations in Ethiopia. The background shows elevation in meters.
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3.5 Services and outreach

Weather and climate data are fundamental to climate risk 
management across all climate-sensitive sectors, making these 
services a core aspect of EMI’s mission. The weather and climate data 
collected by EMI underpin a range of services, from raw climate data 
for research and academic purposes to detailed advisories for 
farmers, decision-makers, and government officials. EMI’s forecasts 
play a crucial role in formulating advisories that assist decision-
makers and communities at the grassroots level. Dissemination of 
climate information products occurs through various channels, 
including the media, its webpage, governmental bodies (such as the 
Ethiopian Disaster Risk Management Commission, Basin 
Management Council, Ministry of Agriculture, and Ministry of 
Health), and participants of the National Climate Outlook 
Forum (NCOF).

3.6 Current EMI structure

To enhance service delivery and reach a broader audience, EMI’s 
current organizational structure is divided into two main wings led 
by Deputy Director Generals. The Basic Meteorological Observation 
wing manages meteorological instruments and infrastructure, data 
and climatology, research, education and training, and oversees the 
coordination of 11 Regional Meteorological Services Centers were 
located in Ethiopia which are Tigray, Afar. Weast Amahara, East 
Amhara East Oromia, Central Oromia, Western Oromia, southern 
Oromia, Benushangul Gumuz, Gambella, Somali, and Sidama. 
Decentralization is essential to ensure that weather and climate 
services are accessible to as many of Ethiopia’s over 120  million 
citizens as possible. To support this goal, EMI has established 11 
RMSCs that deliver meteorological advisory services at the local level. 
These regional centers are structured similar to EMI’s headquarters 
but with more emphasis on data collection and local-level weather 
and climate services provision. The Meteorological Forecast and 
Advisory Services wing is responsible for forecasting and early 
warning, integrated sector-specific services such as agrometeorology, 
hydrometeorology, biometeorology, aviation services, and climate 
change management.

4 Progresses in weather and climate 
services in Ethiopia

Over the past seven decades, weather and climate services in 
Ethiopia have shown remarkable progress. The EMI has witnessed 
significant growth in its meteorological observation network, with 
an increased number of both conventional and automated weather 
stations. Advances have also been made in the areas of meteorological 
forecasting, early warning and advisory services, human resource 
development, infrastructure enhancement, international 
cooperation, the creation of a more conducive working environment, 
and the decentralization of service provision through the 
establishment of Regional Meteorological Services Centers (RMSCs). 
The following sections provide a detailed overview of 
these advancements.

4.1 Meteorological observation

One of the most notable achievements in Ethiopia’s weather and 
climate services has been the development and expansion of its 
meteorological infrastructure. The Ethiopian government has 
demonstrated strong commitment by allocating resources for the 
improvement of meteorological services. Additionally, EMI has 
received substantial support from regional and international 
development partners, which has bolstered efforts to expand its 
observation network. Most of the historical meteorological and agro-
climate databases at have been fully digitized, though a significant 
portion still requires data rescue. All archived EMI data up to 2020 
have been photographed and scanned.

Currently, EMI manages 209 synoptic and first-class stations, 826 
third-class stations, and 337 fourth-class stations, totaling 1,372 
manual meteorological stations (Figure 2). The modernization of the 
observation network has also been prioritized, with rapid increase of 
Automatic Weather Stations (AWS) over the last 10 years (Figure 3). 
To support aviation, Automatic Weather Observing Systems (AWOS) 
have been installed at 18 domestic and four international airports. 
EMI also operates two upper air observation stations, three air 
pollution monitoring stations, and 13 satellite receiving ground 
stations at EMI’s HQ and RMSCs.

The installation of four weather radars is expected to strengthen 
EMI’s capability to monitor extreme weather events and short-lived 
meteorological hazards. The first radar was installed in northern 
Ethiopia at Shawura (Northwest Amhara Regional State) in 2012. The 
second C-band Dual Polarization Doppler weather radar is currently 
being installed at Enewari (North Shoa, Amhara). The remaining two 
radars, proposed for installation at Mako (Oromia) and Demboya 
(Central Ethiopia), are also undergoing installation. Together, these 
radars provide coverage for most parts of the country that receive over 
750 mm of annual rainfall (Figure  4). This shows significant 
government and partner support in enhancing the meteorological 
observation network in Ethiopia.

Despite managing over 1,372 manned stations and nearly 300 
AWS, there remain regions without sufficient coverage (Figure 2). To 
address this, EMI has implemented the Enhancing National Climate 
Services (ENACTS) approach (Dinku et al., 2022; Grossi and Dinku, 
2022), which has enabled the generation of temporally and spatially 
complete rainfall and temperature time series dating back to 1981. 
This is accomplished by combining quality-controlled data from 
national observation networks with satellite estimates for rainfall and 
climate model reanalysis products for temperature (Dinku et  al., 
2022). The Climate Data Tool (CDT, Dinku et al., 2022) is used to 
perform these tasks. The result is fostering the availability and 
accessibility of over 40 years of rainfall and temperature time series at 
4 km spatial resolutions (Figure 5). These datasets have substantially 
enhanced EMI’s capability for climate analyses, monitoring weather 
patterns, and providing more location-specific weather and 
climate forecasts.

4.2 Weather and climate forecasts

Weather and climate forecasts are the most widely recognized 
and utilized climate information products provided by EMI. This is 
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corroborated by the survey results gathered from both users (Table 2) 
and EMI staff (Table  3). More than 50% of the surveyed users 
identified weather and climate forecasting as EMI’s primary function, 
highlighting the significant reliance on and recognition of this 
service. Additionally, 45% of the users reported that they primarily 
use weather and climate forecasts issued by EMI, underscoring the 
central role these products play in meeting their information needs.

The perception of EMI’s primary mission is strongly aligned 
among its staff, with the majority emphasizing that the generation 

and dissemination of weather and climate forecasts constitute EMI’s 
core responsibility. This alignment between user expectations and 
institutional focus reflects the critical importance of weather and 
climate forecasts in supporting decision-making across various 
sectors, particularly those reliant on timely and accurate climate 
information for disaster risk management, agriculture productivity, 
and resource planning. However, the fact that both users and staff 
mention forecasting as the main function of EMI could also be a 
problem as it forecasts are a small part of what EMI actually offers.

FIGURE 3

Number of Automatic Weather Stations for each year from 2010 to 2020 in Ethiopia. These stations are not part of the stations shown in Figure 1, and 
represent efforts to expand and modernize the observing network.

FIGURE 4

Composite coverage of the four weather radars and lightening detection instrument cites. Background is long-term rainfall mean in mm for the June–
July–August–September (JJAS) season in Ethiopia.
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EMI has made considerable progress in weather forecasting at 
various lead times. Its forecasting services include short-range 
(now casting up to 72 h), medium-range (up to 10 days), and long-
range (monthly and seasonal predictions) forecasts. Advancements 
in forecasting have been facilitated by improved real-time 
observational data, advancements in meteorological science, and 
computational technology, and enhanced climate modeling skills 
at the global level. EMI utilizes outputs from global climate 
prediction centers as inputs for its models, resulting in more 
reliable forecasts. This has enabled EMI to use Numerical Weather 
Prediction (NWP) for forecasts from hours to 10 days (e.g., 
Figure 6A).

Ethiopia’s milestone in seasonal rainfall prediction was achieved 
in 1987, when it became the first African country to launch such 

predictions, and these capabilities have since evolved (Korecha and 
Sorteberg, 2013). EMI’s seasonal forecasts cover three seasons: June-
to-September Kiremt, October-to-January Bega, and February-
to-May Belg. Seasonal forecasts are presented in probabilistic formats 
as shown in Figure 6B.

Enhanced forecasting benefits sectors such as agriculture, 
water management, and disaster preparedness by enabling 
stakeholders to make informed decisions. Farmers can optimize 
planting and harvesting schedules, water managers can better 
allocate resources, and disaster response agencies can prepare 
more effectively.

4.3 Capacity development and training 
program

Capacity building has been a priority for EMI, supported by the 
government and international partners. EMI has conducted training 
programs, workshops, and conferences to improve the skills of 
meteorologists and climate scientists. Collaborations with universities 

FIGURE 5

Sample merged satellite rainfall estimates with station observation (A) and reanalysis product with station temperature observation (B) for Ethiopia.

TABLE 2 User survey responses (%) to two survey questions related EMI 
functions and what the user considers the most important information 
from EMI (number of respondents = 484).

Survey 
questions

EMI’s function/data 
information

Survey 
responses (%)

Which of the 

following EMI 

functions do 

you consider 

most 

important?

Weather observations 21

Weather forecast (Climate prediction) 51

Climate data analysis 17

Climate change projections 4

Climate change adaptation 7

What type of 

climate data/

information 

from EMI do 

you use the 

most?

Historical data 16

Real-time/current observations 17

Weather forecasts (1–10 days) 22

Seasonal forecast 23

Climate change projection 4

Combinations of the above (specify) 17

TABLE 3 EMI staff survey responses (%) related to the mission of EMI 
(number of respondents = 159).

Survey 
questions

EMI’s function/data 
information

Survey 
responses (%)

Which of the 

following 

describes the 

mission of EMI 

best?

Collect weather data 31

Generate and disseminate weather 

and climate forecasts

49

Support disaster risk reduction 7

Support sustainable development 

and resilience building

11

The questionnaire was filled out by meteorologists and other professionals with BSc and MSc 
degrees.
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and development partners have facilitated the enhancement of EMI’s 
technical and human resource capabilities.

EMI has signed a Memorandum of Understanding (MoU) with 
the Ethiopian Water Technology Institute (EWTI) to provide a 
postgraduate diploma program for first-degree holders in 
mathematics, physics, chemistry, and statistics. EMI has also partnered 
with Addis Ababa, Haramaya, Hawassa, Mekelle, and Adama 
universities to train staff in MSc programs focusing on 
agrometeorology, disaster risk management, climate change and 
environment, and climate modeling. Arba Minch University, which 
has been a longstanding partner in human resource development, has 
recently launched PhD programs in meteorology, and climate change 
and sustainable development programs recently.

EMI staff have also benefited from international fellowships and 
scholarship programs provided by United Nation Development 
Program (UNDP), the British Council, the Swedish government, the 
Korean International Cooperation Agency (KOICA), and WMO 
among many others. In the 1980s and 1990s, these programs 
supported advanced diploma training in meteorology, and more 
recently graduate programs in meteorological sciences at institutions 
like the UK Met Office, Reading University, India Meteorological 
Department (Pune), Institute of Meteorological Training and Research 
(Nairobi), Nairobi University, Nanjing University of Science and 
Technology in China and Wuhan Women University of south Korea. 
This has substantially increased the number of postgraduate degree 
holders at EMI. Between 2012 and 2024, the number of staff with MSc 
degrees has increased from just eight to 121, and eight staff members 
are currently pursuing PhD degrees.

Another significant capacity development initiative is the 
construction of a state-of-the-art complex, comprising 3 nine-story 
buildings, fully funded by the Ethiopian government. This 
ambitious project represents a major investment in the 
modernization and expansion of EMI’s infrastructure. Once 
completed, the facility is expected to serve as a cutting-edge hub for 
advancing weather and climate services in Ethiopia. The 
construction is anticipated to be finalized by mid-2025. These new 
buildings are designed to accommodate modern technologies, 
enhanced data processing capabilities, and improved facilities for 
research, forecasting, and dissemination of climate information. 

The complex will also provide a conducive environment for training 
and capacity building of EMI staff, fostering collaboration with 
local and international partners, and ensuring the institute is well-
equipped to meet the growing demand for accurate, timely, and 
actionable climate services.

4.4 Services and outreach

The advancements in EMI’s observation and forecasting 
capabilities have enabled it to provide enhanced services across the 
range of sectors, including agriculture, water management, health, and 
disaster risk management. In the field of agrometeorology, EMI 
delivers critical advisories on soil moisture conditions, crop water 
requirements, and the timing of agricultural activities, helping farmers 
optimize their practices and reduce risks associated with weather 
variability. Through hydrometeorology, EMI supports water resource 
management and energy production by supplying reliable rainfall data 
and forecast which enable sectors to monitor dam levels, river flows, 
and flood forecasts. These forecasts play a pivotal role in ensuring 
efficient water allocation, flood mitigation, and the sustainable 
operation of hydropower plants. In the area of biometeorology, EMI 
provides health-related forecasts and climate-driven risk assessments, 
such as monitoring and early warnings for malaria outbreaks and 
other climate-sensitive diseases. Furthermore, EMI’s contributions to 
disaster risk management have been critical. The institute supplies 
early warnings and impact-based forecasts that enable decision-
makers to prepare for and respond to climate-related hazards, 
including droughts, floods, and extreme weather events. These 
advancements align with Ethiopia’s broader Disaster Risk Management 
(DRM) roadmap and efforts to enhance climate resilience.

4.4.1 EMI’s web page
The EMI official website1 serves as a comprehensive resource for a 

wide range of users, providing valuable insights into the institute’s 

1 https://www.ethiomet.gov.et/

FIGURE 6

Short-range weather forecast product (A) and seasonal rainfall forecast presented as tercile probabilities (B).
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operations and its weather and climate services. The site features detailed 
information about EMI, including its history, mission, strategic goals, 
policies, and publicly available reports, offering transparency and 
fostering engagement with stakeholders. A notable highlight of the 
website is its extensive catalog of climate data and information products, 
designed to cater to diverse user needs. Many of these products, including 
bulletins and sub-seasonal and seasonal forecasts, are downloadable in 
PDF format. This feature ensures accessibility for users who may lack 
consistent internet access, such as farmers and rural communities. These 
documents can be easily shared offline, allowing information to reach a 
broader audience and facilitate decision-making at the grassroots level.

Additionally, the website is a critical platform for disseminating 
early warnings and impact-based forecasts that align with Ethiopia’s 
disaster risk management priorities. By providing timely and reliable 
information, EMI’s online presence supports the institute’s mission to 
enhance climate resilience and socio-economic development in Ethiopia.

4.4.2 Enhancing National Climate Services 
(ENACTS) in Ethiopia

A significant advance in climate services in Ethiopia has been the 
implementations of the Enhancing National Climate Services 
(ENACTS) approach in collaboration with the International Research 
Institute for Climate and Society (IRI), Columbia University. The 
ENACTS approaches strives to improve availability of climate data, 
access to usable climate information products, and the use of climate 
information products (Dinku et  al., 2022; Dinku et  al., 2018). It 
includes the development of an interactive climate information portal 

(Maproom) that has enhanced the accessibility and use of climate data 
(Nsengiyumva et al., 2021). The Maproom (Figure 7) features sections 
for analysis of historical data, monitoring the current season, 
anticipating the next season, as well as application-specific products 
for agriculture, health, water, and disaster risk management. These 
Maproom products offer user-friendly interfaces to analyze historical, 
current, and forecast climate data, supporting sectors such as 
agriculture, health, and disaster risk management in developing 
informed strategies. This feature positions EMI as a leader in providing 
customized, decision-relevant climate information that is critical for 
risk assessment, resilience building, and long-term planning 
across Ethiopia.

4.4.3 National Climate Outlook Forum
The EMI actively fosters stakeholder engagement through various 

platforms, including the National Climate Outlook Forums (NCOF). 
These fora are convened at the end of each season and serve as a 
critical mechanism for reviewing the previous season’s climate 
conditions and issuing outlooks for the upcoming season. The 
assessments and outlooks are comprehensive, addressing not only 
anticipated climate conditions but also their potential impacts on key 
climate-sensitive sectors such as agriculture, water resources, health, 
energy, and disaster risk management. The NCOFs bring together a 
wide range of participants, including policymakers, sectoral experts, 
practitioners, and representatives from government agencies, 
non-governmental organizations, and international development 
partners. These gatherings facilitate dialogue and collaboration, 

FIGURE 7

The ENACTS “maprooms” that provides online access to an array of climate information products for different applications in Ethiopia (http://www.
Ethiometmaprooms.gov.et:8082/maproom/).
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ensuring that climate information is tailored to meet the specific needs 
of different sectors. The seasonal assessments and outlooks generated 
during the forums are also disseminated to the general public through 
mass media channels, such as radio, television, printing, and 
social media.

In addition to the national-level fora, EMI organizes Regional 
Climate Outlook Forums (RCOF) at sub-national levels. These 
regional platforms are designed to address localized climate issues, 
making them particularly valuable for addressing the diverse climate 
risks faced by Ethiopia’s varied ecological zones. By focusing on 
regional contexts, RCOFs enable more targeted guidance and foster 
community-level resilience planning.

4.4.4 The national framework on climate services
In order to accommodate the increasing demand for its services, 

EMI has implemented the National Framework for Climate Services 
(NFCS) in 2021 with the main climate-sensitive sectors; namely 
Agriculture, Health, Disaster Management, Environment, Water, and 
Energy (NMA, 2021a). The national action plan document, signed by 
the respective ministers and commissioners, was launched in 
November 2021. This high-level endorsement underscores the 
government’s commitment to leveraging climate services to support 
national development goals and build resilience to climate variability 
and change.

4.4.5 Sectoral task forces
The EMI plays a pivotal role in stakeholder collaboration by 

serving as a key member of various task forces established as platforms 
for engagement and coordination among EMI and relevant sectors. 
These task forces are designed to address the diverse needs of climate-
sensitive sectors and ensure that weather and climate services are 
effectively integrated into sectoral activities and decision-making 
processes. Notable task forces include Agromet, Hydromet, Health 
and Disaster Risk Management.

The Agromet Task Force focuses on supporting agricultural 
activities and the livelihoods of pastoral communities, which are 
highly vulnerable to climate variability. It brings together stakeholders 
from the agricultural sector, including government agencies, research 
institutions, and development partners, to co-develop and disseminate 
climate services.

The Hydromet Task Force is dedicated to water resource 
management and disaster risk reduction, particularly during the rainy 
and dry seasons. During the rainy season, the task force monitors river 
flows, dam levels, and potential flood risks, providing critical 
information to mitigate flood-related impacts. In the dry season, it 
focuses on ensuring adequate water supply for domestic use, 
irrigation, and energy production. By fostering collaboration between 
meteorologists, hydrologists, and water resource managers, the task 
force enhances the country’s capacity to manage its water resources 
sustainably and respond effectively to water-related challenges.

The Health Task Force is centered on monitoring and 
mitigating the impacts of climate-related health risks, such as 
malaria and other vector-borne diseases. By integrating climate 
data with health surveillance systems, the task force enables health 
authorities to anticipate outbreaks and allocate resources 
more effectively.

The Disaster Risk Management Technical Task Force supports 
decision-makers in climate-vulnerable sectors by providing advisory 

services and early warning, which enable them to plan for 
humanitarian support contingency.

4.4.6 Public awareness campaigns
Public awareness campaigns and targeted training programs have 

been instrumental in enhancing the accessibility and effective use of 
the EMI products and services among diverse user groups. These 
efforts have focused on empowering end-users, such as agricultural 
extension officers, disaster response teams, and local planners, with 
the knowledge and skills necessary to integrate weather and climate 
information into their decision-making processes.

To reach a broader audience, EMI has conducted public awareness 
campaigns through mass media, community engagement events, and 
targeted outreach in rural areas. These campaigns focus on the 
practical benefits of climate services, such as improved agricultural 
productivity, reduced disaster risks, and enhanced public health 
outcomes. By simplifying technical information and delivering it 
in  local languages, these initiatives ensure that even grassroots 
communities can understand and utilize EMI’s products.

4.5 International collaboration

EMI has collaborated with a number of international partners 
who have contributed to various aspects of its capacity development. 
Key collaborations include: the International Research Institute for 
Climate and Society (IRI), Columbia University, to develop 
comprehensive training curricula on climate risk management, 
emphasizing the use of EMI’s Maproom products (Dinku et al., 2023). 
The curricula, which are tailored to the specific needs of different 
sectors, ensure that users can effectively interpret and apply the 
climate information provided by EMI. EMI’s partnerships with 
international organizations, including the World Meteorological 
Organization (WMO), have further expanded its reach and impact. 
WMO-funded projects have specifically targeted regions with 
smallholder farmers, where the need for climate services is most acute. 
Some other collaborations include the following:

 • United Arab Emirates (UAE) through the National Center for 
Meteorology (NCM) for rain enhancement projects.

 • Finland, via the Finnish Meteorological Institute (FMI) and 
Vaisala, for modernizing observation networks.

 • South Korea through the Korea Meteorological Administration 
(KMA) and Korean International Cooperation Agency (KOICA), 
focusing on early warning systems.

 • Norway through Met Norway for capacity building and as 
Systematic Observation Facility Financing (SOFF) project 
peer review.

 • Sweden through the Swedish Meteorological and Hydrological 
Institute (SMHI) for collaboration on Water and climate change 
services for Africa-Ethiopia (WACCA-E) project.

 • China through China Meteorological Administration (CMA) and
 • United  Kingdom through the UK Met Office for capacity-

building initiatives.

Development projects funded by partners such as UNDP, 
African Development Bank, WMO, International Research 
Institute (IRI), National Oceanic and Atmospheric Administration 
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(NOAA), and University of California Santa Barbara have laid the 
groundwork for future initiatives, enhancing EMI’s ability to 
deliver comprehensive weather and climate services. These 
resources and partnerships have enabled EMI to expand its 
observational network, improve forecasting capabilities, and 
deliver weather and climate advisory services essential for socio-
economic development.

5 Main challenges

While EMI has made substantial progress, it has also faced a 
complex array of challenges. The main challenges include financial 
constraints, infrastructure limitations, technical and human resource 
shortages, computational capability, data accessibility, and 
dissemination issues, among others. Each of these factors presents 
unique scientific and operational hurdles for effective weather and 
climate services in Ethiopia.

5.1 Financial constraints

A significant challenge for weather and climate services in 
Ethiopia, as in many developing countries, is limited financial 
resources. Although the Ethiopian government has shown 
commitment and provided support, national resources are constrained 
due to Ethiopia’s status as one of the least developed countries in 
Africa. Establishing and maintaining meteorological infrastructure 
and acquiring advanced forecasting tools are expensive endeavors as 
most of these resources must be imported, requiring hard currency 
that is difficult to secure. Thus, insufficient funding impacts EMI’s 
ability to expand its network of weather stations, upgrade forecasting 
technology, and improve the quality of weather and climate 
information services. While EMI has received support from 
international donors and development partners, reliance on external 
funding poses sustainability issues. Variations in donor funding can 
disrupt critical projects and programs, adversely affecting the 
continuity and effectiveness of meteorological services. Besides, many 
external assistances prioritize the interest of the donor rather than the 
real challenges of the NMHS.

5.2 Inadequate technical infrastructure

Technical and human resource limitations present significant 
challenges to EMI. The scarcity of modern meteorological tools and 
technologies restricts EMI’s ability to deliver high-quality services. 
Limited capacity for data storage, processing, and dissemination 
further complicates EMI’s ability to provide comprehensive and 
reliable services. The acquisition and maintenance of equipment such 
as AWS, AWOS, and weather radars, satellite receiving stations, high-
performance computing systems, and high-speed internet require 
substantial financial investments and technical expertise that are 
difficult to sustain in a resource-limited environment.

One of the pressing challenges is the inadequacy of institutional 
infrastructure needed for collecting, processing, and disseminating 
climate data and information. Despite the progress made, Ethiopia’s 

existing meteorological infrastructure falls short of meeting national 
needs. EMI’s network of meteorological stations is the primary source 
of climate data in the country, but station density remains low, 
particularly in remote and rural areas, creating significant data 
coverage gaps. Figure 2 illustrates the uneven distribution of stations, 
which are mainly concentrated along major roads and urban areas. 
EMI’s 10-year station network master plan, which aims to overcome 
this challenge, outlines the requirements for the expansion of various 
types of observation stations, including 1992 conventional stations 
and 458 Automatic Weather Stations.

Even where stations exist, there are gaps in observation owing to 
various challenges. Some of the challenges include disruptions caused 
by security issues, instrument breakdowns due to aging infrastructure 
and lack of spare parts, communication breakdowns, and vandalism 
as well as lack of local government commitment to secure 
observational sites in accordance with the WMO meteorological 
station network site standard. The combined effect of these challenges 
is depicted in Figure  8, which illustrates the percentage of data 
reported by each station relative to the expected data. The figure 
highlights that remote and lowland region of the country, often 
sparsely populated, are the most affected by these disruptions.

Security issues, particularly during periods of social unrest, can 
lead to prolonged interruptions in data collection. For instance, there 
was a significant disruption in meteorological observations in parts 
of the country beginning in 1991. This period coincided with intense 
conflict as rebel forces fought for control of the northern half of the 
country, ultimately leading to a change in government in May 1991. 
Such conflicts not only endangered the safety of personnel but also 
hindered access to monitoring sites, further exacerbating the 
challenges. Figure 1 provides additional context, showing that it took 
several years for the meteorological observation network to recover 
fully from the 1991 disruption. The gradual recovery reflects the 
complexity of re-establishing operational capabilities after such 
events, particularly in remote areas where logistical and security 
challenges are pronounced. A more recent example is shown in 
Figure 9, which compares number of stations that reported data in 
2019 and 2020. There have been armed conflicts going on in the 
northern half the country which has led to the significant decline in 
the number of stations sending data to EMI Head Quarters. The two 
panels in Figure 9 compare how many dekades (10-day period) of 
data were sent (number of data points (dekades) for each station 
should be 36). There is a clear decline in the number of data sent to 
HQ from 2019 to 2020 over the northern half of the country flowing 
an outbreak of a civil war.

These challenges underscore the importance of investing in robust 
infrastructure, ensuring a steady supply of spare parts, enhancing 
communication networks, and implementing measures to protect 
meteorological stations from vandalism and damage during periods 
of instability.

EMI has worked to expand its observation network with 
additional AWS installations. However, maintaining, operating, and 
effectively utilizing these AWS is challenging due to limited resources 
and high maintenance costs, including the procurement of 
replacement parts. These challenges are compounded by the varied 
data formats and systems used by different AWS networks, provided 
by various donors, making data integration and usage complex 
(Faniriantsoa and Dinku, 2022).
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FIGURE 8

Percentage of data reported by each station between 1981 and 2020 relative to what was expected in Ethiopia.

FIGURE 9

Amount of data in dekads (10 days) reported by each station during 2019 (A) and 2020 (B) in Ethiopia. The number of data points (dekades) for each 
station should be 36. The decline in the number of data sent to HQ from 2019 to 2020 over the northern half of the country is attributed to an 
outbreak of a civil war over that part of Ethiopia.
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5.3 Human resource constraints

Another critical issue faced by EMI is the persistent shortage of 
skilled meteorologists and technical experts, exacerbated by high staff 
turnover. This challenge is largely driven by uncompetitive salary 
scales and a lack of attractive benefits in the government sector, 
which push experienced professionals to seek better opportunities in 
other organizations. This trend has significantly impacted EMI’s 
ability to retain institutional knowledge and maintain a high standard 
of service delivery. The findings of a recent survey of EMI staff, 
presented in Table 4, highlight the seriousness of this issue. Over 20% 
of employees indicated they are either likely or very likely to leave the 
institution in the near future. An additional 32% of respondents were 
neutral, suggesting a considerable portion of the workforce is 
undecided about their commitment to EMI.

The high turnover rate not only disrupts the continuity of 
operations but also poses a long-term threat to EMI’s capacity to meet 
its mandate. The frequent loss of skilled personnel means that 
significant resources must be  allocated to recruit and train new 
employees, further straining the institution’s limited budget. This cycle 
hampers EMI’s ability to build and sustain a pool of experienced 
experts essential for advancing meteorological services and disaster 
risk management efforts in Ethiopia.

5.4 Service delivery and user engagement

Ensuring the accessibility and usability of weather and climate 
information remains a significant challenge in Ethiopia, particularly for 
rural and remote communities. Many of these areas lack access to 
modern communication technologies, such as the internet and mobile 
phones, which are crucial for receiving timely forecasts and early 
warnings. In addition to technological barriers, disseminating weather 
information in a format that is both understandable and actionable is 
often difficult. Language barriers and low literacy rates further 
complicate efforts to effectively communicate critical climate 
information to diverse audiences, particularly in Ethiopia’s multilingual 
and multicultural context. Sectoral users, including policymakers, 
planners, and technical experts, also face challenges in utilizing climate 
services effectively. Many have a limited understanding of the value of 
these services and lack the capacity to interpret and integrate the 
information into decision-making processes. This gap often leads to 
underutilization of the available data, hindering the ability to make 
informed decisions in disaster risk management agriculture, water 
resources management, and other climate-sensitive sectors.

EMI has faced its own internal challenges that further exacerbate 
these issues. Data quality problems, including missing values and gaps 

in temporal or spatial coverage, undermine the reliability of 
meteorological information. Additionally, outdated data policies limit 
the accessibility and timely sharing of data with users, slowing the 
uptake of climate services. Despite the development of ENACTS data 
and products, which have significant potential to support various 
applications, their adoption and exploitation by stakeholders remain 
limited. This underutilization is often attributed to insufficient 
awareness, inadequate training, and a lack of integration into national 
frameworks. It also stems from the fact that both EMI staff and users 
see weather and climate forecasts as the most important information 
products (Section 4.2). As a result, EMI has not yet given ENACTS the 
importance it deserves.

6 Opportunities for improved weather 
and climate services

Despite the challenges discussed in the previous section, there are 
also promising opportunities that could enable EMI to enhance its 
provision of weather and climate services. Addressing the challenges 
can be  facilitated by taking advantage of new developments in 
meteorological infrastructure, improved computing capabilities, well-
trained personnel, enhanced data and climate information products, 
and an increasingly aware and capable user community that 
understands the value of these services.

6.1 Infrastructure

Significant opportunities exist for strengthening meteorological 
infrastructure in Ethiopia, including upgrading existing facilities 
and expanding meteorological station coverage, particularly in 
underserved regions. This expansion will improve data coverage, 
enhance the accuracy of weather forecasts, and boost the overall 
quality of services. Following EMI’s station master plan (NMA, 
2021b), efforts are underway to install approximately 100 additional 
AWS in different parts of the country, with a focus on flood-prone 
areas and river basins to support timely and accurate flood 
forecasting and management. Moreover, through a World Bank-
supported project, EMI plans to install 107 additional AWS in 
pastoral areas.

Other planned infrastructure enhancements include adding three 
new upper air observing stations and increasing the number of 
synoptic stations from 17 to 29 through the UNDP-funded Global 
Basic Observation Network-Systematic Observation Facility 
Financing (GBON-SOFF) project, as well as the installation of two 
more weather radars.

The construction of a new EMI headquarters complex consisting 
of 3 nine-story buildings, along with new office buildings for RMSCs, 
will create a more conducive working environment at both the HQ 
and regional levels. In particular, the new HQ will provide an 
opportunity to implement ICT infrastructure and a modernized 
meteorological data center. Investments in high-performance 
computing (HPC) systems and integrated data centers will improve 
the quality and reliability of short-, medium-, and long-range 
forecasts. The adoption of advanced technologies, such as Artificial 
Intelligence (AI), will further enhance forecasting accuracy and 
operational efficiency (Conti, 2024; Dewitte et al., 2021).

TABLE 4 EMI staff survey responses (%) on likelihood of moving to 
another institutions (number of respondents = 159).

Survey question Scale Survey responses (%)

How likely is it that 

you would move to 

another institution if 

you get the chance?

Very unlikely 19

Unlikely 29

Neutral 32

Likely 12

Very likely 8

https://doi.org/10.3389/fclim.2025.1551188
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Tola et al. 10.3389/fclim.2025.1551188

Frontiers in Climate 15 frontiersin.org

6.2 Human resource development

EMI plans to continue investing in capacity development 
programs including workshops, and academic courses to cultivate a 
generation of professionals capable of conducting comprehensive 
meteorological analyses and supporting climate-sensitive sectors with 
accurate information and advisories. Partnerships with international 
institutions and universities, this strategy will provide avenues for 
knowledge exchange and capacity building.

While there are currently only two PhD holders at EMI, seven 
staff members are pursuing doctoral studies at national and 
international universities. Continued investment in training programs 
and professional development opportunities will enhance EMI’s 
technical expertise and strengthen its institutional capacity to deliver 
timely and accurate climate services. Ongoing efforts include 
advocating for better retention of skilled personnel through 
competitive salaries, career advancement opportunities, and an 
improved working environment. Negotiations are in progress with the 
government to elevate EMI’s professional workforce benefit to a status 
comparable to other national research institutes. EMI has submitted 
to the Civil Service Commission a special benefits package for its 
professional staff, particularly for researchers. The Commission has 
sent the proposal to the government for approval, and this still 
under discussion.

6.3 Data, forecasts, and information 
products

6.3.1 Data and tools
EMI has made considerable progress in leveraging available 

climate datasets, thanks to initiatives like ENACTS. This approach has 
allowed EMI to generate over 40 years of daily rainfall and temperature 
time series at a spatial resolution of approximately 4 km by integrating 
national observations with satellite rainfall estimates and climate 
model reanalysis products (Dinku et al., 2022; Dinku et al., 2013). EMI 
has also started generating other climate variables such as relative 
humidity, wind, pressure, and radiation. These high-resolution 
gridded datasets underpin research, application development, and the 
creation of climate services, including digital advisories and decision-
support tools tailored to user needs.

EMI also uses ENACTS tools, such as the Climate Data Tool 
(CDT; Dinku et al., 2022) and the Automatic Weather Station Data 
Tool ADT, (Faniriantsoa and Dinku, 2022). These tools facilitate data 
organizing, quality control, analysis and visualization, enabling EMI 
to generate a wide range of climate information products. The CDT 
supports EMI in managing large datasets by enabling systematic data 
integration, interpolation, and analysis, which is particularly valuable 
in generating high-resolution climate information products. This tool 
facilitates EMI’s ability to produce daily, monthly, and seasonal climate 
summaries that can be  customized for various end-user needs, 
including agriculture, health, and disaster risk management sectors. 
The CDT also enhances EMI’s capacity for spatial analysis, allowing 
the Institute to deliver climate insights at local scales, which are critical 
for operational and planning activities across Ethiopia. The CDT has 
become a tool widely used by RMSC staff due to its ease of use and 
widespread training, empowering regional centers to produce 
localized climate information products.

The ADT enhances EMI’s ability to manage and standardize data 
from multiple AWS networks across Ethiopia, improving both the 
accuracy and reliability of climate observations. By implementing 
rigorous quality control and synchronization, EMI can deliver higher-
quality real-time data to stakeholders, which is essential for timely 
decision-making, particularly in the face of rapid-onset climate events. 
This capability enables EMI to play a critical role in Ethiopia’s early 
warning systems, significantly enhancing the country’s readiness for 
climate hazards and increasing public trust in climate data services.

6.3.2 Forecast
The ENACTS datasets have significantly improved the availability 

of high-resolution climate data for research and applications. EMI has 
been issuing seasonal climate forecasts for over three decades and has 
refined the accuracy and presentation of these forecasts. ENACTS data 
allows EMI to produce forecasts at the 4 km resolution using more 
objective methods, making forecasts available through the National 
Climate Outlook Forums (NCOF), online portals, bulletins, and 
media platforms. EMI has also launched Regional Climate Outlook 
Forums to reach more users directly. The introduction of flexible 
forecast presentations marks a transformation in how seasonal rainfall 
forecasts are shared. Instead of the standard tercile format (below 
normal, normal, above normal), the new presentation allows users to 
select specific thresholds of interest, either as percentiles or rainfall 
amounts (Hansen et al., 2022).

6.3.3 Climate information products
Developing user-friendly, context-specific products and 

communication strategies will enhance the understanding and use of 
weather and climate information. EMI’s interactive online portal 
(Maproom) provides easy access to a wide range of climate 
information products for diverse stakeholders, from agricultural 
extension officers to policymakers. This supports the integration of 
weather and climate information into sectors such as agriculture, 
water management, infrastructure, and public health.

6.3.4 Capacity development
Ensuring the effective uptake of these products requires user 

awareness and capacity development. Users need to be familiar with 
EMI’s online products and trained in how to navigate, understand, 
and apply them. Recognizing the importance of agriculture to 
Ethiopia’s economy and the vulnerability of the sector to climate 
variability, EMI has participated in the development of a specialized 
curriculum focused on Climate Risk Management for Agricultural 
Extension. This curriculum aims to build the capacity of agricultural 
professionals and extension workers to integrate climate 
information into their practices (Dinku et al., 2023). By equipping 
them with knowledge and tools to interpret climate data, EMI 
enables these professionals to support farmers with actionable 
insights for adapting to and mitigating climate risks. This 
curriculum strengthens local-level resilience, helping to minimize 
crop losses, optimize planting and harvesting schedules, and 
promote sustainable agricultural practices. EMI’s approach in 
linking climate services to agricultural extension underscores its 
commitment to directly addressing sectoral needs, fostering 
resilience among smallholder farmers, and supporting Ethiopia’s 
food security goals. There are plans to develop similar curricula the 
other sectors.
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6.3.5 Stakeholder engagement
The National Framework for Climate Services (NFCS) offers a robust 

framework for engaging stakeholders, including communities, extension 
services, government agencies, civil society organizations, and more. It 
strengthens collaboration between EMI and relevant sectoral ministries 
and promotes the establishment of multi-sectoral platforms for sharing 
weather and climate information. Notable progress in implementing 
NFCS in Ethiopia over the past 4 years includes a participatory approach 
involving development partners, key economic sectors, the World 
Meteorological Organization (WMO), International Research Institute 
(IRI), Accelerating Impacts of CGIAR Climate Research for Africa 
(AICCRA), and local NGOs such as Christian Aid. These efforts have 
culminated in three key documents: a baseline assessment identifying 
gaps in service delivery, a 10-year strategic plan aligned with national 
goals, and a coordination guideline outlining the roles of stakeholders at 
federal, regional, zonal, and woreda (district) levels. These collaborative 
efforts will enable co-design and co-development of products, fostering 
ownership, uptake, and the integration of climate services into policy, 
planning, and practice in Ethiopia.

7 Summary

The Ethiopian Meteorological Institute (EMI) has made 
substantial progress over the last several decades in advancing the 
generation, dissemination, and use of weather and climate information 
in Ethiopia. Key areas of progress include the expansion of its 
meteorological observation network, modernization of infrastructure, 
and development of a more skilled and technically capable workforce. 
EMI has enhanced its forecasting capabilities, improved data 
collection and analysis systems, and formed strategic partnerships to 
support capacity building and the integration of new technologies. 
EMI’s proactive adoption of seasonal forecasting since 1987 and its 
commitment to capacity building have enabled it to provide critical 
services across agriculture, water management, health, and disaster 
risk reduction.

Despite significant achievements, EMI continues to face several 
persistent challenges. These include financial limitations, gaps in 
technical capacity, restricted access to data, and shortages in qualified 
human resources. Such constraints have been hindrances to EMI’s 
efforts to provide consistent, high-quality, and user-friendly services—
particularly in rural and underserved areas where climate information 
is often most needed. Limited cross-sectoral coordination and 
engagement with users, and underutilization of available data products 
by end-users further limit the impact of EMI’s information and services.

Looking ahead, EMI stands at a critical juncture with multiple 
opportunities to build on past successes and overcome existing 
challenges. Continued investment in infrastructure—such as the 
expansion of Automatic Weather Stations (AWS), the construction of 
modern office buildings, and the establishment of a new headquarters 
equipped with high-performance computing systems—offers the 
potential for improved data, information, and services. Leveraging new 
technologies, including AI, offers promising avenues for improving 
operational efficiency and the precision of weather and climate forecasts.

Furthermore, strengthening human resource capacity through 
targeted training programs and partnerships with international 
institutions is essential to sustaining a skilled workforce. EMI’s 
commitment to educational development, improved staff incentives, 

and professional recognition will support retention and growth. The 
integration of ENACTS tools has enriched data quality and 
accessibility, allowing EMI to deliver precise and targeted climate 
services. Enhancing user engagement through tailored training 
programs and the development of curricula will ensure that end-users 
can effectively understand and apply climate information, thereby 
supporting better decision-making in sectors such as agriculture, 
water management, and public health.

User engagement remains a critical area for future 
enhancement. Developing tailored training programs, co-produced 
curricula, and sector-specific advisories can help ensure that 
end-users can understand and apply climate information in 
decision-making. The National Framework for Climate Services 
(NFCS) presents a valuable platform for institutionalizing 
collaboration between EMI and key stakeholders, promoting the 
co-design and co-production of services, and increasing end-user 
ownership and uptake.

In conclusion, while EMI has made remarkable progress in 
advancing weather and climate services in Ethiopia, significant 
challenges remain. Addressing these challenges requires continued 
investment in infrastructure, capacity building, and strategic 
partnerships. By capitalizing on opportunities for technological 
advancements, data accessibility, and user engagement, EMI can 
strengthen its ability to deliver comprehensive, reliable, and timely 
weather and climate services for multi-sectors in Ethiopia. This study 
underscores the indispensable role of National Meteorological and 
Hydrological Services (NMHSs) like EMI in addressing climate-
related risks and supporting national development priorities, and calls 
for continued government and international support to further 
strengthen their impact.
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