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Abstract 

A sequence of drought events has been affecting East Africa and the Middle East/Central Asia since 

2021. Warmer temperatures and heatwaves compounded with precipitation deficits and contributed 

to shape these climate extremes. 

LargeȤscale climate drivers, such as El Niño Southern Oscillation and the Indian Ocean Dipole, have 

contributed to reinforce precipitation deficits and enhance atmospheric evaporative demand in the 

most severe drought episodes observed in East Africa (2021Ȥ2022, 2025) and the Middle 

East/Central Asia region (2021Ȥ2022, 2025). Rising temperatures due to anthropogenic climate 

change, evident in the time series of temperature anomalies, contribute to increase atmospheric 

water demand and exacerbate soil moisture depletion across both regions. 

In East Africa, the drought is gripping Somalia, southȤeastern Ethiopia and eastern Kenya, leading to 

historic low soil moisture levels and severe vegetation stress. 

In the Middle East/Central Asia region, persistent dry conditions are observed in northern Iran, Turan 

Depression, Afghanistan and parts of Central Asia, with runoff and river discharge anomalies 

remaining negative. 

Agricultural impacts of the drought events are here evaluated by using FAOSTAT data from 2016 ¸ 

2024. The production of sorghum decreased in Kenya, Ethiopia and especially in Somalia (~40 %) 

from 2016-2020 to 2021-2024. Maize production remained stable in Somalia and Kenya and even 

increased in Ethiopia and Tanzania. In Central Asia, wheat production declined only in Turkmenistan, 

while it remained stable in Afghanistan and even increased in Iran, Uzbekistan, Pakistan. These 

changes are clearly influenced by irrigation. In some cases, e.g. in Iran, these changes are 

associated with unsustainable water resource management and overexploitation. 

The analysis of hydrological impacts shows prolonged negative runoff anomalies in the Ethiopian 

Highlands, the Upper Nile basin and the Middle East, reducing water availability for irrigation and 

domestic use. 

The humanitarian situation in East Africa is worsening, with 4.6 million people affected, over 

135 000 displaced in Somalia, and acute malnutrition threatening ~2 million children. 

Seasonal forecasts from the multiȤsystem ensemble predict only marginally wetter conditions for 

southern Somalia and southȤeastern Kenya, with high uncertainty and limited expected relief before 

the next rainy season. 

Funding shortfalls compound the crisis: by early 2026 only Õ370 million of the Õ1.4 billion required 

for humanitarian response had been secured, jeopardising lifeȤsaving assistance. 
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1. Introduction 

The Copernicus Emergency Management Service (CEMS1), implemented by the European 

>jhhdnndji½n Ejdio M`n`\m^c >`iom`' kmjqd_`n odh`gt \i_ \^^pm\o` b`jnk\odal information on 

ongoing and forecasted natural hazards and man-made disasters to support decision making and 

actions. Its products and services support emergency response and disaster management activities, 

helping to reduce risks and mitigate the impact of disasters and saving lives. CEMS has three 

components: early warning and monitoring; on-demand mapping; exposure mapping. The early 

warning and monitoring component focuses on floods, drought, and wildfire. 

The European and Global Drought Observatories2 (EDO and GDO) of CEMS provide drought 

forecasting and monitoring information, analysis tools and analytical reports. The Observatories aim 

at detecting, monitoring, and predicting droughts by using a suite of indices and indicators 

characterising different aspects and phases of drought. In addition, EDO and GDO provide 

monitoring information and forecasts of warm spells, heatwaves and cold spells. In addition, JRC 

runs the Anomaly Hotspots of Agriculture system that provides warnings on agricultural drought 

affecting crops and rangelands3. 

Drought is likely the most complex climate-related natural hazards, due to its spatio-temporal 

evolution, its cascading impacts on all sectors, including agriculture, public water supply, energy 

production, transportation, tourism, human health, biodiversity, and natural systems. Drought is a 

climate extreme characterized by an imbalance in the hydrological cycle. It is due to a deficit in 

precipitation, that accumulates over time, often compounded by warm spells and heatwaves. It is 

influenced by land and water use and management. Drought can occur on multiple time scales, 

from a few weeks to several years, affecting large areas and populations worldwide. The related 

impacts are both direct and indirect and can persist after its end. Depending on the effect in the 

hydrological cycle and the impacts on society and environment, different drought phases are 

commonly distinguished: 

1. meteorological drought, characterised by a substantial deficit in precipitation. The deficit is 

defined with respect to the long-term climatology; 

2. agricultural drought, characterised by reduced soil moisture that results from below-

average precipitation often compounded by above-normal evapotranspiration; 

3. hydrological drought, that occurs when river stream flow and water storages in aquifers, 

lakes, and reservoirs fall below long-term mean levels. 

Due to its complexity, drought monitoring relies on a set of different indices and indicators, 

representing different components of the hydrological cycle (e.g. precipitation, soil moisture, 

reservoir levels, river flow, and groundwater levels), as well as specific impacts (e.g. vegetation 

water stress). 

 

 

1 https://emergency.copernicus.eu/ 
2 https://drought.emergency.copernicus.eu/ 
3 https://agricultural-production-hotspots.ec.europa.eu/ 

https://emergency.copernicus.eu/
https://drought.emergency.copernicus.eu/
https://agricultural-production-hotspots.ec.europa.eu/
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All details of drought indices and indicators used in the Copernicus Drought Observatories are 

available in the associated factsheets4 and in the JRC Data Catalogue5. 

This study is part of a series of analytical reports focused on the analysis of drought events 

affecting Europe as well as the other regions of the world. These studies build on data and 

information retrieved and processed by the Copernicus Drought Observatories. The information 

derived from the Observatories is usually complemented with additional sections on impacts, large-

scale circulation, and other relevant factors. 

This study examines drought in East Africa and the Middle East/Central Asia, where scarce rainfall 

and elevated temperatures have impaired crops, livestock and food security since 2021. It analyses 

the shared climatic drivers linking the two regions. 

Four regions of analysis are here defined: 

ð East Africa: Somalia, Ethiopia, Kenya, Djibouti, Eritrea 

ð Greater East Africa: Somalia, Ethiopia, Kenya, Djibouti, Eritrea, Sudan, South Sudan, Uganda, 

Rwanda, Burundi, Tanzania 

ð Iran 

ð Middle East/Central Asia: Iran, Iraq, Armenia, Azerbaijan, Turkmenistan, Uzbekistan, Afghanistan, 

Tajikistan 

 

 

4 https://drought.emergency.copernicus.eu/data/factsheet. 
5 https://data.jrc.ec.europa.eu/collection/drought. 

https://drought.emergency.copernicus.eu/data/factsheet
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2. Standardized Precipitation Index (SPI) 

The SPI provides information on the intensity of the precipitation deficit (or surplus) over a defined 

accumulation period (e.g. from 1 to 48 months). The lower (i.e., more negative) the SPI, the more 

intense is the drought. SPI can be computed for different accumulation periods. The 3-month period 

is often used to evaluate agricultural drought and the 12-month (and longer) period for hydrological 

drought, when rivers fall dry and groundwater tables lower. 

Figure 1 illustrates the temporal evolution of the SPI-3 over 2021-2025 in East Africa, with bi-

annual maps covering the periods from March to May and October to December for each year. 

Indeed, these periods represent the end of the two rainy seasons in the region. The spatial 

distribution of SPI-3 values reveals a complex and variable pattern, characterized by alternating 

periods of severe drought and excessive rainfall. The period of analysis started with the onset of a 

drought in 2021 that reached its peak in mid-2022, marking the most severe meteorological event 

of the entire period. Afterwards, conditions improved. However, this respite was short-lived, as the 

region experienced a significant shift towards highly wetter-than-normal conditions from mid-2023 

to mid-2024, with a pronounced peak in late 2023. Then, it transitioned back to drought, from late 

2024 to late 2025. This drought had lower severity compared to the one of 2022, and affected: 

Somalia, northern Ethiopia, and Eritrea. 

Figure 1. SPI-3 computed for MAM (March-April-May) and OND (October-November-December) from 2021 to 

2025. 

 

 
Source: JRC based on CHIRPS (Climate Hazards Group InfraRed Precipitation with Station). 
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Figures S1 and S2 (in the Annex) show the percentage of area in East Africa and in the Greater East 

Africa region (as previously defined) falling into each class of the SPI-3 from 1995 to 2025. The bar 

plots reveal that East Africa and the Greater East Africa region exhibit similar patterns in terms of 

distribution of the SPI-3 classes. There is no clear visible trend, although 2020-2025 appears to 

have experienced more frequent severe over-wet and dry events. The most critical drought events 

in both regions occurred in 1999-2000, 2009-2011, and 2022. The similarity between the two bar 

plots suggests that the drought patterns and their severity are comparable in the two regions. 

Figure 2 illustrates the temporal evolution of the SPI-3 over the Middle East/Central Asia region, 

with bi-annual maps plotted in March and June of each year, coinciding with the peak (January to 

March) and the end (April to June) of the wet season, respectively. In contrast to the East African 

region, more persistent meteorological drought conditions were observed, although with variable 

spatial patterns. A severe drought already affected the region in March 2021, mainly Iran and Iraq, 

before shifting north-eastwards by June 2021, impacting the Turan Depression and Central Asia. A 

slight improvement in conditions characterises 2022, with less severe precipitation deficits. Similar 

patterns persisted in 2023. A transition occurred in 2024, with normal and even wet conditions in 

some areas. Nevertheless, this respite was short-lived, as the meteorological drought became 

extremely critical in 2025, with high severity estimated across nearly the entire region. 

Figure 2. SPI-3 computed at the peak (March) and at the end (June) of the rainy season from 2021 to 2025 

in the Middle East/Central Asia region. 

 

 
Source: JRC based on CHIRPS. 

The bar plots for Iran (Figure S3 in the Annex) and the Middle East/Central Asia region (Figure S4 in 

the Annex) reveal a distinct pattern compared to East Africa and the Greater East Africa region. 

They exhibit a more pronounced tendency towards more intense and spatially broader droughts in 

the last 5-6 years. An increase in frequency, duration, and severity of droughts is evident, with a 

higher percentage of area affected by severe drought conditions. In contrast to the relatively stable 

pattern observed in East Africa and the Greater East Africa region, Iran and the Middle East/Central 
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Asia region show a marked shift towards more extreme drought events. The bar plots suggest that 

the region has been experiencing a significant escalation in drought severity, with more frequent 

and prolonged periods of water stress. The increased frequency and severity of droughts in the last 

5-6 years may be indicative of a large-scale climate signal related to changes in precipitation 

patterns compounded by temperature increases. The spatial extent of droughts also appears to 

have expanded, affecting a larger percentage of the region. This tendency is of concern, as it may 

have significant implications for water resources, agriculture, and for the ecosystems in the region. 

Overall, the bar plots for Iran and the Middle East/Central Asia region highlight a pressing need for 

enhanced drought monitoring and management strategies, as well as adaptation measures to 

mitigate the impacts of increasingly frequent and severe droughts. 

Figure 3 presents a comparative analysis of the SPI over a 12-month period in August (SPI-12) for 

the Middle East/Central Asia region and East Africa from 2011 to 2025. This timeframe was chosen 

to encompass the entire wet season in the Middle East and the cumulative effects of both rainy 

seasons in East Africa. The top panel, focusing on East Africa, reveals significant interannual 

variability in precipitation patterns. A worsening of conditions is evident from 2021 to 2022, when 

the meteorological drought reached its most severe state, affecting Somalia, Ethiopia, and Eritrea. 

Afterwards, a marked transition occurred, with a shift towards normal conditions in 2023, followed 

by severely wet conditions in 2024, which resulted in extensive flooding. By 2025, the region 

returned to near-normal conditions. This sequence of events highlights the complex and dynamic 

nature of precipitation patterns in East Africa, with significant implications for climate-resilient 

decision making and early warning systems. 

Figure 3. SPI-12 computed at August (cumulative rainy seasons) from 2021 to 2025 in East Africa (top 

panel) and the Middle East/Central Asia region (bottom panel). 

 

 

 
Source: JRC based on CHIRPS. 
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3. Temperature and the Standardized Precipitation 

Evapotranspiration Index (SPEI) 

The timeseries of maximum and minimum daily temperature anomalies in East Africa and the 

Middle East/Central Asia region (Figure 4) show, besides a clear warming trend, that the period 

between 2021 and 2025 experienced continuous positive monthly anomalies, being also the 

warmest 5-year period for both maximum and minimum daily temperatures since 1981. 

Figure 4. Monthly timeseries of maximum (top panel) and minimum (bottom panel) daily temperature 

anomalies (with respect to 1991-2000) in East Africa (left panel) and the Middle East/Central Asia region 

(right panel). Data are from ERA5 (ECMWF (European Centre for Medium-Range Weather Forecasts) 

Reanalysis version 5). 

 

Source: JRC based on ERA5. 

SPEI accounts for both precipitation and evapotranspiration (potential evapotranspiration, PET, is 

here computed with the Hargreaves-Samani6 method) to estimate anomalies of the climatic water 

balance (precipitation minus potential evapotranspiration) with respect to the climatological average 

over a given period. Thus, SPEI provides an estimation of the combined effects of precipitation 

deficit and warmer-than-usual conditions. Here SPEI is based on ERA5 data, while SPI formerly 

discussed is based on CHIRPS data. This may induce some differences between the two datasets. 

Figure 5 illustrates the temporal evolution of the Standardized Precipitation Evapotranspiration 

Index (SPEI-3) over East Africa, with bi-annual maps plotted in May and December of each year, 

 

 

6 See Hargreaves, G. H. and Samani, Z. A.: Estimating potential evapotranspiration, J. Irrig. Drain E.-ASCE, 108, 223¸230, 
1982 and Hargreaves, G. H. and Samani, Z. A. 1985. Reference crop evapotranspiration from ambient air temperature, 
American Society of Agricultural Engineers, 12 pp., available at: http://libcatalog.cimmyt.org/download/re-
prints/97977.pdf. 

http://libcatalog.cimmyt.org/download/reprints/97977.pdf
http://libcatalog.cimmyt.org/download/reprints/97977.pdf


 

10 

coinciding with the end of the region's two rainy seasons, from 2021 to 2025. The SPEI-3 reveals a 

more pronounced drought worsening trend from mid-2021 to late 2022, with the entire East Africa 

experiencing extremely dry conditions by the end of 2022. This suggests that the drought had a 

significant impact on the region's water balance, with temperature anomalies exacerbating the 

effects of precipitation deficits. However, a transition occurred from late 2022 onwards, with a shift 

from moderate dry conditions to wetter-than-normal conditions in 2023 and mid-2024, although 

the northwestern region, including Sudan and South Sudan, remained extremely dry. Following this 

improvement, a new drought event emerged from late 2024 to late 2025, initially affecting 

Somalia and then spreading to Eritrea, before severely worsening and impacting a larger area, 

including Somalia, Kenya, and southern Ethiopia, by late 2025. As SPEI-3 accounts for 

evapotranspiration, it can reveal the complex interplay between precipitation and atmospheric 

evaporative demand, providing a more comprehensive understanding of drought dynamics in the 

region. 

Figure 5. SPEI-3 computed for MAM and OND (rainy seasons) from 2021 to 2025 in East Africa. 

 

 
Source: JRC based on ERA5. 

The bar plots of SPEI-3 for East Africa (Figure S5 in the Annex) and for the Greater East Africa 

region (Figure S6 in the Annex) reveal a notable increase in drought events and in their severity 

from 2020 to 2025. Unlike the previous analysis of SPI-3, which showed a relatively stable pattern, 

the SPEI-3 bar plots exhibit a more defined trend towards more frequent and intense droughts in 

the recent years. This suggests that rising temperatures in the region contributed to the higher 

severity of drought events. Warming temperatures may, indeed, exacerbate drought conditions. This 

trend is of concern, as it may have significant implications for water resources, agriculture, and 

ecosystems. 
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Figure 6 illustrates the temporal evolution of the SPEI-3 over the Middle East/Central Asia region, 

with bi-annual maps plotted in March and June of each year, coinciding with the peak and the end 

of the wet season, respectively, from 2021 to 2025. The SPEI-3 pattern shows similarities with the 

one of SPI-3, with a severe drought affecting the region in 2021, initially impacting Iran and Iraq, 

and subsequently spreading over the Turan Depression and Central Asia. In 2022, the drought 

conditions improved; however by March 2023, the Turan Depression was again severely affected by 

drought. From mid-2023 to mid-2024, a transition towards normal or even wet conditions occurred, 

particularly in southern Iran, indicating a temporary improvement in the water balance. 

Nevertheless, by 2025, drought conditions re-emerged, albeit in a more sparse and fragmented 

manner, across the Middle East and Central Asia, with a slight worsening tendency. 

Figure 6. SPEI-3 computed at the peak (March) and at the end (June) of the rainy season in Middle 

East/Central Asia from 2021 to 2025. 

 

 
Source: JRC based on ERA5. 

The bar plots of the SPEI-3 for Iran (Figure S7 in the Annex) and the Middle East / Central Asia 

region (Figure S8 in the Annex) reveal a pronounced tendency towards increased drought severity 

and frequency from 2020 to 2025. The existing trend of declining precipitation in the region is 

exacerbated by rising temperatures. The bar plots show a marked increase in the frequency and 

severity of drought events, with Iran being particularly affected. The country's bar plot indicates a 

significant spike in severe drought conditions in recent years, confirming that Iran has been the 

most affected country of the region in 2024-2025. The combination of declining precipitation and 

rising temperatures has triggered critical drought conditions in the region, with severe implications 

for water resources, agriculture, and ecosystems. 

Figure 7 presents a comparative analysis of the SPEI-12 computed at August from 2021 to 2025 

for East Africa and the Middle East/Central Asia region. This timeframe was chosen to capture the 

cumulative effects of the entire wet season in both regions. In East Africa, a severe worsening of 

drought conditions is evident from 2021 to 2022, with a subsequent shift in the its spatial pattern. 

In 2023/24, drought moved northwestern, affecting Sudan. Somalia, Kenya, and Ethiopia 

experienced wet conditions, particularly in 2024. In 2025, however, a new drought event emerged, 
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involving almost the entire region of interest. In contrast, the Middle East/Central Asia region 

exhibited more stable dry conditions, with only a brief relief phase observed in 2024. In the other 

years, conditions were very dry, with the widest extent of drought observed in 2021 and again in 

2025. The comparison between the two regions highlights the distinct drought trajectories, with 

East Africa experiencing a more variable and dynamic pattern, while the Middle East/Central Asia 

region being characterized by a more persistent and widespread drought. 

Figure 7. SPEI-12 computed at August (cumulative rainy seasons) from 2021 to 2025 in East Africa (top 

panel) and the Middle East/Central Asia region (bottom panel). 

 

 
 

 
Source: JRC based on ERA5. 

The bar plots of SPEI-12 from 1995 to 2025 (Figures S9-S12 in the Annex) provide a 

comprehensive overview of drought conditions across the four regions of analysis. They reveal more 

pronounced dry anomalies over the last 5-6 years, pointing to both its severity and its persistence 

since 2020, with a significant impact on hydrological systems. 

However, some notable differences emerge between the regions. For instance, in the year 2000, the 

drought was less severe in East Africa compared to the Middle East/Central Asia region. Conversely, 

around 2010, the drought was more persistent in East Africa. 

From 2015 to 2020, the drought conditions were more severe in East Africa, with a notable peak in 

drought severity. In contrast, the Middle East/Central Asia region experienced a significant peak in 

drought severity in 2020, highlighting the variability and regional differences in drought patterns 

over time. 

The more evident signal in SPEI-12 compared to SPEI-3 may suggest that the current drought is 

related to hydrological aspects, such as soil moisture depletion, groundwater recharge, and water 

storage, rather than just being driven by precipitation deficits. This implies that the impacts of the 
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drought on water resources, agriculture, and ecosystems may be more profound and long-lasting, 

requiring a more comprehensive and sustained response. 

To further evaluate the spatio-temporal dynamics of the recent drought events over the Middle 

East/Central Asia region and East Africa, a variant of the meteorological drought tracking method7 is 

applied from January 2020 to December 2025. While the original methodology to compute the 

meteorological drought tracking relies on SPI-3, this variant is based on a combination of the SPEI-1 

and SPEI-3. This improvement can simultaneously capture short-term anomalies driven by, e.g., 

evaporative demand as well as longer scale ones associated, for instance, with precipitation deficits. 

Figure 8. Temporal evolution and spatial location of the six most relevant drought events in the Middle 

East/Central Asia region and East Africa during the period 2020-2025. 

 
 

Source: JRC based on ERA5. 

This analysis (Figure 8) reveals a sequence of drought events evolving over the Middle East/Central 

Asia region and East Africa. 

ð 2021¸2022 A massive drought event (identified in dark grey, ID 114) rapidly developed in the 

Middle East/Central Asia region and peaked in mid-to-late 2021. It covered a vast area 

exceeding at its maximum extent over 10 million km². This aligns with the severe 

meteorological drought observed in Iran and Iraq that subsequently shifted north-eastwards 

into the Turan Depression. 

ð Another significant, localized event in the Middle East/Central Asia region (purple, ID 40) 

occurred from early 2020 to early 2021, less significant in terms of spatial coverage (with a 

peak of about 4 million km²) than the event ID 114. 

ð 2021¸2022 During the early 2021, a distinct and severe drought event (light blue, ID 3) 

emerged over East Africa, showing three distinct peaks: a first between the first quarter of 

2021, a second during late 2021, and a third one during the second quarter of 2022. Spatially, 

this event was localised mostly over Somalia, Ethiopia and Eritrea. This tracks the onset of the 

devastating multi-season drought that led to widespread crop failures, historic low soil 

moisture, and severe vegetation stress across East Africa. 

 

 

7 https://journals.ametsoc.org/view/journals/hydr/24/3/JHM-D-22-0115.1.xml 

https://journals.ametsoc.org/view/journals/hydr/24/3/JHM-D-22-0115.1.xml
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ð 2022-2023 By late 2022, a significant drought event developed over the Middle East/Central 

Asia region (reddish-brown, ID 199). The event peaked during mid-2023, perfectly correlated 

with the re-emergence of severe SPEI-3 drought conditions observed in the Turan Depression 

after a brief period of relief during the second quarter of 2022. 

ð 2024¸2025 From late 2024 throughout 2025, a highly persistent and expanding drought event 

(orange, ID 322) dominated the drought tracking timeseries. Spatially, this event heavily 

impacted East Africa, spreading across western Ethiopia, Sudan, and Kenya. This confirms the 

emergence of a renewed, widespread drought phase in the region that followed the short-lived 

wet anomalies of early 2024, leading to the severe water balance deficit. 

As highlighted by the pattern of drought events over the Middle East/Central Asia region and East 

Africa, the results of the drought tracking analysis indicates that drought has been more intensively 

concentrated in two distinct areas, as shown in Figure 9. 

Figure 9. Cumulative drought intensity over the Middle East/Central Asia region and East Africa in 2020-

2025. 

  

Source: JRC based on ERA5. 

Figure 9 illustrates the total sum of the intensity of drought events between 2020 and 2025, 

highlighting the areas most critically affected by persistent and severe drought conditions. In the 

Middle East/Central Asia region, the most severe intensities form a broad, dark-red band stretching 

from northern and central Iran, up through Turkmenistan, northern Afghanistan, and parts of 

Uzbekistan and Tajikistan. Concurrently in East Africa, extreme drought intensities are deeply 

concentrated over the Horn of Africa, particularly devastating southern Somalia, western Ethiopia, 

and eastern Kenya. These intensity hotspots align perfectly with the regions exhibiting the most 

pronounced long-term SPEI-12 anomalies and historical soil moisture depletion. 

In summary, the modified tracking approach underscores that while both regions have experienced 

recurrent crises, the drought episodes have operated on distinct, alternating timelines. The inclusion 

of evapotranspiration via SPEI confirms that the compounding effect of positive temperature 

anomalies has been a primary driver of the intensity and spatial expansion of these drought events. 
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4. Soil moisture 

The Soil Moisture Index Anomaly (SMA) is a standardized index that estimates the deviations from 

normal conditions of the root-zone water content. It is an index derived from a hydrological model 

(LISFLOOD) associated with the difficulty of plants in extracting water from the soil. 

In 2021-2025, the soil moisture anomaly pattern exhibits similarities with the SPI and SPEI 

indicators (Figure 10), although with a time-lag in some cases. In May 2021, soil moisture 

conditions were still close to normal, but by December 2021, moderate dry conditions developed, 

and by May 2022, extremely dry conditions spread across almost the entire region. The drought 

persisted until late 2022, when it slowly began to recede, although it continued to affect southern 

Ethiopia and Somalia. From late 2022 to mid-2024, the region gradually transitioned towards wet 

conditions, with Somalia, Kenya, and Ethiopia experiencing the most significant improvement in soil 

moisture. However, from late 2024 onwards, drought conditions began to worsen again, reaching 

severe levels over southern Somalia, Kenya, and southern Ethiopia by late 2025. The soil moisture 

anomaly patterns highlight the complex and dynamic nature of drought in East Africa, with 

significant implications for agricultural productivity, water resources, and ecosystem health. 

Figure 10. SMA computed at the end of each MAM and OND rainy season from 2021 to 2025 in East Africa. 

 

 
Source: JRC based on OS LISFLOOD hydrological model. 
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In the period 1995-2025 the general temporal evolution of soil moisture anomaly is remarkably 

similar to the one of the SPEI-12 data (Figures S13-S14 in the Annex). In terms of percentage of 

area affected by drought in East Africa and in the Greater East Africa region, the former one shows 

higher values, consistent with the fact that the countries within this region were more severely hit 

by the drought. This also suggests that the drought had a more pronounced impact on the smaller 

East Africa, which are entirely encompassed within the larger Greater East Africa region. The 

Greater East Africa region exhibits persistent and continuous drought, but characterized by lower 

percentage of affected area. This indicates that while drought conditions have been present in the 

region over the years, they have not been as widespread and severe as in East Africa. 

Drought events following 2020 are more significant in terms of spatial extent, with a notable 

increase in the percentage of affected area. The transition from the over-wet period in 2020 to a 

prolonged and widespread dry period in 2021-2025 is particularly striking. The discontinuity in soil 

moisture conditions after 2020 is evident, with a shift from wet to extremely dry conditions that 

have persisted over the past few years. This suggests that drought had a profound impact on soil 

moisture levels, leading to a significant depletion of water resources and exacerbating the effects 

on agriculture, ecosystems, and human populations. 

Figure 11 shows the temporal evolution of soil moisture anomalies in the Middle East/Central Asia 

region, with bi-annual maps plotted in March and June of each year, coinciding with the peak and 

end of the wet season, respectively, from 2021 to 2025. In contrast to East Africa, the soil moisture 

anomaly patterns in the Middle East/Central Asia region exhibit more stable conditions, with 

persistent dry conditions throughout the period. The worst conditions are estimated in 2021, with 

very dry soil moisture anomalies prevailing across the region. A slight improvement is detected in 

2022, 2023, and 2024, although conditions remained generally dry. However, in 2025 soil moisture 

anomalies worsened again. In the central part of the region, particularly northern Iran, the highest 

persistence of drought is estimated, with consistently dry conditions throughout the period. In 

contrast, the southern region, mainly southern Iran, shows the highest variability, with periods of 

wetter-than-normal conditions interspersed with dry spells. This spatial variability highlights the 

complex and heterogeneous drought sequence in the Middle East/Central Asia region, with different 

areas experiencing distinct drought trajectories. In these regions also cryosphere-related and snow 

processes play a relevant role, shifting and changing the soil moisture patterns. These patterns 

suggest that drought conditions are influenced by a combination of climate drivers and local factors 

that can modulate drought and lead to varying levels of severity and persistence. 

Figure 11. SMA at the peak (March) and at the end (June) of the rainy season from 2021 to 2025 in the 

Middle East/Central Asia region. 
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Source: JRC based on OS LISFLOOD hydrological model. 

The temporal evolution of SMA in the period 1995-2025 (Figures S15 and S16 in the Annex) reveals 

homogeneous condition across the larger area, with limited differences between Iran and the 

broader Middle East/Central Asia region. Several negative peaks are visible in the timeseries, which 

are more pronounced compared to East Africa. For example, around 2000 a quite prolonged dry 

peak is evident, indicating a significant drought event that affected the region. Other dry peaks are 

visible in 2008 and 2018. The period 2021-2025 stands out as exceptional in terms of severity, 

persistence, and extent. The soil moisture anomaly during this period is characterized by an 

unprecedented level of dryness, with a significant percentage of the affected area. This suggests 

that the current drought event is one of the most severe and widespread on record, with potentially 

devastating impacts on agriculture, water resources, and ecosystems in the region. 
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5. Hydrology 

Figure 12 shows the annual Runoff or Water Equivalent (ROWE) anomalies across East Africa for 

2021¸2025 (with respect to the 1991¸2020 baseline; hh t̻ͭ$) Di -+-, \i_ -+--' rd_`nkm`\_ 

negative anomalies dominate the Ethiopian Highlands and some Kenian and Ugandan regions 

around Lake Victoria, impacted by La Niña conditions. However, the effects of the drought in 2021 

and 2022 in the Horn of Africa are not visible in the GloFAS (Global Flood Awareness System) 

runoff data, neither as absolute nor as standardized anomalies. The region has a flat terrain and is 

characterized by ephemeral streams, no major perennial streams, and many areas with below 1 

mm climatological runoff values. While in parts of the Ethiopian Highlands the negative runoff 

anomalies became even worse following the lack in precipitation, increasingly positive anomalies 

and partly wetter conditions are visible in 2023 and 2024 along the Rift Valley, coastal Kenya, and 

parts of Somalia. In 2025, the negative anomaly pattern re-establishes itself across much of the 

domain and most prominently again in northern Ethiopia, Somalia and around Lake Victoria 

indicating renewed hydrological drought stress. Throughout all years, the Ethiopian Highlands 

emerge as the most persistently and severely impacted cluster, reflecting both the high elevation 

variability and the strong sensitivity of highland runoff to the El Niño-Southern Oscillation (ENSO) 

and the Indian Ocean Dipole (IOD) forcing. 

Figure 12. East Africa runoff anomalies (with respect to 1991¸2020) from 2021 to 2025. 

 

Source: GloFAS. 

Figure 13 shows the annual the runoff anomalies across the Middle East for 2021¸2025. In 2021, 

broadly negative anomalies dominate the region, with deficits spanning Iraq, Iran, the Levant, and 

the Arabian Peninsula, consistent with the La Niña-driven suppression of precipitation across the 

region. The pattern generally persists in 2022, particularly across the Zagros mountain range and 

western Iran, which are among the most hydrologically active zones in the Middle East given their 

role in Tigris¸Euphrates headwater runoff. Isolated positive anomalies appear in the south of the 

domain in 2022, likely reflecting localised convective events rather than a coherent large-scale 

signal. In 2023, negative anomalies continue across the domain, however, the large negative belt in 

the West is resolved and not present anymore as a response to the 2023 positive IOD and El Niño 

forcing. By 2024, the negative signal weakens visibly across multiple parts of the domain, with 

near-neutral to slightly positive anomalies becoming more widespread. The positive runoff 

anomalies in 2023 and 2024 are in line with the SPI results as well as the positive soil moisture 

anomalies. Moreover, the generally wet 2024 was subject to significant flood events in its first half 

in Afghanistan and South of Iran. In 2025, the negative runoff anomaly belt in the West re-
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established together with generally drier conditions following the negative IOD and La Niña co-

occurrence. 

Figure 13. Middle East runoff anomalies (with respect to 1991¸2020) from 2021 to 2025. 

 

Source: GloFAS. 

Figure S17 (in the Annex) shows the no\i_\m_dn`_ hjiocgt _dn^c\mb` \ijh\gd`n #Î' m`g\odq` oj the 

1991¸2020 baseline) for the Middle East (panel a) and East Africa (panel b) from 1980 to 2025. 

Each panel includes a monthly discharge anomaly heatmap, an overlaid annual discharge anomaly 

time series, and the seasonal discharge cycle plots for 2021¸2025 versus climatology in absolute 

values (km³/month). Both regions exhibit high inter-annual variability with no clear long-term trend, 

albeit a minor tendency for negative discharge anomalies in recent years. In the Middle East, the 

most extreme negative anomaly in the record occurs around 2021, with the annual mean 

\kkmj\^cdib ɛ,)-Î' ^jindno`io rdoc the severe drought conditions across the domain. 2024 shows a 

partial recovery toward a positive anomaly, consistent with the weakening negative spatial SPI 

pattern mainly occurring during late summer and autumn in the Middle East. However, the strong 

positive standardized anomalies in these periods are only partly reflected in the absolute values of 

the Middel East, as the dominant rivers remained less affected, which were vice versa strongly 

contributing to the Middle East absolute flow reductions visible in 2021 and 2025. 

The analysis over East Africa on the other hand suggests above-average discharge anomalies in the 

early 1980s and mid-1990s, followed by prolonged near-normal and slightly negative discharge 

anomalies from approximately 2000 to 2019. Similar transitions from wet to dry conditions can be 

found in 1999/2000 and 2020/2021 in line with a positive IOD and El Niño conditions, yet with 

different magnitudes. All the years from 2021 to 2025 except 2024, show suppressed flows 

relative to the climatology, with coloured lines consistently falling below the black climatology curve 

during large parts of the annual cycle. 
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6. Large-scale drivers and hydrology 

Ocean variability is a major driver of hydroclimatic variability in East Africa and the Middle 

East/Central Asia region at seasonal and annual timescales8. To identify oceanic drivers of SPI and 

SPEI variability, we sampled from a large climate model ensemble (150 members) the states that 

resemble the evolution of the observed SPI (SPEI) over the period 1960-2019. Figure S18 (in the 

Annex) shows an example of the evolution of the observed SPI-12 in both regions and the one 

created by sampling the model analogues closest to observations9. 

After having selected the best analogues for SPI each year, the sea surface temperature anomalies 

of those models are confronted with the observations by estimating the temporal correlation 

coefficient between them during the same period (1960-2019). Although not being a direct 

quantification of causality, this analysis indicates whether those selected model states (in which SPI 

-SPEI- are closest to the observed state) have a statistical association with observations in terms of 

sea surface temperature anomalies. In other words, this allows us to find regions of the oceans 

which are statistically associated with the SPI in East Africa and the Middle East/Central Asia region. 

Figure 14 shows the maps of sea surface temperature correlation between observations and the 

analogues selected through SPI-3 and SPEI-3 (OND and MAM seasons) in East Africa and for SPI-12 

and SPEI-12 in East Africa and the Middle East/Central Asia region. There is a clear statistical 

association in the tropical Pacific (e.g. ENSO) and the Indian (e.g. IOD) Oceans, particularly clear for 

the short rains period (OND) and for SPI-12 in both regions, stronger in the Middle East/Central Asia 

region than in East Africa at the annual timescales. The large resemblance of the patterns indicates 

that both regions share important common drivers of hydroclimatic variability at seasonal to annual 

timescales, and this variability stems primarily from tropical oceans. 

 

 

8 Meehl, G.A., Richter, J.H., Teng, H. et al. Initialized Earth System prediction from subseasonal to decadal timescales. Nat 
Rev Earth Environ 2, 340¸357 (2021). https://doi.org/10.1038/s43017-021-00155-x. 

9 Acosta Navarro, J. C., Aranyossy, A., De Luca, P., Donat, M. G., Hrast Essenfelder, A., Mahmood, R., Toreti, A., and Volpi, 
D.: Seamless seasonal to multi-annual predictions of temperature and Standardized Precipitation Index by constraining 
transient climate model simulations, Earth Syst. Dynam., 16, 1723¸1737, https://doi.org/10.5194/esd-16-1723-2025, 
2025. 

https://doi.org/10.1038/s43017-021-00155-x
https://doi.org/10.5194/esd-16-1723-2025,%202025
https://doi.org/10.5194/esd-16-1723-2025,%202025


 

21 

Figure 14. Sea surface temperature temporal correlation between observations and the model analogues 

selected by sampling the model members that are closest in terms of SPI-3 (left) and SPEI-3 (right) states in 

East Africa for the short rains (OND, first row), long rains (MAM, second row), SPI-12 (left) and SPEI-12 (right) 

in East Africa (third row) and the Middle East/Central Asia region (fourth row). 

 

Source: JRC based on CMIP6 data. 

East Africa and the Middle East/Central Asia region tend to experience drier-than-usual conditions 

when the ENSO and/or the IOD are in their negative phase. During the last five years, both ENSO 

and IOD were primarily in negative phases during roughly 2021-2022 and 2025 (Figure S19 in the 

Annex), when drought conditions were strongest in both regions. Despite the influence of oceanic 

drivers, a clear upward trend in drought intensity and recurrence is also present in both regions 

possibly linked anthropogenic climate change10. 

Figure 15 shows the absolute runoff anomalies in East Africa together with the global Dipole Mode 

Index (DMI) and the Oceanic Niño Index (ONI) time series. The smoothed anomaly (bold black line) 

reveals near-neutral conditions through the 1990s, a prolonged negative trend from approximately 

 

 

10  Kimutai, J., Barnes, C., Zachariah, M., Philip, S.Y., Kew, S.F., Pinto, I., Wolski, P., Koren, G., Vecchi, G., Yang, W. and Li, S., 
2025. Human-induced climate change increased 2021¸2022 drought severity in horn of Africa. Weather and Climate 
Extremes, 47, p.100745. 
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2000 to 2020, and a sharp positive reversal around 2020¸21. The teleconnection fingerprint in East 

Africa shows a tendency of positive IOD events (red shading) being associated with elevated runoff 

anomalies, most notably in 1994, 1997¸98, and 2019¸20. The 1997-1998 runoff anomaly was 

gdf`gt \aa`^o`_ ]t oc` º_jp]g` ajm^dib» ja kjndodq` JID and positive DMI. La Niña episodes (e.g. 

1988¸89, 1999¸2001, 2010¸12, 2020¸22, 2024 onward) broadly correspond to suppressed or 

negative runoff anomalies. During 2021¸22, runoff anomalies are clearly negative, consistent with 

the prolonged La Niña episode and the absence of positive IOD forcing, a condition unfavourable for 

East Africa short rains. A recovery is visible in the raw runoff signal (grey line) around 2023¸24, 

coinciding with the concurrent strong positive DMI and emerging El Niño conditions, yet this 

response remains modest. More precisely, the smoothed anomaly does not rise above zero, 

suggesting that despite the favourable teleconnection state the runoff response was short-lived 

and did not translate into a sustained hydrological recovery. By 2024¸25, as La Niña conditions re-

establish and DMI returns to near-neutral, runoff anomalies tend to be negative again, reinforcing 

the ongoing drought signal across the region. 

Figure 15. Monthly runoff anomalies (with respect to 1991-2020) in East Africa and global teleconnection 

time series. (a) Monthly time series of the DMI; (b) Regional runoff anomaly (mm/month) with 12-month 

smoothed mean (bold black) and DMI-shaded background where blue indicates negative phases and red 

positive phases of the corresponding index; (c) Monthly ONI time series. The reference period 1991¸2020 is 

marked by the vertical dotted lines. 

 

Source: GloFAS. 

Runoff anomalies in the Middle East together with the global DMI and the ONI time series show 

high inter-annual variability with no pronounced long-term trend, oscillating around neutral 

throughout the reference period (Figure 16). The DMI shading in panel (b) points to a discernible 

imprint on the Middle East runoff. The strong positive DMI phases (red shading) are associated with 

several elevated runoff anomaly spikes, most clearly around 1997-98, 2019 and 2023, while 

extended negative DMI as well as La Niña phases correspond to below-average runoff. La Niña 

exception is the 1988-1989 period. The most striking feature is the sharp positive runoff peak 

around 1998-1999, coinciding with the strong El Niño and positive DMI, and pushing elevated 

runoff anomalies to the highest values in the 45-year period. The smoothed signal (bold black line) 

mostly remains close to zero, with a modest but sustained negative departure during 2006-2010s 

and from 2021 to 2023. The current period (2024¸25) shows anomalies just below zero, indicating 
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marginally below-average but not critically deficient runoff conditions. The 2021-23 negative 

runoff anomalies are broadly consistent with the prevailing La Niña conditions. Around 2023¸24, 

the anomalies rise significantly and become partly positive (both smoothed and raw signal) 

suggesting a more sustained hydrological response to the concurrent positive IOD and El Niño 

forcing, though not as sharp as the double forcing response seen in in 1997-98. By 2024¸25 

anomalies return toward neutral. 

Figure 16. Monthly runoff anomalies (with respect to 1991-2020) in the Middle East and global 

teleconnection time series. (a) Monthly time series of DMI; (b) Regional runoff anomaly (mm/month) with 12-

month smoothed mean (bold black) and DMI-shaded background; (c) Monthly ONI time series. The reference 

period 1991¸2020 is marked by the two vertical dotted lines. 

 

Source: GloFAS. 
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7. Vegetation and crops 

The satellite-based fraction of Absorbed Photosynthetically Active Radiation (fAPAR) represents the 

fraction of solar energy absorbed by leaves due to photosynthesis. It is a measure of vegetation 

health and biomass. Negative fAPAR anomalies with respect to the long-term average are 

associated with a reduction in biomass and often with negative impacts on vegetation. 

Figure 17 illustrates the temporal evolution of the fAPAR anomalies (computed as Z-score) in May 

and December of each year (coinciding with the end of the region's two rainy seasons) from 2021 

to 2025 in East Africa. The fAPAR patterns reveal the onset of drought impacts on vegetation in 

southern Somalia and Kenya as early as mid-2021. Then, conditions rapidly deteriorated with 

widespread poor vegetation status observed across almost the entire region by May 2022. The 

severe drought conditions persisted until late 2022, with significant impacts on vegetation health 

and productivity. However, from 2023 to mid-2024, vegetation conditions improved quickly, with 

healthy and well-developed vegetation observed across the region, except for some initial signals of 

drought in southern Somalia in late 2024. Unfortunately, this recovery was short-lived, as drought 

conditions re-emerged in December 2025, severely affecting most of Somalia, Kenya, and south-

western Ethiopia. The fAPAR indicator highlights the close relationship between vegetation health 

and drought conditions, with significant implications for pastoralism, agriculture, and ecosystem 

services in the region. 

Figure 17. VIIRS (Visible Infrared Imaging Radiometer Suite) satellite-derived fAPAR anomalies computed at 

at the end of each MAM and OND rainy season from 2021 to 2025 in East Africa. 

 

 
Source: JRC based on VIIRS. 
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The temporal evolution of fAPAR (Figures S20 and S21 in the Annex) is based on a shorter series 

compared to the other indicators, as it starts in 2012. Focusing on the critical period 2021-2025, 

the bar plots show that East Africa exhibits a wider percentage of affected area compared to the 

Greater East Africa region, indicating that countries in East Africa were more severely impacted by 

drought and vegetation stress (Figures S20 and S21 in the Annex). 

Since 2020, the bar plot displays more extreme values in both higher and lower photosynthetic 

activity, suggesting increased variability in vegetation health. Prior to this, the only notable event 

occurred in 2017-2018. This pattern implies that the recent period (2021-2025) is marked by more 

frequent and intense droughts in East Africa. 

The percentage of area in each fAPAR class at each timestep provides insight into the spatial extent 

of vegetation stress. During the 2021-2025 period, widespread vegetation stress and drought 

impact are estimated. In contrast, the Greater East Africa region (which fully include East Africa) 

exhibits a relatively smaller proportion of area in the lower classes, suggesting less severe impact in 

the other countries. 

Figure 18 illustrates the temporal evolution of fAPAR anomalies (computed as Z-score) in March 

and June of each year (coinciding with the peak and the end of the wet season) in the Middle 

East/Central Asia region from 2021 to 2025. it is notable that a significant portion of the region is 

affected by missing data likely due to the extensive presence of arid and semi-arid regions, and this 

may impact the interpretation of the results. Focusing on the covered regions, the fAPAR patterns 

exhibit a more stable behaviour compared to East Africa. Northern Iran and Central Asia show a 

trend of deteriorating vegetation conditions from early 2021 to mid-2023, with the worst conditions 

observed in March 2023. A partial recovery is visible in March 2022, but this is short-lived, and 

conditions continued to decline. However, from March 2024 to March 2025, a slow and continuous 

improvement in vegetation conditions is evident, suggesting a recovery from the previous drought. 

Unfortunately, June 2025 shows a reversal of this tendency, with poor vegetation conditions re-

emerging, mainly in Central Asia. 

Figure 18. VIIRS Satellite-derived fAPAR anomalies at the peak (March) and at the end (June) of the rainy 

season from 2021 to 2025 in the Middle East/Central Asia region. 
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Source: JRC based on VIIRS. 

Despite the data gaps in fAPAR, the bar plots still provide valuable insights into the temporal 

evolution in these regions (Figures S22 and S23 in the Annex). The period from 2021 to 2025 

stands out as the most critical, with more frequent and severe periods of poor vegetation 

conditions. This suggests that the recent years have been particularly challenging for vegetation 

health in both Iran and the Middle East/Central Asia region. 

In the wider Middle East/Central Asia region, the impact of vegetation stress is more visible, with a 

larger proportion of area exhibiting lower fAPAR values, especially during the 2021-2025 period. 

This may be attributed to the diverse landscape, which includes areas with more favourable 

conditions for vegetation growth, making the effects of drought and stress more apparent. 

In contrast, Iran's bar plot is largely characterized by missing data, making it difficult to assess 

vegetation health. However, where data is available, the bar plot suggests that the vegetation was 

affected, particularly in 2018, when a noticeable decline in fAPAR values is visible. The recent period 

(2021-2025) shows even higher vegetation stress. 

By looking at the ASAP warnings in the period under analysis, we can provide a more detailed 

analysis of drought effects on cropland and rangelands. ASAP automatically assigns warnings to 

sub-national administrative level. Figure 19 and 20 shows the ASAP warnings crops and rangeland 

in East Africa from 2021 to 2025. Ethiopia had several regions with ASAP warnings in each season 

from 2021 to the end of 2022. In 2023 and 2024, the country experienced overall positive crop and 

rangeland productivity from an agro-climatic point of view, except for minor drought impacts in 

Beneshangul Gumuz visible in May 2024. In Kenya, the main crop areas were not affected by 

significant agricultural drought events in the period 2021-2025, whereas the marginal areas in the 

coastal area of southeast Kenya experienced impacts throughout five consecutive crop seasons 

from 2021 to 2023. Parts of Central Kenya were affected in 2021 and 2022 and then experienced 

no major drought problem until the short rains of 2025. 

Many crop areas in the region are also pastoral areas, which explains the similar dynamics of the 

pasture drought warnings (Figure 20). Rangeland areas also suffered droughts in 2021, 2022 and 

2025, e.g., in North/East Somalia, in North/East Kenya and in Southeast Kenya. 
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Figure 19. ASAP warnings (cropland) from 2021 to 2025 at the end of each MAM and OND rainy season in 

East Africa. 

 

Source: JRC-ASAP 
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Figure 20. ASAP warnings (rangeland) from 2021 to 2025 at the end of each MAM and OND rainy seasons in 

East Africa. 

 

Source: JRC-ASAP 

It is interesting also to observe the dynamic of warnings of 2021-2025 as compared to previous 

periods. For example, the time series of crop warnings for Kwale in southeastern Kenya (Figure S24 

in the Annex) clearly shows how bad the 2021-2025 period was compared with the previous 5-year 

periods. Figure 21 shows that the agricultural areas of southeastern Kenya were exposed to 

drought in 2021-2025 longer than in the previous 5 years, whereas pastoral vegetation shows 

higher drought conditions frequency in 2021-2025 (compared with 2016-2020) in northeastern 

Kenya. In contrast, crops in western Kenya were less exposed to drought conditions in the last five 

years as compared with the previous period. The same holds for some pastoral areas in the South 

(e.g. Kitui county) and in the North (Turkana County). 

In Ethiopia, most of the country was more frequently exposed to drought conditions in the last five 

years as compared with the previous 5-year period, both in cropland and in rangelands. Tigray, 

which experienced a major conflict and humanitarian emergency in 2020-2022, is the area in 

Ethiopia which experienced highest positive drought frequency as compared with the previous 

period, which further complicated recovery after the conflict. 

In south-central and north-west Somalia higher drought frequency in the period 2021-2025 (than 

in the previous period) are detected. Improvement can be seen in the pastoral areas of Puntland 

and in significant parts of the Mudug pastoral area, as well as in parts of Somaliland. 
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Figure 21. Change in ASAP warning frequency (% of active ten-day periods) at r\midib g`q`g ɦ - ]`or``i 

2021¸2025 and 2016¸2020 in East Africa, for cropland (left panel) and rangeland (right panel). 

 

Source: JRC-ASAP 

In the Midde East/Central Asia region, ASAP warnings are present in all years, except in June 2024, 

and for most administrative units, with a higher frequency in a region centred on Turkmenistan and 

including northeastern Iran, western Afghanistan and Uzbekistan for both cropland (Figure 22) and 

rangeland (Figure 23). 

Figure 22. ASAP warnings (cropland) from 2021 to 2025 at the peak (March) and at the end (June) of the 

winter cereals season in the Middle East/Central Asia region. 

 

Source: JRC-ASAP 
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Figure 23. ASAP warnings (rangeland) from 2021 to 2025 at the peak (March) and at the end (June) of the 

rangelands season in the Middle East/Central Asia region. 

 

Source: JRC-ASAP 

Figure 24. Changes in ASAP warning frequency (% of active ten-_\t k`mdj_n$ \o r\midib g`q`g ɦ - ]`or``i 

2021¸2025 and 2016¸2020 in the Middle East/Central Asia region, for cropland (left panel) and rangeland 

(right panel). 

 

Source: JRC-ASAP 

Figure 24 shows an increase in the frequency of ASAP warnings of level 2 and higher, i.e. warnings 

indicating a crop or rangelands biomass deficit with or without water balance deficit, between 

2016-2020 and 2021-2025. Vegetation biomass deficit results often from water stress caused 

directly by rainfall deficit for rainfed crops and pastures or indirectly by government measures 

limiting irrigation. In Iraq, for instance, the government banned rice in the main producing areas in 

2018, 2022, 2023, 2025, and for the first time in November 2025 limited the area devoted to 

wheat and barley irrigated with surface water to 250,000 ha (i.e. half of the usual area). Similarly, 

restrictions may be induced by lack of irrigation water coming from neighbour countries (e.g. the 

Pamir and Tien Shan mountains in Tajikistan and Kyrgyzstan provide water to the Amu Daria and 

Syr Daria rivers which flow to Turkmenistan, Uzbekistan, Kazakhstan. Less often, vegetation 
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biomass deficit is caused by excess rainfall and flooding. Figure 24 shows that the frequency of dry 

conditions increased in the region centred on Turkmenistan and going from northeast Iran to south 

Uzbekistan and north-west Afghanistan, but also in Kyrgyzstan, South Kazakhstan, centre-west Iran 

and eastern Iraq. 

In Iran, the impacts of drought vary due to compensation by irrigation in some areas (Figure S25 in 

the Annex). In Khorasan, the first barley producing province and an important wheat producing area 

bordering Turkmenistan and Afghanistan, rainfall deficit occurred from January to May in all five 

years since 2021 and resulted in below average winter cereals biomass, suggesting that rainfed 

crops dominate in this province. In contrast, Khuzestan in the west, which is the first wheat 

producing province, shows above average crop biomass in all five years despite poor rainfall in 

2021, 2025 and the 2nd part of the 2022 winter crops season. This is due to the use of irrigation 

despite the current water crisis11. 

In Mazandaran, the main rice producing province bordering the Caspian Sea, crop conditions are 

average to above average in all five years including 2025, which had poor rainfall during the whole 

year (450 mm in 2025 versus a long-term average of 720 mm per year). Here again, irrigation 

supported the rice production. 

In Fars, the 2nd wheat producing province in the centre-south, rainfall was below average in 2021, 

2024 and 2025, above average in 2023 and mixed in 2022 (close to normal followed by moderate 

deficit). Winter crop conditions are slightly below average in 2021, 2024 and 2025, well below 

average in 2022, which is surprising as 2022 is far from being the driest year, and as expected, 

above average in 2023. 

In many cases, irrigation supported crop production. However, there is growing concern on how long 

irrigation water will continue to be available, as shown by the water crisis of November 2025 with 

19 out of the 31 provinces in severe drought12. 

In Afghanistan, in the last five years, SPI-3 in Jawzjan was always negative (below average) 

between January and April and not surprisingly, winter crops biomass was below average (Figure 

S26 in the Annex). Actually, this province was systematically identified by ASAP as having poor 

performance every year between 2021 and 2025, possibly due to a reduction in the planted area, 

whereas in the previous two decades (2001-2020), poor years were less frequent (Figure S27 in the 

Annex). In contrast, in Kunduz and to some extent Hirat, below average rainfall (in particular in 2023 

for Kunduz) did not result in below average crop biomass thanks to irrigation. The issue is to assess 

whether irrigation will still be possible in the coming years if the decreasing precipitation trend 

continues, reducing snow cover and leading to groundwater depletion. 

In Turkmenistan, in the 2021 to 2025 period, moisture conditions were drier than average during 

the winter cereals season (January to June) for all years except at the end of the 2024 season 

(Figure S28 in the Annex). The driest season was 2023 with SPI-3 remaining below ¸1.5 from the 

end of January to the end of May (which corresponds to a rainfall deficit from November to May). 

Despite below average rainfall for all five years, cereals biomass was below average only in 2021 

and well below average in spring 2023. According to the ASAP assessment of May 2023, the region 

 

 

11 see https://iramcenter.org/en/overview-of-the-water-crisis-in-khuzestan_en-705. 
12 https://carnegieendowment.org/emissary/2025/11/iran-water-crisis-warning-climate?lang=en. 

https://iramcenter.org/en/overview-of-the-water-crisis-in-khuzestan_en-705
https://carnegieendowment.org/emissary/2025/11/iran-water-crisis-warning-climate?lang=en
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received the lowest total rainfall of the last 32 years for the period October 1 - May 20, which may 

have led to a reduction in the sown area of winter wheat. 

In Uzbekistan, SPI-3 was below the long-term average for part of the winter cereals season for all 

five years, except 2024. Crop biomass was surprisingly above average in 2025 despite the dry 

conditions, close to average in 2024 and below average in 2021 (Figure S29 in the Annex). 

In Pakistan, despite drier than average conditions during the Rabi crops (winter cereals) season in 

2020-2021, 2022-23 and 2024-25, biomass of winter cereals was above the long term average 

for all years, thanks to irrigation (Figure S30 in the Annex). In the five years under analysis, crop 

production was more affected by excess water than by rainfall deficit. 

 

To explore better the reported impacts, we analyse the official crop statistics of production, 

harvested area and yield from FAOSTAT (Food and Agriculture Organization Statistical Database13). 

The following figures show the evolution from 2016 to 2024 (last available year) for: Kenya, 

Somalia, Ethiopia and Tanzania (East Africa); Iran, Afghanistan, Turkmenistan, Uzbekistan and 

Pakistan (Middle East/Central Asia). 

We compare 2021-2024 with 2016-2020 in terms of mean production, harvested area and yield of 

up to three main cereals to detect tendencies that could result from the increase in dry conditions. 

Figure 25. Production, harvested area and yield of maize, sorghum and wheat for the period 2016-2024 in 

Kenya. 

   
Source: JRC based on FAOSTAT data. 

In Kenya, maize average production, area and yield remained similar (around 3.6 million t, with less 

than 3% difference) in the two periods, while sorghum average production decreased by 17% in 

2021-2024 due to a decline in yield (Figure 25). As for wheat, the area decrease of 18% was 

 

 

13 https://www.fao.org/faostat/en/#data/QCL. 

https://www.fao.org/faostat/en/%23data/QCL
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largely compensated by the yield increase of 36%, which resulted in an increased production 

(+13%). 

Figure 26. Production, harvested area and yield of maize and sorghum for the period 2016-2024 in Somalia. 

  

 

Source: JRC based on FAOSTAT data. 

In Somalia, sorghum production strongly decreased by about 40% between 2016-2020 and 2021-

2024, most likely as a result of the dry conditions. Maize production remained similar, i.e. around 

70,000 t (Figure 26). This is probably due to the fact that maize is partly irrigated, while sorghum is 

mostly rainfed. The unchanged area from 2019 to 2024 for both maize and sorghum suggests 

missing survey data. 

Figure 27. Production, harvested area and yield of maize, rice and sorghum for the period 2016-2024 in 

Tanzania. 

   

Source: JRC based on FAOSTAT data. 
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In Tanzania, the 2021 ¸2024 average production, area and yield of the three crops (maize, rice and 

sorghum) are similar or better than their respective 2016-2020 averages, due to the increase in 

harvested area mainly (maize harvested area increased from 3.8 to 4.6 million ha, i.e. 21%). 

Figure 28. Production, harvested area and yield of maize, wheat and sorghum for the period 2016-2024 in 

Ethiopia. 

   
Source: JRC based on FAOSTAT data. 

In Ethiopia, between 2016-2020 and 2021-2024, production increased for maize (+11%) and 

wheat (+19%) but decreased for sorghum (-20%), as shown in Figure 28. As for maize, the driver of 

production increase was clearly the crop area increase (9%). Concerning wheat, both yield and area 

increased by 7% and 11%, respectively; while for sorghum (that is a subsistence crop in rural areas) 

both yield and area decreased by 8.5% and 17%, respectively. The impacts of dry conditions on 

wheat and maize are not visible in the official yield and area statistics; while sorghum production is 

low from 2022 to 2024, which is somewhat unexpected as 2023 and 2024 were favourable. 

Figure 29. Production, harvested area and yield of wheat, barley and rice for the period 2016-2024 in Iran. 

   
Source: JRC based on FAOSTAT data. 
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In Iran, between 2016-2020 and 2021-2024, wheat production slightly increased (by 7% on 

average) due to increased yield (+4%) as shown in Figure 29. Barley production remained stable (-

4%) and rice production slightly declined (-6.5%). Despite the increased frequency of dry conditions, 

Iran has managed to maintain its cereals production thanks to irrigation (including underground 

water extraction). 

Figure 30. Production, harvested area and yield of wheat and rice for the period 2016-2024 in Afghanistan. 

  

 

Source: JRC based on FAOSTAT data. 

In Afghanistan, between 2016-2020 and 2021-2024, wheat production remained stable around 4.4 

million t, while rice production increased (+10%) as a result of area and yield increase (+6% and 

+4% respectively). These statistics are in contrast with the increasing frequency of dry conditions 

affecting this country, in particular its northwest, possibly thanks to irrigation. 

Figure 31. Production, harvested area and yield of wheat and rice for the period 2016-2024 in Turkmenistan. 

  

 

Source: JRC based on FAOSTAT data. 
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In Turkmenistan (Figure 31), between 2016-2020 and 2021-2024, the production of the main 

cereal (wheat) decreased by 16% due to the decrease in both harvested area (-10%) and yield (-

6.5%), possibly as a result of a reduction in the water available for irrigation and soil salinization. 

Irrigated rice production is modest and slightly increased by 4% thanks to yield increase (+7%). 

Figure 32. Production, harvested area and yield of wheat, maize and rice for the period 2016-2024 in 

Uzbekistan. 

   
Source: JRC based on FAOSTAT data. 

In Uzbekistan, between 2016-2020 and 2021-2024, the production of the main cereal (wheat) 

increased (+3.7%) thanks to a 14% yield increase which compensated the 9% decrease in area. 

Regarding summer crops, maize production increased (+65%) thanks to a 56% area increase. Rice 

production slightly increased (+7%) despite a 23% area decrease compensated by a 40% yield 

increase (Figure 32). 

Figure 33. Production, harvested area and yield of wheat and rice for the period 2016-2024 in Pakistan. 

  

 

Source: JRC based on FAOSTAT data. 
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