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1 Water stress in IsDB member countries 

Many Islamic Development Bank (IsDB) Member Countries (MCs) face major challenges of water scarcity, 
threatening MCs’ freshwater availability. As IsDB member countries rely extensively on irrigated 
agriculture to achieve food sufficiency, rising water scarcity issues have a large impact on the agricultural 
sector. The agricultural sector is the largest water consumer in many of these MCs, accounting for 80% 
of all water used (Islamic Development Bank, 2019).  

Almost 40% (or 22 out of 57) of MCs fall within physical water scarcity (< 1,000 m3/cap/year) and 16 
within economic water scarcity (< 3,000 m3/cap/year). MCs in the Middle East and North Africa (MENA) 
are the most exposed to physical water scarcity. The per capita freshwater share of the MENA region1 
has reduced from 3,500 in 1960 to 700 m3/cap/year in 2011 (Molle et al., 2017). 50% of the surface area 
of the Arab region’s major cropland systems (including wheat, maize, sorghum, potatoes, vegetables, 
and olives) belong to the two highest vulnerability classes indicated by the Arab Climate Change 
Assessment Report (United Nations Economic and Social Commission for Western Asia (ESCWA) et al., 
2017). Furthermore, the excessive use of groundwater, especially by the agricultural sector, combined 
with low efficiency, has led to a decline in groundwater storage in more than two thirds of the Arab 
regions. It is projected that by 2050, available groundwater per capita will have decreased by more than 
half since the beginning of the century (United Nations Economic and Social Commission for Western 
Asia (ESCWA), 2022).  

Understanding these trends is highly significant to understanding water security and security in general 
and shows the need for improved efficiency and productivity of the agricultural sector. The presented 
trend analyses follows from the Water Policy of the Islamic Development Bank approved in 2020, in 
which one of the five pillars is to improve water use efficiency (Box 1).  

Box 1: ISDB Water Sector Policy Pillar 2 - Water use efficiency.  

 
“Improving water productivity is imperative and may be achieved in all types of water uses, and more 
so in agricultural and urban water uses, where the potential for efficiency gains is the highest. 
Agriculture is the largest consumer of water in IsDB member countries, and the poorest performer in 
terms of water productivity. In several member countries, less crop per drop is produced or more 
drop per crop is used than 10 years ago. Experts believe that improving water productivity in 
agriculture by an average of 25%, is feasible. Doing so will help ensure food security, free up water 
resources, reduce competition and conflicts and allow cities and industries to grow. At the same time, 
it is important to put in place rules to govern the allocation of the water saved. In many irrigation 
systems, there is large scope for improvement, by enhancing water distribution rules, using 
appropriate water control structures, controlling leakages, and promoting smart measures for better 
water management at farmer field level. Such programmes often yield immediate results without a 
long gestation period. 
 
Moreover, improved efficiency in agricultural water use brings other benefits: less diseases, less back-
breaking labour, less salinity, and waterlogging. There is also room for improving water use efficiency 
in rain-fed and flood-dependent agricultural water systems. A broad repertoire of measures can help 
retain and store these more erratic water resources. There is also high potential for increased 

                                                      
1Includes Morocco, Algeria, Tunisia, Libya, Egypt, Jordan, Palestine, Israel, Lebanon, Syria, Iraq and the Arabian 
Peninsula 
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productivity gains from rain-fed and flood-based farming, predicted by many to be the source for a 
large part of the future increase in global food production.” 
 
Islamic Development Bank, Water Sector Policy (2020) 

 

Various challenges and opportunities for improving water productivity in MCs can be summarized as 
follows: 

1. Poor governance is usually at the root of depleting water resources. Often water stress is much 
more a question of continued mismanagement than it is of physical scarcity. Depleting aquifers due 
to unregulated extractions, water losses from source to tap, wastages on the consumer side, inability 
to harness floods and capture run-off: All these problems of governance contribute to the current 
water crisis, which, if drastic measures are not taken, will hinder human and economic development, 
and result in environmental disasters and social unrest.  

2. Water, energy, food, health, and other sectors are often managed in silos’, meaning there is not yet 
enough cooperation and alignment among them. Even the water sub-sectors, water for domestic 
use, industries, agriculture, and the environment are not managed in an integrated manner.  

3. In agricultural water management, large savings are possible and must happen. While being by far 
the largest water user across the IsDB MCs, agricultural water use efficiency is low, particularly in 
mega irrigation systems in Central Asia and South Asia, and the Sahel. In terms of economic value 
and volume of production per unit of water used, water productivity is also alarmingly low and, in 
some MCs, is decreasing. Causes of low efficiency are degraded infrastructures leading to losses 
from storage to field, unregulated water supplies, overapplication of water, and poor field-level 
water management practices. Low water prices and energy subsidies encourage wasteful use of 
canal water and depletion of groundwater. Salinization – often the result of poor irrigation 
management - affects particularly MCs in Central Asia, Iran, Pakistan, Afghanistan, Iraq, Syria, and 
Morocco, among others, with 1.5 million ha of arable land lost annually. There is a silver lining: water 
productivity in agriculture can be vastly improved by at least 25 percent2.  

4. There is a sizeable unused potential of non-conventional water sources and scope to capture a 
much larger proportion of the rainfall and flood run-off, especially in arid and semi-arid areas, to 
sustain agriculture and domestic water uses. Similarly, the treatment and reuse of domestic, 
industrial, and agricultural wastewater hold significant potential for enhancing water supply in 
water-stressed MCs. 

5. Climate change effects are an increasing frequency and intensity of floods and droughts. Flood 
damage constitutes about a third of the economic losses inflicted by natural hazards worldwide, 
and floods are, together with windstorms, the most frequent natural disaster.  

This document describes the trends in agricultural water consumption, biomass production, and water 
productivity in selected IsDB MCs. It uses the FAO WaPOR database, which collects data for the areas 
classified as irrigated and rainfed, data at 10-day intervals, at resolutions varying from 100m (WaPOR 
Level 2 -available for selected countries) or 250 m (WaPOR Level 1). The data used for the trend analyses 
over the period 2009-2020 are derived from the FAO WaPOR database and only 250 m (WaPOR Level 

                                                      
2 Ambitioned by government of the Netherlands in its sustainable development, food security, water 
and climate programmes https://www.rijksfinancien.nl/memorie-van-
toelichting/2019/OWB/XVII/onderdeel/d17e9700 (accessed June 2022) 

https://www.rijksfinancien.nl/memorie-van-toelichting/2019/OWB/XVII/onderdeel/d17e9700
https://www.rijksfinancien.nl/memorie-van-toelichting/2019/OWB/XVII/onderdeel/d17e9700
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1) is used. The FAO WaPOR database continues to add more recent data, making it possible to update 
the trend analysis beyond the year 2020.  

2 The concept of Water Productivity 

2.1 Description of Water Productivity 

Globally, the agricultural sector is the largest water user, accounting for at least 70% of all water 
withdrawals (Scheierling & Tréguer, 2018). This number is expected to go up even more in the upcoming 
decades. While people's livelihoods and national food security depend highly on effective crop 
production, water is often the limiting factor. Water resources are finite, and there is competition with 
other water users and the environment. This highlights the importance of improving agriculture's water 
use efficiency to improve water, food security, and farm returns.  

Improving water productivity, defined as the amount of agricultural production per volume of water 
consumed, is a vital component. Water productivity has different definitions, ranging from biophysical 
economic to socio-economic. This analysis focuses on biophysical water productivity, or in popular 
terms, the ‘crop per drop’ (Giordano et al., 2021).  

Despite this urgency to improve water use efficiency and productivity, the overall trends in the actual 
performance of the water systems in many countries have been negative rather than positive. As the 
results of this report show, water productivity in many countries has decreased rather than improved. 
These insights highlight the potential to reach food security by improving water management practices.  

2.2 WaPOR data base and opportunities to measure at different scales 
This report presents various analyses that use the FAO portal to monitor Water Productivity through 
Open access of remotely sensed derived data (WaPOR). WaPOR data is open access and provides near 
real-time pixel-based information on actual evapotranspiration, biomass production, reference 
evapotranspiration, and biophysical water productivity at a seasonal or annual scale. The data base is 
updated every ten days. It provides data from 2009 to the present at three levels: (1) a continental level 
with a resolution of 250 m, (2) a country/basin level with a resolution of 100 m, and (3) a field-scale level 
for 12 selected irrigation schemes and agricultural areas with a resolution of 30 m. This WaPOR data is 
used by many users and supports decision makers and farmers to improve water productivity.  

2.3 How to read this report 
This report shows six indicators and data components for 2009-2020, based on remotely sensed derived 
data from FAO’s WaPOR portal (wapor.apps.fao.org) at a continental scale (Level 1 - 250m). These 
indicators and data components are the actual evapotranspiration and interception (ETa); the total 
biomass production (TBP); the gross biomass water productivity (GBWP), which is the ratio between TBP 
and ETa; the reference evapotranspiration (ETref); the ratio between the ETa and ETref; and the ratio 
between the ETa and precipitation (P). 

Each of these indicators were calculated for irrigated or rainfed areas, including the annual values; the 
annual average over the full period (12 years); the percentage change over the period; and if the change 
was found to be significant (based on the Mann-Kendall-test with a significance threshold of 0.05). The 
results are presented per country. The analyses are implemented at pixel-basis and then averaged for 
each country. The individual country level analyses are presented Chapter 4, whereas the inter-
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comparison between countries is presented in Chapter 3. The pixel-based analyses can be found on the 
Google Earth Engine Application3. Annex I provides a detailed description of the methodology applied. 

 Actual evapotranspiration and interception: 

The annual Actual Evapotranspiration and Interception (ETa) [mm/year] is the sum of the soil 
evaporation (E), canopy transpiration (T), and evaporation from rainfall intercepted by leaves (I) (FAO, 
2018). The ETa shows how much water the irrigation croplands consume. ETa reflects water consumed, 
i.e., no longer physically present in a particular watershed. One part of ETa comes from precipitation, 
and another part from the irrigation water supply.  

 Total biomass production: 

The annual Total Biomass Production (TBP) expresses the total amount of dry matter produced in 
tons/ha (FAO, 2018). The TBP is the indicator to express food production. The TBP is based on Net 
Primary Production (NPP). The NPP reflects the daily net carbon exchange between land and the 
atmosphere. During sunlight hours, crops intake carbon and release water vapor into the atmosphere. 
During night-time, part of the carbon is respired back into the atmosphere. The net result is the NPP 
(FAO, 2018). NPP is calculated in WaPOR using a remote sensing light use efficiency model. The NPP is 
converted to TBP, where the factor includes the total weight of stems, branches, leaves, flowers, grains, 
lints, stubbles, bulbs, roots, and tubers (FAO, 2018). The conversion factor applies only to C3 crops 
(vegetables, wheat, or groundnuts) and not C4 crops (sugarcane, sorghum or maize) as this requires an 
additional conversion factor. In absence of a detailed crop map, no distinction between locations with 
C3 and C4 crops could be made; therefore, all vegetation was assumed to be C3 crops. Countries with 
a low TBP value reflect a low biomass production, and countries with a high TBP value reflect a high 
biomass production. 

 Gross biomass water productivity 

The annual Gross Biomass Water Productivity (GBWP) [kg/m3] expresses the quantity of output (TBP in 
kg) in relation to the total volume of water consumed (ETa in m3). By relating TBP to ETa (sum of soil 
evaporation, canopy transpiration, and an interception), the indicator provides insights into the impact 
of vegetation development on consumptive water use and thus on water balance in each domain (FAO, 
2018). Countries with a low GBWP value reflect a low vegetation development per unit of consumptive 
water use, and countries with a high GBWP value reflect a high vegetation development per unit of 
consumptive water use. GBWP usually relates to crop yield, but this level of detail was not possible; 
therefore, GBWP was determined with the simplification of assuming only C3 crops. The croplands per 
country studied in this research have different climatic conditions, climate influences crop development 
and GBWP. This means different climates can cause high or low performance of crop development on 
consumptive water use. That is why besides GBWP, the ETref will be shown in this report per country to 
show the differences in climate or atmospheric conditions. Some countries have better climatic 
conditions for crop development and higher GBWP. It is therefore essential to consider the climatic 
conditions. 

 Reference Evapotranspiration 

The annual Reference Evapotranspiration (ETref) became a well-recognized concept to express the 
climatologic variability of crop ET. The attractive character of ETref is that it is only affected by climatic 
factors, excluding other factors like for example crop and soil typology (Allen et al., 1998). The WaPOR 
ETref is derived from the Penman-Monteith equation (FAO-56; Allen et al., 2005). Outputs from global 

                                                      
3 https://waterpiporg.users.earthengine.app/view/cia-annualtrends 
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atmospheric reanalysis models (GEOS5, ERA5) are used for meteorological inputs of ETref and solar 
radiation derived from the Meteosat Second Generation (MSG). 

 ETa/ETref 

The annual ratio ETa/ETref shows how the ETa relates to the atmospheric demand in evapotranspiration. 
If during a specific year the atmospheric demand for evapotranspiration is high because of the climatic 
conditions, it is more likely that there is a high ETa as well. This ratio helps to understand whether a 
higher or lower ETa could be driven by a change in the climatic conditions. When over the 12-year 
period, the ratio ETa/ETref increases, this suggests an increase in water consumption beyond 
compensating for a change the atmospheric demand. 

 ETa/P 

The ratio of annual ETa over annual precipitation is especially of interest for rainfed areas. If rainfall is 
the only water source, the ETa is usually not higher than the precipitation, which should lead to a value 
below one. If this value increases over time, this might be an indicator of decreasing precipitation or an 
increase in the use of other water sources that enable evapotranspiration.  

 Selection of the areas 

Table 2-1 shows the different countries that are included in the study for irrigated cropland and rainfed 
croplands. In the analysis, not all countries that are part of the IsDB could be covered. For the analysis, 
WaPOR data is used, which is available for Africa and the MENA region. Therefore, the countries outside 
this region are not included.  

Table 2-1: List of countries included in the analysis and countries available in WaPOR. 

Irrigated Rainfed No WaPOR 
data 
available Included in this study Not included in 

this study 
Included in this study Not included 

in this study 
Algeria Mozambique Bahrain Algeria Mauritania Bahrain Afghanistan 
Benin Niger Comoros Benin Morocco Comoros Albania 
Burkina Faso Nigeria Djibouti Burkina Faso Mozambique Djibouti Azerbaijan 
Cameroon Oman Gabon Cameroon Niger Gabon Bangladesh 
Chad Palestine Sierra Leone Chad Nigeria Sierra Leone Brunei 
Egypt Qatar Côte D’Ivoire Côte D’Ivoire Palestine Kuwait Guyana 
Gambia Saudi Arabia Guinea-Bissau Egypt Saudi Arabia Oman Indonesia 
Guinea Senegal  Gambia Senegal Qatar Kazakhstan 
Iran Somalia  Guinea Somalia United Arab 

Emirates 
Kyrgyzstan 

Iraq Sudan  Guinea-Bissau Sudan  Malaysia 
Jordan Syria  Iran Syria  Maldives 
Kuwait Togo  Iraq Togo  Pakistan 
Lebanon Tunisia  Jordan Tunisia  Suriname 
Libya Uganda  Lebanon Uganda  Tajikistan 
Mali United Arab 

Emirates 
 Libya Yemen  Turkey 

Mauritania Yemen  Mali   Turkmenistan 
Morocco      Uzbekistan 
33 countries 7 countries 31 countries 9 countries 17 countries 

 

For the countries located within Africa and the MENA region, the WaPOR land cover classification (LCC) 
layer at continental scale (Level 1 250m) was used to identify the irrigated and rainfed areas. For this, 
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the pixels classified as rainfed cropland or irrigated cropland in all years 2009-2020 were selected. On 
this selection of pixels, several data quality filters were applied, and the pixels with low data quality that 
did not meet the set requirements were discarded (See Annex I for more details). If only a minimal 
number of pixels was kept after the filtering, all pixels were discarded. All selected pixels are taken as 
input. Annex II provides tables with the number of pixels identified in each country for each of the 
different steps of the selection process, the exact area covered per country in the analyses, and the long-
term NDVI data quality.  

Figure 2-1 and Figure 2-2 show the total areas analysed per country. Even though the results are visually 
presented as a country value, these values are the average of the areas (pixels) identified as respectively 
irrigated and rainfed croplands. 

Figure 2-1: Total area included in the analysis 
for irrigated cropland per country. 

 

Figure 2-2: Total area included in the analysis for 
rainfed cropland per country. 

 
 

 Reading the country results 

For each of the countries a set of results are presented for the irrigated croplands and the rainfed 
croplands. For the first results, the mean value per year was determined from all the pixels that are 
analysed, these values are shown in the graphs. If a trend was found to be significant (at the % level), 
the trendline is also shown in the graph.  The 12-year mean values, trend (or tendency, if no significant 
trend was found), slope and p-values for the significant trends are provided in the table below the 
graphs. 

 

 

  



 7 

3 General trends and patterns 

3.1 Irrigated areas 
This section describes the average values for all countries on (1) annual ETa, (2) annual TBP in irrigated 
areas, (3) annual GBWP in irrigated areas, (4) annual ETref in irrigated areas, (5) annual ratio of ETa over 
ETref in irrigated areas, (6) annual ratio of ETa over precipitation in irrigated areas. For each component, 
the percentage change and its significance are also shown. Annex II provides an overview table with all 
values. 

 Average annual actual evapotranspiration and interception  

Figure 3-1 shows a map of the average annual ETa in irrigated areas. 

 

Figure 1-1 average annual ETa in irrigated areas. 

 

Despite the large concerns on water security and many calls for, water consumption in the existing 
irrigated areas in almost all member countries, ETa in the irrigated areas has increased (Figure 3-2). Most 
countries show a substantial increase. Table 3.1 gives the average ETa in the selected member countries. 
What stands out is the difference between the member countries, with average ETa being significantly 
higher in most countries in Sub Saharan Africa. Of the MENA countries, Egypt stands out with an average 
ETa of 1,346 mm/year, higher than the other countries in MENA region. 
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Figure 3-2 Percentage change in ETa in irrigated areas over the period of 2009-2020 

 

Table 3-1: Average ETa in irrigated areas in the selected member countries over the period 2009-2020. 

Country 
ETa over 2009-2020 (mm/year)   

Country 
ETa over 2009-2020 (mm/year) 

Mean Change  Mean Change 
Algeria 738 16%   ↑  Mozambique 1,121 -3% 
Benin 1,360 9%   Niger 941 23%          ↑ 

Burkina Faso 1,345 15%   Nigeria 1,189 18% 
Cameroon 1,310 10%         ↑  Oman 659 1% 
Chad 1,366 13%         ↑  Palestine 575 21%           ↑ 

Egypt 1,346 8%          ↑  Qatar 1,028 17% 
Gambia 1,295 23%        ↑  Saudi Arabia 823 11% 
Guinea 1,206 8%  Senegal 1,034 34%          ↑ 

Iran 658 23%         ↑  Somalia 895 14% 
Iraq 709 35%         ↑  Sudan 985 23%          ↑ 

Jordan 559 36%         ↑  Syria 630 -15% 
Kuwait 1,025 13%          ↑  Togo 1,312 7% 
Lebanon 871 -13%  Tunisia 725 24%          ↑ 

Libya 465 -1%  Uganda 1,535 -8%           ↓ 

Mali 1,167 18%  United Arab Emirates 579 -10% 
Mauritania 894 34%          ↑  Yemen 616 19%          ↑ 

Morocco 730 9%     
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 Average annual total biomass production 

Figure 3-3 shows an overview map of the average annual TBP in irrigated areas over the period of 2009-
2020. Uganda and Togo stand out with a TBP of 28.42 t/ha/year and 20.32 t/ha/year, respectively (Table 
3-2). Niger and Yemen have the lowest TBP being 4.62 t/ha/year and 4.14 t/ha/year, respectively.  

 

 

Figure 3-3 average annual TBP in irrigated areas over the period of 2009-2020 

 

Figure 3-4 displays the percentage change in TBP in irrigated areas over the period 2009-2020. What 
stands out is the remarkable significant increase of Iraq with 58%. Benin showed the biggest decrease 
(-35%) (Table 3-2).  
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Figure 3-4 Percentage change in TBP in irrigated areas over the period of 2009-2020 

 

Table 3-2: Total annual TBP in irrigated areas in the selected member countries over the period 2009-
2020. 

Country 
Biomass production over 2009-

2020 (t/ha/year) 
 
Country 

Biomass production over 2009-
2020 (t/ha/year) 

Mean Change Mean Change 
Algeria 12.2 10% Mozambique 17.7 5% 
Benin 7.3 -35% Niger 4.6 8% 
Burkina Faso 9.9 -27% Nigeria 7.5 -7% 
Cameroon 8.3 -25% Oman 5.6 16% 
Chad 8.1 -7% Palestine 9.3 23%         ↑ 

Egypt 17.8 5% Qatar 8.3 19% 
Gambia 9.6 -33%         ↓ Saudi Arabia 8.5 -6% 
Guinea 11.3 -23%         ↓ Senegal 6.2 -6% 
Iran 9.2 22%          ↑ Somalia 10.6 11% 
Iraq 5.7 58%          ↑ Sudan 5.1 34%        ↑ 

Jordan 7.7 19% Syria 8.4 -22% 
Kuwait 9.9 8% Togo 20.3 -27%         ↓ 
Lebanon 14.5 2% Tunisia 12.4 19%        ↑ 

Libya 8.2 12% Uganda 28.4 10% 
Mali 6.1 -29% United Arab Emirates 6.0 -8% 
Mauritania 5.0 0% Yemen 4.1 46%        ↑ 

Morocco 15.0 7%    
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 Average annual gross biomass water productivity 

Figure 3-5 shows the average annual GBWP in irrigated areas over the period of 2009-2020. This number 
expresses the quantity of output (TBP in kg) in relation to the total volume of water consumed (ETa in 
m3). The lower this number, the more water was used to produce the same amount of biomass. Morocco 
shows the highest average GBWP (2.11 kg/m3). With a GBWP of 0.48 kg/m3 Niger shows the lowest 
average (Table 3-3). 

 

 

Figure 3-5 Average annual GBWP in irrigated areas. 

 

18 out of 33 countries show a decrease in GBWP (Figure 3-6). Benin and Gambia stand out with an 
average actual GBWP change of -57% and -61% respectively. Iraq has the highest increase, being 23% 
(Table 3-3).  
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Figure 3-6 Percentage of change in GBWP in irrigated areas over the period of 2009-2020 

 

Table 3-3: GBWP in irrigated areas in the selected member countries over the period 2009-2020. 

Country 
GBWP over 2009-2020 (kg/m3)  

Country 
GBWP over 2009-2020 (kg/m3) 

Mean Change Mean Change 
Algeria 1.74 -11%         ↓ Mozambique 1.58 5% 
Benin 0.53 -57% Niger 0.48 -11% 
Burkina Faso 0.73 -42% Nigeria 0.62 -23% 
Cameroon 0.64 -31% Oman 0.82 12% 
Chad 0.59 -24% Palestine 1.60 6% 
Egypt 1.35 -5% Qatar 0.80 1% 
Gambia 0.76 -61%         ↓ Saudi Arabia 0.95 1% 
Guinea 0.93 -27%        ↓ Senegal 0.60 -42%         ↓ 

Iran 1.43 7% Somalia 1.16 2% 
Iraq 0.87 23%         ↑ Sudan 0.50 18% 
Jordan 1.39 -22% Syria 1.37 3% 
Kuwait 0.98 -7% Togo 1.55 -38%         ↓ 
Lebanon 1.68 17% Tunisia 1.73 -10% 
Libya 1.82 12% Uganda 1.87 19% 
Mali 0.52 -42% United Arab Emirates 1.05 2% 
Mauritania 0.56 -42%         ↓ Yemen 0.62 37%          ↑ 

Morocco 2.11 -6%    
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 Average annual reference evapotranspiration  

Figure 3-7 provides an overview map of the average annual ETref in irrigated areas over the period 
2009-2020. Benin has the lowest average annual ETref, being 1,415 mm/year. With an average annual 
ETref of 3,051 mm/year, Yemen has the highest score.  

 

 

Figure 3-7 Average annual ETref in irrigated areas over the period of 2009-2020 

 

Figure 3-8 shows the changes, over the period of 2009-2020, in ETref in irrigated areas in percentages. 
Lebanon shows the largest decease (-9%), followed by Jordan (-4%). Senegal, Togo, and Tunisia show 
the largest increase, all being 11% (Table 3-4).  
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Figure 3-8 Percentage change in ETref in irrigated areas 

 

Table 3-4 ETref in irrigated areas in the selected member countries over the period 2009-2020. 

Country 
ETref over 2009-2020 

(mm/year) 
 
Country 

ETref over 2009-2020 
(mm/year) 

Mean Change Mean Change 
Algeria 1,675 6% Mozambique 1,914 3% 
Benin 2,428 7% Niger 2,849 -3% 
Burkina Faso 2,489 5% Nigeria 2,614 -1% 
Cameroon 2,564 1% Oman 2,238 4% 
Chad 2,777 4% Palestine 1,722 -1% 
Egypt 2,270 2% Qatar 2,674 9%         ↑ 

Gambia 2,503 12% Saudi Arabia 2,527 -2%        ↓ 

Guinea 2,058 5% Senegal 2,879 11%         ↑ 

Iran 1,672 -2% Somalia 2,433 4% 
Iraq 2,561 3% Sudan 3,051 -3% 
Jordan 1,894 -4% Syria 1,943 3% 
Kuwait 2,865 9%        ↑ Togo 1,652 11%        ↑ 
Lebanon 1,451 -9% ↓ Tunisia 1,647 11%        ↑ 

Libya 2,290 3% Uganda 1,710 -6%        ↓ 

Mali 2,809 6% United Arab Emirates 2,433 10% 
Mauritania 2,943 9%        ↑ Yemen 2,205 -1% 
Morocco 1,723 9%        ↑    
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 Average annual ratio of ETa over ETref 

Figure 3-9 shows an overview map of the average annual ratio of ETa over ETref in irrigated areas. 
Uganda has the highest ratio, being 0.91 (Table 3-5). This is followed by Togo with a ratio of 0.80.  Libya 
has the lowest ratio (0.22) followed by the United Arab Emirates (0.24).  

 

 

Figure 3-9 Average annual ratio of ETa over ETref in irrigated areas over the period of 2009-2020 

 

Figure 3-10 displays the change in the annual ratio of ETa over ETref in irrigated areas over the period 
of 2009-2020. The United Arab Emirates showed the highest decrease, being -24%. This is followed by 
Syria with a decrease of -17%. Jordan shows the largest increase (43%), followed by Iraq with an increase 
of 32% (Table 3-5).  
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Figure 3-10 Change in annual ratio of ETa over ETref in irrigated areas over the period of 2009-2020 

 

Table 3-5 Annual ratio of ETa over ETref in irrigated areas over the period of 2009-2020 

Country 
ETa/ETref over 2009-2020 (-)  

Country 
ETa/ETref over 2009-2020 (-) 

Mean Change Mean Change 
Algeria 0.46 9% Mozambique 0.59 -6% 
Benin 0.56 2% Niger 0.34 22%        ↑ 

Burkina Faso 0.55 9% Nigeria 0.46 17% 
Cameroon 0.51 6% Oman 0.30 -1% 
Chad 0.50 16% Palestine 0.34 24%        ↑ 

Egypt 0.60 7%         ↑ Qatar 0.38 8% 
Gambia 0.52 10% Saudi Arabia 0.33 13% 
Guinea 0.59 3% Senegal 0.36 23%        ↑ 

Iran 0.42 16%        ↑ Somalia 0.37 6% 
Iraq 0.28 32%        ↑ Sudan 0.32 26%        ↑ 

Jordan 0.30 43%        ↑ Syria 0.33 -17% 
Kuwait 0.36 6% Togo 0.80 -3% 
Lebanon 0.60 -1% Tunisia 0.45 9% 
Libya 0.22 3% Uganda 0.91 1% 
Mali 0.42 13% United Arab Emirates 0.24 -24% 
Mauritania 0.30 25%        ↑ Yemen 0.28 23% 
Morocco 0.43 2%    
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 Average annual ratio of ETa over precipitation 

Figure 3-11 shows an overview map of the average annual ratio of ETa over precipitation in irrigated 
areas. On this map Egypt, Libya, and Kuwait stand out with an extremely high ratio, being 629, 59, and 
13 respectively. Guinea has the lowest rate, being 0.94 (Table 3-6).  

 

 

Figure 3-11 Average annual ratio of ETa over precipitation in irrigated areas 

 

Figure 3-12 shows a map of the change in percentage of average annual ratio of ETa over precipitation 
over the period of 2009-2020. Mauritania and Senegal show the largest increase; 82% and 90% 
respectively. This is followed by Morocco and Somalia with an increase of 53% and 54%, respectively. 
Yemen shows the highest decrease of -56% (Table 3-6).  
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Figure 3-12 Percentage change in the average annual ratio of ETa over precipitation in irrigated areas over 
the period of 2009-2020 

 

Table 3-6 Average annual ratio of ETa over precipitation in irrigated areas over the period of 2009-2020 

Country 
ETa/P 2009-2020 (-)  

Country 
ETa/P 2009-2020 (-) 

Mean Change Mean Change 
Algeria 2.83 54%        ↑ Mozambique 1.74 -9% 
Benin 1.71 -9% Niger 2.98 11% 
Burkina Faso 1.75 10% Nigeria 2.29 -3% 
Cameroon 1.77 -21% Oman 7.45 -19% 
Chad 2.87 -21% Palestine 1.92 13% 
Egypt 628.64 20% Qatar 9.80 14% 
Gambia 1.87 16% Saudi Arabia 9.37 -54% 
Guinea 0.94 13% Senegal 4.56 90%        ↑ 

Iran 2.38 14% Somalia 2.73 54%        ↑ 

Iraq 5.33 5% Sudan 6.92 -25% 
Jordan 3.60 51% Syria 3.19 -28% 
Kuwait 13.48 -20% Togo 1.38 17% 
Lebanon 1.52 -3% Tunisia 2.02 39%        ↑ 

Libya 59.33 -10% Uganda 1.52 -19% 
Mali 2.74 15% United Arab Emirates 9.23 -42% 
Mauritania 3.91 82%        ↑ Yemen 3.07 -56%       ↓ 

Morocco 2.57 53%        ↑ 
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3.2 Rainfed areas 

Through figures, this section describes the average values for all countries on (1) annual ETa; (2) annual 
TBP in rainfed areas; (3) annual GBWP in rainfed areas; (4) annual ETref in rainfed areas; (5) annual ratio 
of ETa over ETref in rainfed areas; (6) annual ratio of ETa over precipitation in rainfed areas. For each 
component, the percentage change its significance are also shown. Annex II provides an overview table 
with all values.  

 Annual ETa 

Figure 3-13 shows a map with the average annual ETa in rainfed areas. It shows that the lowest average 
ETa was found in Saudi Arabia, being 240 mm/year. This is followed by Yemen with 282 mm/year. 
Uganda and Côte D’Ivoire have the highest annual ETa, being 1,402 and 1,298 mm/year respectively 
(Table 3-7).  

 

Figure 3-13 Average annual ETa in rainfed areas 

 

Figure 3-14 shows the average change in annual ETa over the period of 2009-2020. Iraq shows the 
highest increase (81%) followed by Yemen (56%) and Saudi Arabia (37%). The biggest decrease was 
found in Egypt, being -28% (Table 3-7).  
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Figure 3-14 Average annual ETa in rainfed areas over the period of 2009-2020 

 

Table 3-7: Average ETa in rainfed areas in the selected member countries over the period 2009-2020. 

Country 
ETa over 2009-2020 (mm/year)  

Country 
ETa over 2009-2020 (mm/year) 

Mean Change Mean Change 
Algeria 401 8% Mauritania 477 34%        ↑ 
Benin 1,116 6% Morocco 371 -9% 
Burkina Faso 888 8% Mozambique 997 -6% 
Cameroon 988 4% Niger 453 22%        ↑ 
Chad 973 7% Nigeria 824 5% 
Côte D’Ivoire 1,298 -3% Palestine 425 29%        ↑ 
Egypt 318 -28% Saudi Arabia 240 37%        ↑ 
Gambia 868 9%         ↑ Senegal 556 8% 
Guinea 1,117 5% Somalia 443 18% 
Guinea-Bissau 1,064 12%        ↑ Sudan 593 29%        ↑ 
Iran 313 31% Syria 358 8% 
Iraq 348 81%        ↑ Togo 1,086 12% 
Jordan 346 25% Tunisia 433 21%        ↑ 
Lebanon 595 -2% Uganda 1,402 -18%       ↓ 
Libya 318 17% Yemen 282 56%        ↑ 
Mali 822 6%    
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 Annual total biomass production 

Figure 3-15 shows the average annual TBP in rainfed areas for all countries in this study. Mozambique 
and Uganda show the highest TBP average, being 20.6 and 29.1 t/ha/year respectively. Saudi Arabia has 
the lowest TBP (0.5 t/ha/year). This is followed by Yemen (1.1) and Niger (1.9) (Table 3-8).  

 

 

Figure 3-15 Average annual TBP in rainfed areas 

 

Figure 3-16 show the change in annual TBP in rainfed areas over the period of 2009-2020. 
Corresponding to the next section on GBWP, west side countries show a negative tendency whilst east 
side countries show a more positive tendency. The largest increase was found in Saudi Arabia and 
Yemen; 117% and 80% respectively. The largest negative change was found in Senegal (-59%) and 
Gambia (-47%) (Table 3-8).  
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Figure 3-16 Change in annual TBP in rainfed areas over the period of 2009-2020 
 
Table 3-8: Total annual TBP in rainfed areas in the selected member countries over the period 2009-2020. 

Country 
Biomass production over 2009-2020 

(t/ha/year) 
 
Country 

Biomass production over 2009-2020 
(t/ha/year) 

Mean Change Mean Change 
Algeria 8.0 -3% Mauritania 2.7 -41%        ↓ 
Benin 9.9 -43% Morocco 9.1 -10% 
Burkina Faso 7.1 -41%        ↓ Mozambique 20.6 -4% 
Cameroon 10.8 -18% Niger 1.9 1% 
Chad 9.1 -23% Nigeria 7.6 -9% 
Côte D’Ivoire 14.4 -31%        ↓ Palestine 7.0 30%        ↑ 
Egypt 6.3 14% Saudi Arabia 0.5 117%        ↑ 
Gambia 8.1 -47%        ↓ Senegal 4.7 -59%       ↓ 
Guinea 13.4 -27%        ↓ Somalia 5.0 35% 
Guinea-Bissau 11.4 -43%        ↓ Sudan 4.0 43% 
Iran 5.3 35% Syria 7.0 11% 
Iraq 5.4 70%         ↑ Togo 12.0 -42%       ↓ 
Jordan 5.3 31% Tunisia 8.7 11% 
Lebanon 10.5 7% Uganda 29.1 14%         ↑ 
Libya 6.2 25% Yemen 1.1 80%        ↑ 
Mali 6.9 -36%        ↓    
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 Annual gross biomass water productivity 

Figure 3-17 shows the average annual GBWP in rainfed areas. It shows that the highest GBWP was found 
in Morocco, being 2.48 kg/m3. Saudi Arabia and Yemen show the lowest GBWP, being 0.21 kg/m3 and 
0.36 kg/m3 respectively (Table 3-9).  

 

 

Figure 3-17 Average annual GBWP in rainfed areas 

 

Figure 3-18 shows an overview map of the percentage change in GBWP in the rainfed areas of all 
countries in this study. What stands out is that the countries more on the westside all show a negative 
tendency. The countries on the east side show a positive tendency.  

Egypt and Saudi Arabia show the biggest increase, being 45% and 63% respectively. Mauritania and 
Senegal show the largest decrease, being 78% and 72% respectively (Table 3-9).  
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Figure 3-18 Change in annual GBWP in rainfed areas over the period of 2009-2020 

 

Table 3-9: GBWP in rainfed areas in the selected member countries over the period 2009-2020. 

Country 
GBWP over 2009-2020 (kg/m3)  

Country 
GBWP over 2009-2020 (kg/m3) 

Mean Change Mean Change 
Algeria 2.02 -14%        ↓ Mauritania 0.54 -78% 
Benin 0.89 -50% Morocco 2.48 0% 
Burkina Faso 0.80 -50% Mozambique 2.11 2% 
Cameroon 1.07 -18% Niger 0.42 -20% 
Chad 0.92 -31% Nigeria 0.89 -6% 
Côte D’Ivoire 1.11 -32%        ↓ Palestine 1.64 6% 
Egypt 2.02 45%         ↑ Saudi Arabia 0.21 63%         ↑ 
Gambia 0.94 -65%        ↓ Senegal 0.81 -72%        ↓ 
Guinea 1.20 -34%        ↓ Somalia 1.14 24% 
Guinea-Bissau 1.05 -57%        ↓ Sudan 0.63 19% 
Iran 1.72 1% Syria 1.96 -3% 
Iraq 1.54 12% Togo 1.09 -52%        ↓ 
Jordan 1.54 25%         ↑ Tunisia 2.02 -18%        ↓ 
Lebanon 1.77 4% Uganda 2.11 33%         ↑ 
Libya 1.94 5% Yemen 0.36 46% 
Mali 0.81 -48%    
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 Annual ETref  

Figure 3-19 shows the average annual ETref in rainfed areas over the period of 2009-2020. Countries in 
the Sahel region show a higher ETref. Mauritania shows the highest ETref, being 2,881 mm/year. This is 
closely followed by Niger (2,814 mm/year) and Sudan (2,718 mm/year). Lebanon and Iran show the 
lowest ETref, being 1,432 mm/year and 1,504 mm/year respectively (Table 3-10).  

 

 

Figure 3-19 Average annual ETref in rainfed areas 

 

Figure 3-20 shows the percentage of change in ETref in rainfed areas over the period of 2009-2020. This 
map shows that there is a more negative tendency for countries on the east side. Countries on the west 
side show a more positive tendency. This corresponds to Figure 3-18 and 3-16 on TBP and GBWP. It 
suggests that an increase in ETref results in a decrease in biomass production and GBWP.  

The strongest increase was found in Guinea-Bissau, being 16%. This is followed by Senegal (14% 
increase). The strongest decrease was found in Uganda (-16%), followed by Somalia (-9%) (Table 3-10).  
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Figure 3-20 Change in annual ETref in rainfed areas over the period 2009-2020 

 

Table 3-10: Average and change annual ETref in rainfed areas in the selected member countries over the 
period 2009-2020. 

Country 
ETref over 2009-2020 (mm/year)  

Country 
ETref over 2009-2020 (mm/year) 

Mean Change Mean Change 
Algeria 1,536 10% Mauritania 2,881 5% 
Benin 2,261 9% Morocco 1,666 13%        ↑ 
Burkina Faso 2,401 5% Mozambique 1,694 -3% 
Cameroon 2,302 -2% Niger 2,814 -2% 
Chad 2,377 5% Nigeria 2,376 -3% 
Côte D’Ivoire 2,024 2% Palestine 1,713 0% 
Egypt 1,630 -4% Saudi Arabia 2,469 -5% 
Gambia 2,465 13%        ↑ Senegal 2,621 14%        ↑ 
Guinea 2,015 3% Somalia 2,383 -9% 
Guinea-Bissau 1,975 16%        ↑ Sudan 2,718 -1% 
Iran 1,504 -8% Syria 1,695 2% 
Iraq 1,762 -8% Togo 1,975 13% 
Jordan 1,880 -3% Tunisia 1,546 12%        ↑ 
Lebanon 1,432 -4% Uganda 1,681 -16%       ↓ 
Libya 1,792 9% Yemen 2,254 0% 
Mali 2,468 7%    
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 Average annual ratio of ETa per annual ETref  

Figure 3-21 shows the average annual ratio of ETa over ETref in rainfed areas over the period of 2009-
2020. The highest ratio was found in Uganda, being 0.84. This was followed by Côte D’Ivoire with 0.64 
and Mozambique 0.59. The lowest ratio was found in Saudi Arabia (0.10), followed by Yemen (0.13) and 
Niger (0.16) (Table 3-11).  

 

 

Figure 3-21 Average ratio of annual ETa over ETref in rainfed areas 

 

Figure 3-22 shows the change in the average annual ratio of ETa over ETref in rained areas over the 
period of 2009-2020. The biggest increase was found in Iraq with 81%, followed by Yemen with 60%. 
The biggest decrease was found in Egypt (-25%), followed by Morocco (-19%) (Table, 3-11).  
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Figure 3-22 Change in ratio of annual ETa over ETref in rainfed areas over the period of 2009-2020 
 

Table 3-11 Annual ETa over ETref in rainfed areas over the period of 2009-2020 

Country 
ETa/ETref over 2009-2020 (-)  

Country 
ETa/ETref over 2009-2020 (-) 

Mean Change Mean Change 
Algeria 0.27 -2% Mauritania 0.17 24% 
Benin 0.50 -6% Morocco 0.23 -19% 
Burkina Faso 0.37 1% Mozambique 0.59 3% 
Cameroon 0.45 6% Niger 0.16 20%        ↑ 
Chad 0.42 -4% Nigeria 0.35 7% 
Côte D’Ivoire 0.64 -3% Palestine 0.25 29%        ↑ 
Egypt 0.20 -25% Saudi Arabia 0.10 46%        ↑ 
Gambia 0.35 2% Senegal 0.22 -4% 
Guinea 0.56 3% Somalia 0.19 29% 
Guinea-Bissau 0.54 0% Sudan 0.22 22%        ↑ 
Iran 0.22 36% Syria 0.21 6% 
Iraq 0.20 81%        ↑ Togo 0.57 -2% 
Jordan 0.19 20% Tunisia 0.28 10% 
Lebanon 0.42 5% Uganda 0.84 -4% 
Libya 0.18 17% Yemen 0.13 60%        ↑ 
Mali 0.34 -1%    
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 Average annual ratio of ETa over precipitation  

Figure 2-23 shows the average annual ratio of ETa over precipitation in rainfed areas. The lowest ratio 
was found in Iraq, being 0.63. This was followed by Guinea-Bissau with a ratio of 0.67. The highest ratio 
was found in Egypt (1.47), followed by Mauritania with a ratio of 1.22 (Table 3-12).  

 

 

Figure 3-23 Average ratio of annual ETa over precipitation in rainfed areas 

 

Figure 3-24 shows the change in the average annual ratio of ETa over precipitation in rainfed areas over 
the period of 2009-2020. The largest decrease was found in Egypt (-75%) and the largest increase was 
found in Algeria (54%) (Table 3-12).  
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Figure 3-24 Change in ratio of annual ETa over precipitation in rainfed areas over the period of 2009-2020 

 

Table 3-12 Annual ETa over precipitation in rainfed areas over the period of 2009-2020 

Country 
ETa/P 2009-2020 (-)  

Country 
ETa/P 2009-2020 (-) 

Mean Change Mean Change 
Algeria 0.83 54%        ↑ Mauritania 1.22 27% 
Benin 1.08 -5% Morocco 0.91 41% 
Burkina Faso 1.02 -1% Mozambique 0.90 -1% 
Cameroon 1.06 -21% Niger 1.13 2% 
Chad 1.06 -7% Nigeria 0.99 -18% 
Côte D’Ivoire 1.09 -6% Palestine 1.15 3% 
Egypt 1.47 -75%       ↓ Saudi Arabia 1.19 -8% 
Gambia 1.18 16% Senegal 1.00 31% 
Guinea 0.85 7% Somalia 1.01 3% 
Guinea-Bissau 0.67 22% Sudan 1.16 5% 
Iran 0.75 17% Syria 0.80 12% 
Iraq 0.63 31% Togo 0.97 17% 
Jordan 1.16 7% Tunisia 0.85 48%        ↑ 
Lebanon 0.90 3% Uganda 1.03 -36%      ↓ 
Libya 0.93 -12% Yemen 1.21 -6% 
Mali 1.00 8%    
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3.3 Comparative overview of all countries 

Figures 3-25 and 3-26 show the change in GBWP and TBP in one graph for the period of 2009-2020 for 
the irrigated areas and rainfed areas of each country. Both graphs show a similar pattern; an increase or 
decrease in TBP usually goes hand in hand with an increase or decrease in GBWP. Some countries (Egypt, 
Kuwait, Morocco, Niger, Algeria, Tunisia, and Jordan), however, show a positive change in TBP and a 
negative change in GBWP (Figure 3-25). For rainfed areas this is true for Niger, Tunisia, and Syria (Figure 
3-26). This might indicate that the total volume of water consumed increased beyond the TBP.  

 

Figure 3-25 Change in GBWP and TBP for period 2009-2009 for irrigated areas per country 

 

 

Figure 3-26 Change in GBWP and TBP for the period 2009-2020 for rainfed areas per country 
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Figure 3-27 and Figure 3-28 indicate the change in GBWP and ETa for the period of 2009-2020 for each 
country. What stands out from these graphs is that most countries show an increase in ETa, as was 
discussed in the previous sections. These graphs make clear that this increase in ETa is not always 
corresponding with an increase in GBWP as many countries are placed in the lower right corner, 
indicating an increase in ETa but a decrease in GWP. In both graphs Uganda shows a decrease in ETa 
but an increase in GBWP. This increase in GBWP is also the result of an increase in TBP (Figure 3-26 and 
3-25).  

 

Figure 3-27 Change in GBWP and ETa for period 2009-2020 for irrigated areas per country 

 

 

Figure 3-28 Change in GBWP and ETa for period 2009-2020 for rainfed areas per country 
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Figures 3-29 and 3-30 show the change in ETref and ETa for the period of 2009-2020 for each country. 
What stand out is that many countries are placed in the top right corners of the graph, indicating both 
an increase in ETref, as well as in ETa. If there if a high atmospheric demand for evapotranspiration and 
interception (a high ETref) because of climatic conditions, it is likely that there is also a high actual 
evapotranspiration. Some countries also show an increase in ETa and a decrease in ETref (e.g., Jordan 
and Iran). This indicates that for these countries the high ETa is not a result of a change in climatic 
conditions. This suggests that the water consumption has increased beyond compensating for a change 
in atmospheric demand.  

 

Figure 3-29 Change in ETref and ETa for the period of 2009-2020 for irrigated areas per country 

 

 

Figure 3-30 Change in ETref and ETa for the period of 2009-2020 for rainfed areas per country 
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4 Country reports 

In this section, in alphabetical order, the trends for each country are presented and analysed.  

4.1 Algeria 

Algeria has a total area of 2,381,741 km2. 87% of the country is occupied by the Sahara and is 
characterized by extreme weather conditions with strong thermic amplitudes. Algeria’s economy relies 
mainly on the oil and gas sector. 13.2% of the total GDP is contributed by the agricultural sector. This 
number increased over the past decade (World Bank, n.d.) This increase reflects the investments and 
plans made in the national agricultural strategy. Of the total annual renewable water resources of 11.67 
billion m3/year, 63.8% is used for agricultural purposes. The per capita available water resources are 266 
m3/cap/year, this puts Algeria on the 163rd place in the country ranking (FAO Aquastat, 2017). 

The water dependency ratio of Algeria is 3.6% (FAO Aquastat, 2017). This means that 3.6% of the water 
is coming from upstream countries. The balance of surface water withdrawal/total freshwater withdrawal 
was 17.33, and the ratio of groundwater withdrawal/total freshwater withdrawal was 82.67 (FAO 
Aquastat, 2017). This indicates that most water withdrawal is coming from groundwater sources.  

The food sector vulnerability to climate change is a 0.5 on a scale of 0-1. Algeria scores a 47 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Algeria is 
the 122nd most vulnerable country and the 138th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

The irrigated areas of Algeria coped with a significant decrease in GBWP over the past 12 years (-11%). 
An explanation for this could be the effects of climate change resulting in decreased precipitation and 
increased temperatures (Berhail, 2019; Zeroual et al., 2019). This is emphasized by the graphs in figure 
4-1 and Table 4-1. In 2010, Algeria scored a 3.69 (on a scale of 1-5) on the Aqueduct 3.0 Country rankings 
of 2010. This indicates a high level of water stress. This number is measured as the total annual water 
withdrawal expressed as a percentage of the total annual available blue water. The higher this number 
the more competition among users.  

The ETa increases significantly by 16% while the TBP increases less (10%), indicating that more water is 
evaporated than transpired. Moreover, the ETa/P shows a significant increase of 54%, which could be 
the result of decreased precipitation or an increased use of other water sources to enable ETa. The TBP 
for irrigated cropland in Algeria has increased by 10% (Table 4-1). The increase in TBP for irrigated 
cropland in Algeria could result from efforts by the government to boost the agricultural development 
and production by, e.g., encouraging modern farming and providing land grants to private investors. 
However, Algeria still largely depends on imports for its food security. 
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Figure 4-1: WaPOR results for the mean annual values of Algeria (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-1: Overview of trend analysis results for irrigated croplands in Algeria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.74 kg/m3 -11% Significant (p=0.0467) 

TBP 12.23 t/ha/year +10% NS 

ETref  1,675 mm/year +6% NS 

ETa  738 mm/year +16% Significant (p=0.0112) 

ETa/P  2.83  +54% Significant (p=0.0013) 

ETa/ETref  0.46 +9% NS 

 

 Rainfed cropland 

Rainfall in Algeria is characterized by significant spatial-temporal variability. The Mediterranean strip 
receives 1,200 mm/year. The central regions receive an average annual rainfall of 100-400 mm/year. The 
desert receives less than 100 mm/year of rain (World Bank, n.d.) 

In the rainfed areas of Algeria, a similar decreasing trend in the GBWP is distinguishable, as has been 
noticed in the irrigated croplands. The decrease is likely attributable to a slowly decreasing TBP and a 
gradually increasing ETa. Table 4-2 shows a remarkable increasing trend in the existing ETa/P, 
comparable to the ETa/P trend for irrigated croplands.  
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The peak in ETa and TBP in 2018, consequently to high yearly rainfall, is better distinguishable in the 
rainfed croplands than in the irrigated croplands. Rainfed croplands are more reliant on precipitation, 
which is why changes in precipitation are better visible in the TBP. 

 

Figure 4-2: WaPOR results for the mean annual values of Algeria (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-2: Overview of trend analysis results for rainfed croplands in Algeria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 2.02 kg/m3 -14% Significant (p=0.0335) 

TBP 8.0 t/ha/year -3% NS 

ETref 1,536 mm/year +10% NS 

ETa 401 mm/year +8% NS 

ETa/P 0.83 +54% Significant (p=0.0032) 

ETa/ETref 0.27 -2% NS 
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4.2 Benin 

Agricultural land in Benin consists of approximately 35% of this total land area. Agriculture, forestry, and 
fishing contribute to 27% of the total GDP of Benin. Around 80% of the 10.3 million people living in 
Benin earn a living from agriculture. Most of these farmers are subsistence farmers, growing crops on 
small family plots (FAO, 2022b). 25% of the total freshwater withdrawal goes to this agricultural sector. 
The total renewable internal freshwater resources are 10 billion m3/year, this is equal to 897 m3/cap/year 
and puts Benin on the 137th place in the country ranking (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Benin scores a 38 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Benin is the 
16th most vulnerable country and the 133th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

Irrigated cropland in Benin showed a decreasing trend of 57% throughout 2009-2020. This decrease is 
attributable to the fact that TBP has decreased by 35% while the ETa has increased by 9% (Figure 4-3 
and Table 4-3).  

The reduction in TBP could be explained because the temperature has changed over the years, 
increasing ETa. According to Hounnou et al. (2019), climate changes are likely to induce more negative 
results for Benin’s yield production in the future. Other challenges are poor infrastructure, poor 
management practices, and flooding, which can wipe out harvests and seed stocks (FAO, 2022b). The 
fact that the production falls short on demand, forces Benin to rely on imports.  

Also, the ETa fluctuated much. The highest ETa value was observed in 2019. On the contrary, 2015 was 
a very dry year, which is a possible explanation for the low ETa value (World Bank, n.d.). 
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Figure 4-3: WaPOR results for the mean annual values of Benin (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-3: Overview of trend analysis results for irrigated croplands in Benin over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.53 kg/m3 -57% NS 

TBP 7.31 t/ha/year -35% NS 

ETref  2,428 mm/year +7% NS 

ETa  1,360 mm/year +9% NS 

ETa/P 1.71 -9% NS 

ETa/ETref  0.56 +2% NS 

 

 Rainfed cropland 

Northern Benin has a dry season and a wet season. Northern and central Benin receives between 200-
300 mm/month of rainfall during the height of the rainy season (July-September). Southern Benin 
experiences two wet seasons differing in length. The longer rainy season occurs from March-July and 
the shorter one from September-November. Southern Benin experiences great variability in its seasonal 
rainfall from year to year and decade to decade (World Bank, n.d.). 

Figure 4-4 and Table 4-4 show the results for the rainfed croplands of Benin that make use of this rainfall 
for crop growth. The TBP decreased more in the rainfed areas compared to the irrigated areas (43% in 
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rainfed compared to 35% in irrigated land). The ETa, however, increased less, which resulted in a similar 
decrease in GBWP (-50%).  

Especially after 2012, the TBP decreased. The ETa /P has decreased slightly, while the ETa has increased, 
which suggests that the P has also increased. Even though precipitation has increased, the TBP has 
reduced much due to the substantial influence of the increasing temperature.  

 

Figure 4-4: WaPOR results for the mean annual values of Benin (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-4: Overview of trend analysis results for rainfed croplands in Benin over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 0.89 kg/m3 -50% NS 

TBP 9.94 t/ha/year -43% NS 

ETref 2,261 mm/year +9% NS 

ETa 1,116 mm/year +6% NS 

ETa/P 1.08 -5% NS 

ETa/ETref 0.50 -6% NS 
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4.3 Burkina Faso 

44.2% of the total land area of Burkina Faso is agricultural land with about 80% of the workforce working 
in the agricultural sector. This sector, together with forestry, and fishing makes up 18.4% of the total 
GDP (World Bank, n.d.). Burkina Faso has a total of 10 billion m3/year renewable internal freshwater 
resources. This is 633 m3/cap/year and puts Burkina Faso on place 149 in the country ranking. 51% of 
the total freshwater withdrawal goes to the agricultural sector (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Burkina Faso scores a 37 (on a 
scale of 0-100) on the climate change vulnerability and readiness index (higher scores are better). 
Burkina Faso is the 27th most vulnerable country and the 159th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

Figure 4-5 and Table 4-5 show the results for the irrigated croplands of Burkina Faso. Here, the GBWP 
has decreased by 42% over the period 2009 – 2020. The TBP has reduced by 27%, while the water use 
has increased by 15%. The rising temperature could be one factor that explains the decreasing GBWP. 
Temperatures have been rising in the past years and are likely to increase by 3-4 °C by 2080 (ICRS, 2021). 
Farmers have increased their water use to cope with rising temperatures, increasing ETa. According to 
Abdoulaye et al. (2017), the impact of increasing temperatures on TBP is much larger than the impact 
of reduced precipitation. Heat resistant crops could be of valuable contribution to increasing TBP in the 
future. 

Moreover, the decrease in TBP could be attained because fewer areas are becoming suitable for land 
use. Weather stations have noticed that the dry zone in the north of Burkina Faso has been expanding 
towards the south (ICRS, 2021). 

Both ETa and ETa /P have increased by 15% and 10%, respectively. This indicates that both the P and 
ETa have increased. However, the P has not increased as much as the Eta (Table 4-5).  
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Figure 4-5: WaPOR results for the mean annual values of Burkina Faso (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-5: Overview of trend analysis results for irrigated croplands in Burkina Faso over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.73 kg/m3 -42% NS 

TBP 9.91 t/ha/year -27% NS 

ETref  2,489 mm/year +5% NS 

ETa  1,345 mm/year +15% NS 

ETa/P  1.75  +10% NS 

ETa/ETref  0.55 +9% NS 

 

 Rainfed cropland 

The rainfed croplands of Burkina Faso show a significant decreasing trend in TBP of 41%. Additionally, 
an 8% increase in ETa occurred over 2009 – 2020, which was insignificant. The ETa and ETref showed a 
remarkable increase in 2014. TBP decreased in that year, which resulted in a decline in GBWP in 2014 
(Figure 4-6).  

These decreasing trends can be the result of increases in climate variability, reduction in the length of 
the rainy season, and uncertain projections of increasing extreme rainfall events. With sporadic rains 
and poor water retention in soils, Burkina Faso has experienced ‘quasi drought’ conditions since the 
early 1970s. These conditions are most pronounced between November and December when humidity 
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averages 10%, and in the North where rain only comes for two months out of the year (World Bank, 
n.d.).  

 

Figure 4-6: WaPOR results for the mean annual values of Burkina Faso (2009-2020) for rainfed cropland, 
with the significant trend indicated. 

 

Table 4-6: Overview of trend analysis results for rainfed croplands in Burkina Faso over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 0.80 kg/m3 -50% NS 

TBP 7.14 t/ha/year -41% Significant (p=0.0335) 

ETref 2,401 mm/year +5% NS 

ETa 888 mm/year +8% NS 

ETa/P 1.02 -1% NS 

ETa/ETref 0.37 +1% NS 
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4.4 Cameroon 

The percentage of the agricultural sector of Cameroon, including forestry and fishing, to the total GDP 
was 17.2% in 2021 (World Bank, n.d.). Agriculture is vital to the economy as it employs half the workforce. 
Alongside agro-industrial plantations and some large private farms, Cameroon has about two million 
small family farms (IFAD, n.d.). The total annual freshwater withdrawals of 2017 were found to be 3.8 
billion m3/year. This is 10,826 m3/cap/year, giving Cameroon the 43rd place in the country ranking. The 
agricultural sector withdrawals 68% of this total freshwater withdrawal (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Cameroon scores a 39 (on a 
scale of 0-100) on the climate change vulnerability and readiness index (higher scores are better). 
Cameroon is the 59th most vulnerable country and the 178th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

In the irrigated croplands of Cameroon, a significant increasing trend in the ETa (water consumption) is 
detected. This trend is not visible in TBP. On the contrary, TBP has decreased by 31%, which indicates 
that more water is needed to produce the same amount of biomass. This is reflected in the GBWP, which 
decreases over time (-31%) (Table 4-7). 

Simultaneously the trend in ETa/P is negative, although not significant. This indicates that the 
precipitation levels have increased over 2009 – 2020. The ETref shows a minor change of only +1% over 
the years. In 2014 both the ETa and ETref increased, while the GBWP and biomass production decreased 
slightly. The precipitation and temperature were not different than other years, according to the World 
Bank historical climate data (World Bank, 2019) (Figure 4-7 and Table 4-7). 

 

Figure 4-7: WaPOR results for the mean annual values of Cameroon (2009-2020) for irrigated cropland, 
with the significant trend indicated. 
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Table 4-7: Overview of trend analysis results for irrigated croplands in Cameroon over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 0.64 kg/m3 -31% NS 

TBP 8.33 t/ha/year -25% NS 

ETref 2,564 mm/year +1% NS 

ETa 1,310 mm/year +10% Significant (p=0.0467) 

ETa/P 1.77 -21% NS 

ETa/ETref 0.51 +6% NS 

 

 Rainfed cropland 

Cameroon has one main rainy season that lasts from May-November when the West African Monsoon 
brings moist air over the country from the Atlantic Ocean. The Southern Plateaus experience two shorter 
rainy seasons during May-June and October-November. Cameroon’s dry season lasts from December-
April and corresponds with the highest average temperatures of the year during the latter part of the 
season in the months of February-April. The southern part of the country is characterized as humid and 
equatorial with temperatures ranging from 20-25°C (depending on altitude) the mean annual 
precipitation is 1627.25 mm (World Bank, n.d.).  

The ETa also increases in the rainfed croplands, while the TBP and GBWP decrease (Figure 4-8). These 
trends are not as strong as for the irrigated croplands. The precipitation increases because the ETa/P 
value decreases. Because more water is available, you would expect more biomass to grow. However, 
TBP decreases, which indicates that other factors are of stronger influence on TBP. These factors could 
be management as well as climate related. In the rainfed croplands, an increase in ETa and ETref and 
decreased GBWP and TBP were also observed in 2014. However, the observed differences are more 
minor than for the irrigated croplands because the precipitation did not differ much from the average 
in that year (World Bank, n.d.). 
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Figure 4-8: WaPOR results for the mean annual values of Cameroon (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-8: Overview of trend analysis results for rainfed croplands in Cameroon over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 1.07 kg/m3 -18% NS 

TBP 10.79 t/ha/year -18% NS 

ETref 2,302 mm/year -2% NS 

ETa 988 mm/year +4% NS 

ETa/P 1.06 -21% NS 

ETa/ETref 0.45 +6% NS 
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4.5 Chad 

The agricultural sector is of high importance for Chad’s economy. 80% of the workforce works in this 
sector and 54% of the total GDP value is added by agriculture, forestry, and fishing. This agricultural 
sector withdrawals 76% of the total freshwater withdrawal, which was 0.9 billion m3/year in 2017. The 
level of water stress was 4.29 (on a scale of 1-5). This indicates an extremely high level of water stress 
and high competition amongst water users (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.7 on a scale of 0-1. Chad scores a 27 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Chad is the 
3rd most vulnerable country and the 190th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

In Chad, an increasing ETa is observed with a significant trend of +13% (Table 4-9). Especially in the 
period of 2009 – 2014, the ETa variated a lot. Other variables such as the GBWP and TBP did not variate 
as much. The ETref differed slightly, but not as much as the ETa. 2010 was a scorching year (World Bank, 
n.d.). The ETa decreased slightly in that year, while the TBP did not suffer from this increased temperature 
level. The GBWP decreased over time by 24%, which indicates that more water is used to obtain the 
same amount of TBP. Although the ETa has increased, the TBP has decreased over time (Table 4-9). This 
indicates a low water productivity.   

 

 

Figure 4-9: WaPOR results for the mean annual values of Chad (2009-2020) for irrigated cropland, with the 
significant trend indicated. 
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An explanation of this decrease in TBP and GBWP could be problems with soil erosion and 
desertification. Suggestions are made to improve the access to the services, knowledge, and technology 
of farmers to improve their productivity (IFAD, n.d.). 

 Rainfed cropland 

The mean annual precipitation of Chad is 352 mm/year (World Bank, n.d.). The rainfed croplands using 
this rain show a negative trend in TBP of 23%. Simultaneously, the GBWP has shown a negative trend 
by 31%. Both TBP and the GBWP showed a decrease in 2014. After 2014 the TBP and GBWP have slowly 
started to rise again. The ETref has also increased, highlighting the climatological changes that have 
occurred, that challenged crop production. The increase of the ETa is still higher than the increase of 
the ETref (Table 4-10). Thus, it can be said that the total water use has increased over time. 

 

Figure 4-10: WaPOR results for the mean annual values of Chad (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

Table 4-9: Overview of trend analysis results for irrigated croplands in Chad over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 0.59 kg/m3 -24% NS 

TBP 8.07 t/ha/year -7% NS 

ETref 2,777 mm/year +4% NS 

ETa 1,366 mm/year +13% Significant (p=0.0236) 

ETa/P 2.87 -21% NS 

ETa/ETref 0.50 +16% NS 
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Table 4-10: Overview of trend analysis results for rainfed croplands in Chad over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 0.92 kg/m3 -31% NS 

TBP 9.10 t/ha/year -23% NS 

ETref 2,377 mm/year +5% NS 

ETa 973 mm/year +7% NS 

ETa/P 1.06 -7% NS 

ETa/ETref 0.42 +4% NS 
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4.6 Côte D’Ivoire 

Côte D’Ivoire is located on the Gulf of Guinea in West Africa and is among the world's largest producers 
and exporters of coffee, cocoa beans, and palm oil. The main food crops are rice, yam, cassava, plantain, 
and maize. They are grown, predominantly by smallholder farmers under rainfed conditions. The 
agricultural sector withdrawals 52% of the total freshwater. The internal water resources are 77 billion 
m3/year. This is 3,065 m3/cap/year, which puts the country on the 83rd place in the country ranking (FAO 
Aquastat, 2017).  

Agriculture remains the engine of economic growth as it generates more than 20% of the GDP (World 
Bank, n.d.). Furthermore, agriculture employs close to 70% of the active population. There is still much 
potential for agriculture, with scope for increased output from its wetlands and plateau (IFAD, n.d.).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Côte D’Ivoire scores a 40 (on 
a scale of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Côte 
D’Ivoire is the 49th most vulnerable country and the 152nd most ready country (ND-GAIN, 2022). 

 Rainfed cropland  

The mean annual precipitation in Côte D’Ivoire is 1,298 mm/year (World Bank, n.d.). The TBP of the 
rainfed croplands that use this precipitation has decreased substantially over the period 2009 – 2020 
(Figure 4-11). The ETa, however, has only a minor, non-significant decrease which implies that with the 
same amount of water, less TBP is produced. This is expressed by the GBWP, which shows a significant 
decline of 32%. The ETa and ETref and the ETa/P and ETa/ETref factors did not change much over time. 
Thus, there are no extraordinary changes in P, ETa or ETref. Because the ETref has not changed much, it 
can be said that climate change has not posed many changes for crop growth which is in line with the 
research of N’Zué (2018). One of the reasons that are at the base for the decreased biomass production 
is land degradation (Yao Sadaiou Sebas et al., 2020; Kambire et al., 2020).  
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Figure 4-11: WaPOR results for the mean annual values of Côte D’Ivoire (2009-2020) for rainfed cropland, 
with the significant trend indicated. 

 
Table 4-11: Overview of trend analysis results for rainfed croplands in Côte D’Ivoire over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP 1.11 kg/m3 -32% Significant (p=0.0335) 

TBP 14.40 t/ha/year -31% Significant (p=0.0075) 

ETref 2,024 mm/year +2% NS 

ETa 1,298 mm/year -3% NS 

ETa/P 1.09 -6% NS 

ETa/ETref 0.64 -3% NS 
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4.7 Egypt 

Agriculture is a key sector in Egypt as it provides livelihoods for 57% of the population and directly 
employs 26% of the workforce. Despite the share of GDP of agriculture has fallen to 11%, farming is still 
a vital source of exports (20%) (IFAD, n.d.).  

The total annual renewable water resources of Egypt are 57.5 billion m3/year (10 m3 per capita), 89.9% 
of this water is surface water and 10,1% is groundwater (FAO Aquastat, 2017). The water dependency 
ratio of Egypt is very high: 98.3%. This indicates that much of the used water is originating outside the 
country. These numbers show the importance of the river Nile to Egypt. Egypt is coping with a water 
shortage of 13.5 billion m3/year, for which is compensated by drainage reuse which consequently 
deteriorates the water quality. A water shortage of 26 billion m3/year is expected in case of continuation 
of current policies. As 79,2% of the water goes to the agricultural sector, this highlights the importance 
of improving the water productivity of Egypt’s agriculture (Mohie El Din et al., 2016).  

The food sector vulnerability to climate change is a 0.5 on a scale of 0-1. Egypt scores a 45 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Egypt is 
the 83rd most vulnerable country and the 129th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

Table 4-12 shows the findings for irrigated cropland in Egypt. The ETa/P varies enormously over the 
period 2009 – 2020 in Egypt. The ETa increases significant by 8%. The variation of the ETa/P is not 
reflected in the ETa. This might indicate large fluctuations in the precipitation. Especially the period 
between 2016 – 2018 had very low values for the ETa/P. The precipitation values have likely been higher 
in those years. However, higher precipitation values are not visible in the graphs of the TBP or the ETa, 
which is attributable to the fact that more water has not been used in total. Rather, the percentage of 
precipitation of the total water use increased, resulting in smaller exploitation of other resources. On 
the other side, 2014, 2015 and 2019 were arid years because the ETa/P value was very high. Although 
these years were dry, the ETa nor the TBP have decreased in these years, which might indicate that other 
water sources have been used. Overall, the temperature in Egypt increases (World Bank, n.d.), which 
means that the ETa will increase, leading to a higher water consumption.   

The ETa/ETref increased significantly by 7% due to the increase of the ETa. The ETa remains to increase, 
while the TBP does not increase at the same levels. Consequently, the GBWP decreases over time. It can 
be concluded that more water is needed to obtain the same amount of TBP. Several practices are 
proposed to increase the GBWP of Egypt. For example, land irrigation timing, aquatic weeds in 
waterways and sugarcane areas in old agricultural lands, sprinkler, and drip irrigation systems in new 
agricultural lands (Mohie El Din et al., 2016). 
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Figure 4-12: WaPOR results for the mean annual values of Egypt (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-12: Overview of trend analysis results for irrigated croplands in Egypt over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.35 kg/m3 -5% NS 

TBP 17.77 t/ha/year +5% NS 

ETref  2,270 mm/year +2% NS 

ETa  1,346 mm/year +8% Significant (p=0.0032) 

ETa/P 629 +20% NS 

ETa/ETref  0.60 +7% Significant (p=0.0236) 

 

 Rainfed cropland  

The mean annual precipitation of Egypt is 19.68 mm/year (World Bank, n.d.). The strong decreasing 
trend in ETa of 28% and the even stronger trend in ETa/P of -75% suggests that the ETa has declined 
stronger than the P between 2009 – 2020 in the rainfed croplands of Egypt. TBP has increased by 13%. 
These trends are visible in the GBWP, which has an increasingly significant tendency of 45%. Thus, the 
rainfed areas in Egypt have increased their TBP while decreasing their water use over the period 2009 – 
2020 (Table 4-13). 

2019 was a remarkable year for Egypt. The ETa was extremely low, in line with the low TBP in that year. 
The GBWP is, however, still higher, which is likely attributable to the low ETa. In 2019, precipitation was 
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higher than average, while the temperature was lower than average (World Bank, n.d.). There was 
therefore a lower atmospheric demand, explaining the low ETa and ETa/P values.  

 

Figure 4-13: WaPOR results for the mean annual values of Egypt (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-13: Overview of trend analysis results for rainfed croplands in Egypt over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   2.02 kg/m3 +45% Significant (p=0.0005) 

TBP 6.29 t/ha/year +13% NS 

ETref  1,630 mm/year -4% NS 

ETa  318 mm/year -28% NS 

ETa/P  1.47  -75% Significant (p=0.0013) 

ETa/ETref  0.20 -25% NS 
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4.8 Gambia 

The Gambia is a small country in West Africa that stretches 450 km along the Gambia river. Gambia has 
annual renewable freshwater resources of 1,316 m3/cap/year. The Gambia has a total annual freshwater 
withdrawal of 0.1 billion m3/year. 39% of this water is going to the agricultural sector (FAO Aquastat, 
n.d.). The agricultural sector, including forestry and fishing, makes up 19.7% of the total GDP (World 
Bank, n.d.) and provides livelihood for over 60% of the Gambians (IFAD, n.d.). This makes agriculture the 
main source of livelihood and income in The Gambia. However, this sector is challenged by adverse 
effects of climate change.  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Gambia scores a 39 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Gambia is 
the 28th most vulnerable country and the 139th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

The ETa in the Gambia fluctuated much over the period 2009 – 2002. The significant increasing trend of 
23% is partly attributable to the increasing temperature, which is also causing an increase in the ETref. 
Simultaneously, the ETa/P increased (Table 4-14). This indicates that the P does not provide enough 
water for all the crops; thus, other water resources must be utilized.  

The trend in TBP is opposite to the trend in ETa. The TBP has decreased significantly by 33%. From the 
ETa and TBP results, it can be concluded that more water is needed to produce the same or less amount 
of biomass. This is visible in the GBWP, which has decreased by 61%. An explanation for this could be 
the changes in temperature and rainfall that alter hydrological cycles and constrain productivity in the 
Gambia. The combination of global warming, sea-level rise, and changes in rainfall patterns have 
impacted the country’s freshwater resources. Surface evaporation is expected to increase while 
groundwater recharge capacity is decreasing. Especially the year 2014 shows a strong drop, this can be 
assigned the severe drought in 2013-2014 (Figure 4-14 and Table 4-14).  

The temperature in the Gambia thus has been increasing for many years while at the same time 
precipitation has been decreasing (World Bank, 2019). Resultingly, more water needs to be used for the 
crops. Precipitation only does not suffice as a water source; hence other water sources must be 
exploited, among which is the river Gambia. However, the annual stream flows of the river are likely to 
decrease (Bodian et al., 2018). Segnon et al. (2021) identified 28 technologies as relevant adaptation 
options for The Gambia agriculture and food system.    
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Figure 4-14: WaPOR results for the mean annual values of Gambia (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-14: Overview of trend analysis results for irrigated croplands in Gambia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.76 kg/m3 -61% Significant (p=0.0020) 

TBP 9.58 t/ha/year -33% Significant (p=0.0020) 

ETref  2,503 mm/year +12% NS 

ETa  1,295 mm/year +23% Significant (p=0.0164) 

ETa/P  1.87 +16% NS 

ETa/ETref  0.52 +10% NS 

 

 Rainfed cropland  

The mean annual precipitation of Gambia is 993 mm/year (World Bank, n.d.) In the rainfed areas of 
Gambia, the GBWP shows a similar decrease as in the irrigated areas (Figure 4-15). The significant 
decline is mainly caused by the decrease in TBP, which is -47%. The TBP has thus almost halved since 
2009, while the amount of water used has increased by 9%. The ETref has also increased much with a 
significant slope of +13%. It can be said that the increasing annual temperature impacts the rising ETref. 
The average value of ETa/P over the period 2009-2020 is 1.18, and this indicates that more water was 
needed for the ETa than the water supplied through precipitation. This number also showed an 
increasing trend of 16%, indicating that the ETa is increasing while the rainfall decreases (Table 4-15). 
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Other challenges for farmers in the Gambia include depleted soils and climate change, and saltwater 
incursion (IFAD, n.d.).  

 

Figure 4-15: WaPOR results for the mean annual values of Gambia (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-15: Overview of trend analysis results for rainfed croplands in Gambia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.94 kg/m3 -65% Significant (p=0.0049) 

TBP 8.05 t/ha/year -47% Significant (p=0.0049) 

ETref  2,465 mm/year +13% Significant (p=0.0467) 

ETa  868 mm/year +9% Significant (p=0.0467) 

ETa/P 1.18  +16% NS 

ETa/ETref  0.35 +2% NS 
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4.9 Guinea 
Guinea is in West Africa along the Atlantic Ocean. Guinea has annual renewable freshwater resources of 
18,205 m3/cap/year and the country is placed on the 37th place in the country ranking (FAO Aquastat, 
n.d.). Agriculture is the country's main source of employment and is critical for poverty reduction and 
rural development, providing income for 57% of rural households and employment for 52% of the 
workforce (World Bank, n.d.). Farmers in Guinea largely engage in subsistence agriculture. The total 
freshwater withdrawal is 0,9 billion m3/year. From the total freshwater withdrawal, 67% goes to the 
agricultural sector (FAO Aquastat, 2017). Farmers in Guinea largely engage in subsistence agriculture: 
67% of Guineans live in rural areas and are subsistence farmers on very small plots (IFAD, n.d.).  

The food sector vulnerability to climate change is a 0.7 on a scale of 0-1. Guinea scores a 39 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Guinea is 
the 31st most vulnerable country and the 146th most ready country (ND-GAIN, 2022). 

 

 Irrigated cropland  

In Guinea, the TBP from the irrigated croplands have decreased over the years, as can be seen by the 
23% reduction between 2009 and 2020. Approximately one-third of the GDP in Guinea is in the 
agricultural sector, and it employs 80% of the population (Asia and the Pacific Division Programme 
Management Department, 2017). The agricultural sector is thus vital in the country, and decreasing TBP 
can cause challenges for the economy and employment.  

This reduction in TBP goes paired with the reduction in GBWP, which is 27%. Thus, on average, more 
water is currently needed to produce the same amount of TBP. However, the water use, which the ETa 
documents, has not increased as much, with an average increase of 8% (Table 4-16).  

The ETa/P value has increased because the ETa has risen much. Yet the percentage of ETa/P is larger at 
13% (Table 4-16), which indicates that not only has the ETa been rising, but that also the P has a 
decreasing trend, making the country more reliant on other water resources. Yet, climate change poses 
a threat to fresh groundwater sources because rising saline water levels and rising sea levels occur 
(Quartermain, 2018). 

The ETa fluctuated much over the years. In 2011, 2014 and 2017, the ETa was larger than before and 
after. In 2011 and 2014, the ETref was also a bit higher, while the TBP was not much larger (Figure 4-
16). Hence, ETa was higher in those years, which can be attributed to higher temperatures (World Bank, 
n.d.). In 2017, TBP showed a similar increase as the ETa; thus, the increase in ETa is mainly explained by 
increased transpiration. 
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Figure 4-16: WaPOR results for the mean annual values of Guinea (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

Table 4-16: Overview of trend analysis results for irrigated croplands in Guinea over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   0.93 kg/m3 -27% Significant (p=0.0049) 

TBP 11.25 t/ha/year -23% Significant (p=0.0236) 

ETref  2,058 mm/year +5% NS 

ETa  1,206 mm/year +8% NS 

ETa/P 0.94 +13% NS 

ETa/ETref  0.60 +3% NS 
 

 Rainfed cropland  

The mean annual precipitation of Guinea is 1,789 mm/year (World Bank, n.d.) Even though the 
decreasing trends in TBP and GBWP are very strong for the irrigated croplands, the rainfed croplands 
are struck by even stronger decreasing trends in the two variables. The temperatures in Guinea have 
been rising much in the past. More water is thus needed to water the crops. Simultaneously, the P has 
been decreasing over the past decades, which is of negative impact on the TBP of the rainfed croplands 
of Guinea (World Bank, n.d.).  

The ETa of the rainfed croplands also shows an increase in the years 2014 and 2017, although this is not 
as strong as for the irrigated croplands (Figure 4-17). Concluding from the irrigated croplands data, 
2014 was a dry year. Where the TBP in 2014 in the irrigated areas did not differ much the TBP in the 
rainfed areas did decrease much because the rainfed areas rely much more on the precipitation. 
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Figure 4-17: WaPOR results for the mean annual values of Guinea (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

Table 4-17: Overview of trend analysis results for rainfed croplands in Guinea over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   1.20 kg/m3 -34% Significant (p=0.0049) 

TBP 13.46 t/ha/year -27% Significant (p=0.0008) 

ETref  2,015 mm/year +3% NS 

ETa  1,117 mm/year +5% NS 

ETa/P 0.85  +7% NS 

ETa/ETref  0.56 +3% NS 
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4.10 Iran 
Iran has a semi-arid climate and half of the country is covered by mountains and deserts. The annual 
renewable internal freshwater resources of Iran are 129 billion m3/year. This is 1,571 m3/cap/year and 
gives Iran the 111th place in the country ranking (FAO Aquastat, 2017). The annual freshwater withdrawal 
of Iran is 93 billion m3/year. The total freshwater withdrawal is 81% of the available freshwater resources. 
92% of this water goes to the agricultural sector. The agricultural sector makes up 12,8% of the GDP 
(World Bank, n.d.). Water sources of Iran are its several large rivers and the naturally stored underground 
water sources that find their outlet in qanats and springs, or are tapped by wells (Fanack Water, 2021b).  

The food sector vulnerability to climate change is a 0.4 on a scale of 0-1. Iran scores a 50 (on a scale of 
0-100) on the climate change vulnerability and readiness index (higher scores are better). Iran is the 
125th most vulnerable country and the 102nd most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

In Iran, several significant changes have occurred in the period 2009 – 2020. Firstly, the ETa has increased 
significantly by 23%. Simultaneously, the TBP also increased by 22% (Table 4-18). Therefore, the GBWP 
has been approximately constant over the whole research period. In 2013 and 2016, the GBWP showed 
a slight increase, in line with the increase in TBP in those years (Figure 4-18).  

Furthermore, the ETa/P has increased by 14%, which can be explained by the rising ETa and decreasing 
precipitation values (Table 4-18). In 2010 the ETa/P was noticeably higher than usual (Figure 4-18). The 
ETa in that year was more elevated, but the precipitation was also extremely low (World Bank, n.d.). 
From 2017 the ETa/P decreased while the ETa continued to increase, which shows that the precipitation 
has been higher in the years after 2017. Apart from the TBP and the ETa, the ETa/ETref value has also 
increased significantly by 16% (Table 4-18), which is likely related to the increasing mean temperature. 
The mean temperature has been rising with strong trends to 0.3 – 0.6 ˚C per decade (World Bank, n.d.). 
Considering the increasing water scarcity that the country is facing because of increased frequency and 
intensity of droughts, irrigation water use should be made even more efficient. Currently, performance 
of water management schemes is not satisfactory. Nazari et al. summarise strategies that can contribute 
to a more effective management of irrigation water. This would imply rethinking the role of intensified 
agriculture in development along with raising the awareness and attitude of decision makers towards 
the risk of shortsighted water resource development plans, in addition to promoting agro-based 
industries and developing integrated plans to improve water efficiency (Nazari et al., 2018).  
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Figure 4-18: WaPOR results for the mean annual values of Iran (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-18: Overview of trend analysis results for irrigated croplands in Iran over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   1.43 kg/m3 +7% NS 

TBP 9.15 t/ha/year +22% Significant (p=0.0049) 

ETref  1,672 mm/year -2% NS 

ETa  658 mm/year +23% Significant (p=0.0008) 

ETa/P 2.38 +14% NS 

ETa/ETref  0.42 +16% Significant (p=0.0049) 

 

 Rainfed cropland  

The average annual rainfall of Iran is about 240 mm with maximum amounts in the Caspian Sea plains, 
Alborz and Zagros (World Bank, n.d.). Figure 4-19 and table 4-19 show the results of this study for 
rainfed cropland in Iran. Whereas the rising trend in TBP of the irrigated areas was already noticeable, 
the increasing trend for the rainfed croplands is even higher at 35%. This trend is, however, not 
significant. On average, the GBWP of the rainfed areas in Iran is higher than the GBWP of the irrigated 
areas, meaning that the rainfed areas produce more biomass with the water used. However, the 
increasing trend in GBWP is smaller in the rainfed areas, which is mainly a cause of the strong increasing 
trend in ETa in rainfed regions compared to the rising trend in the irrigated areas. The GBWP fluctuated 
much over the past decades. Between 2013 and 2016, the GBWP was higher than in other years. This 
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can be explained by the TBP, which was also higher in those years. The TBP is lower in the rainfed areas 
compared to the irrigated areas. The ETa/P has been increasing, indicating that the ETa has raised more 
than the P. In 2010 high levels in ETa, TBP, ETref, ETa/P and ETa/ETref were exhibited. 2010 was a 
scorching year with very low P values. 

 

Figure 4-19: WaPOR results for the mean annual values of Iran (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-19: Overview of trend analysis results for rainfed croplands in Iran over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   1.72 kg/m3 +1% NS 

TBP 5.31 t/ha/year +35% NS 

ETref  1,504 mm/year -8% NS 

ETa  313 mm/year +31% NS 

ETa/P 0.75  +17% NS 

ETa/ETref  0.22 +36% NS 
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4.11 Iraq 

Iraq has a total annual renewable water resource of 89,9 billion m3/year (916 m3/cap/year) (FAO 
Aquastat, 2017). The level of water stress is 3.13 (on a scale of 1-5) according to the Aqueduct 3.0 
Country Rankings. This indicates a medium high level of water stress. Water shortage s are caused by 
climate change, wasting water, salination, and mismanagement. The water dependency ratio of Iraq is 
60.8%. This number expresses the percentage of the total renewable water resources that is originating 
outside the country (FAO Aquastat, 2017). Most Iraqi citizens depend on the surface waters of the Tigris 
and Euphrates rivers, which have their sources in upstream neighbouring countries. The construction of 
many dams on the Tigris and Euphrates rivers in the neighbouring countries also caused extra stress on 
the water supply (Al-Ansari, 2021).  

91.5% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). The agricultural 
sector is a vital component of the economy although it accounts for only 3% of the total GDP (IFAD, 
n.d.). The main effects of climate change that the country is facing is desertification, water scarcity due 
to river flow fluctuations, and increasing temperatures (World Bank, n.d.).   

The food sector vulnerability to climate change is a 0.5 on a scale of 0-1. Iraq scores a 43 (on a scale of 
0-100) on the climate change vulnerability and readiness index (higher scores are better). Iraq is the 84th 
most vulnerable country and the 155th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

In the irrigated croplands of Iraq, several variables have shown a significant trend throughout 2009 – 
2020. The most significant trend is the 58% rise in TBP. Compared to the TBP, the ETa has also increased 
by 35%. An increasing TBP goes paired with increasing transpiration and thus an increasing ETa. 
However, TBP has increased more than the ETa, which indicates that other conditions have also changed 
in a beneficial way for TBP (Table 4-20). Because the ETref has only increased by 3%, the beneficial 
changes are likely not in climate related variables. More likely, they are in management, including better 
irrigation practices or improved fertilization.  

The ETa/P variable only increased by 5%, which shows that the P has decreased slightly over the years 
(Table 4-20). The ETa/P fluctuated much over the research period. The values were relatively high in 
2010, 2014, 2017 and 2020. For 2010, 2014 and 2020, this can be declared by the high ETa, which is 
observed in the ETa graph. In 2017 the ETa did not show an increase, which indicates that the 
precipitation was low in that year. In 2018 the ETa/P was at its lowest while the ETa was not necessarily 
lower than average, which reveals that the P was very high in that year (Figure 4-20). 

Overall, the GBWP is increasing significantly with 23% (Table 4-20), which shows that less water is 
needed to produce the same amount of biomass over the years. This is remarkable as the country must 
deal with increasing water scarcity and accelerated desertification which challenges the agricultural 
production (IFAD, n.d.). This is also remarkable as the water management situation of the country is 
complicated by the absence of an effective legislative framework at the local level as well as by the 
incapability and disrepute of the local water authorities. Unfortunately, Iraq has faced several wars in a 
row, which has prevented the country from establishing its institutions (Yousuf et al., 2018).  
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Figure 4-20: WaPOR results for the mean annual values of Iraq (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-20: Overview of trend analysis results for irrigated croplands in Iraq over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.87 kg/m3 +23% Significant (p=0.0467) 

TBP 5.70 t/ha/year +58% Significant (p=0.0112) 

ETref  2,561 mm/year +3% NS 

ETa  709 mm/year +35% Significant (p=0.0049) 

ETa/P 5.33 +5% NS 

ETa/ETref  0.28 +32% Significant (p=0.0075) 

 

 Rainfed cropland  

An incredible increase in ETa of 81% is observed in the rainfed areas of Iraq. The increasing ETa goes 
paired with an increase in the TBP of 70% (Table4-21). This is remarkable as the country is dealing with 
increases in temperatures and decreases in rainfall.  

The GBWP fluctuated a lot over the research period. Before 2013, the trend in GBWP was lower than 
after 2013. In 2013 an increase in TBP occurred. This trend has been slightly decreasing ever since. In 
2018 a low GBWP was observed, resulting in a low TBP during that year (Figure 2-21). 
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Figure 4-21: WaPOR results for the mean annual values of Iraq (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-21: Overview of trend analysis results for rainfed croplands in Iraq over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.54 kg/m3 +12% NS 

TBP 5.37 t/ha/year +70% Significant (p=0.0236) 

ETref  1,762 mm/year -8% NS 

ETa  348 mm/year +81% Significant (p=0.0049) 

ETa/P 0.63  +31% NS 

ETa/ETref  0.20 +81% Significant (p=0.0049) 
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4.12 Jordan 
Jordan has a total amount of annual renewable water resources of 0,9 billion m3/year, which is 68 
m3/cap/year. Jordan has place 175 on the country rankings. The level of water stress is 4.6 (on a scale 
of 0-5), indicating a high competition amongst water users. More than 80% of the country is 
unpopulated due to desert conditions (World Bank, n.d.) 32% of the water is coming from surface water 
sources. 68% is coming from groundwater sources (FAO Aquastat, 2017).  

The water dependency ratio is 27%. This number expresses the percentage of total renewable water 
resources originating from outside the country (FAO Aquastat, 2017). According to the ND-GAIN Jordan 
scores a 51 (on a scale of 0-100) climate change vulnerability and readiness index (higher scores are 
better). Jordan is the 133rd most vulnerable country and the 97th most ready country  (ND-GAIN, 2022).  

 Irrigated cropland  

8.3% of the total agricultural land in Jordan is irrigated (World Bank, n.d.) and 53% of the total freshwater 
withdrawals goes to the agricultural sector. (FAO Aquastat, 2017). The results of this study for the 
irrigated cropland are displayed in Figure 4-22 and Table 4-22. In the irrigated croplands in Jordan, an 
increasing trend of 36% was observed in the ETa. Unfortunately, this trend is not as strong in the TBP, 
which results in a decreasing trend in the GBWP of -22%. Concluding, more water needs to be used to 
reach the same levels of TBP. In 2011 an increase in the GBWP was observed, mainly caused by a lower 
ETa. The weather variables can explain the lower ETa since the ETref was also lower in 2011. The ETref 
has a non-significant decreasing trend of 4%. The increasing trend of ETa/ETref is firm with 43% (Table 
4-22). 

Because the increasing trend in ETa is lower than the trend in ETa/P, it could be concluded that the 
increasing trend of ETa/P (51%) results from decreasing P levels in Jordan. The ETa/P levels have 
fluctuated much over the years. In 2012 and 2018, decreases were noticed (Figure 4-22), which could 
be explained by the fact that those years had higher precipitation. 
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Figure 4-22: WaPOR results for the mean annual values of Jordan (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-22: Overview of trend analysis results for irrigated croplands in Jordan over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.39 kg/m3 -22% NS 

TBP 7.70 t/ha/year +19% NS 

ETref  1,894 mm/year -4% NS 

ETa  559 mm/year +36% Significant (p=0.0467) 

ETa/P 3.60 +51% NS 

ETa/ETref  0.30 +43% Significant (p=0.0164) 

 

 Rainfed cropland  

The only significant increase observed in the rainfed croplands of Jordan is in the GBWP. The increase 
(25%) in this variable indicates that the water needed to produce the same amount of biomass 
decreased in the period 2009 - 2020. The ETa levels have increased over 2009 – 2020; the TBP has 
increased by 31%. Especially the years 2014 and 2015 had a very high GBWP. 2015 also had a high ETa 
and TBP, while 2014 had a lower ETa and TBP. The ETref has decreased slightly, but the ETa has a much 
stronger increasing trend. Consequently, the ETa/ETref value has increased by 20% (Table 4-23). This 
suggests an increase in water consumption beyond compensating for a change in the atmospheric 
demand.  
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The ETa/P has increased slightly by 7%, and the ETa has increased stronger than the P (Table 4-23). Thus 
in 2009 – 2020, a shift toward stronger use of other water sources has occurred. 

 

Figure 4-23: WaPOR results for the mean annual values of Jordan (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-23: Overview of trend analysis results for rainfed croplands in Jordan over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.54 kg/m3 +25% Significant (p=0.0236) 

TBP 5.30 t/ha/year +31% NS 

ETref  1,880 mm/year -3% NS 

ETa  346 mm/year +25% NS 

ETa/P 1.16  +7% NS 

ETa/ETref  0.19 +20% NS 
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4.13 Kuwait 
Kuwait has a total amount of annual freshwater withdrawals of 0.8 billion m3/year. 62% of this is used 
for the agricultural sector. The water stress level of Kuwait is 3.8, this is very high meaning that the 
freshwater withdrawal is a large proportion of the total available freshwater resources (FAO Aquastat, 
n.d.). The shortage of renewable natural freshwater resources made Kuwait heavily depended on 
seawater desalination to meet its water needs. Brackish groundwater, which has low natural recharge 
rates, is also exploited for agricultural and greening purposes and for mixing with desalinated water to 
make it potable (Abdallah, 2020).  

The food sector vulnerability to climate change is a 0.4 on a scale of 0-1. Kuwait scores a 54 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Kuwait is 
the 128th most vulnerable country and the 69th most ready country (ND-GAIN, 2022). 

 

 Irrigated cropland  

See Figure 4-24 and Table 4-24 for the results of irrigated cropland in Kuwait. A significant increasing 
trend is observed in the ETa in the irrigated areas of Kuwait. This trend of +13% can partly be explained 
by the +9% increase in ETref. This means that the climatic conditions have negatively changed for the 
irrigated cropland. The temperature has been rising from 2009 to 2020, which explains the rising ETref. 
Furthermore, the ETa has increased because the transpiration has gone up, consequently increasing TBP 
by 8%. However, the GBWP showed a decreasing trend of 7% (Figure 4-24 and Table 4-24).  

The ETa/P has an average value of 13.48 over the period of 2009-2020. This indicates that the ETa is 
larger than the precipitation, meaning many other water sources must have been used. However, this 
number showed a decreasing trend of 20% over the period (Table 4-24), indicating an increase in 
precipitation or decreased use of other water sources. The GBWP shows a negative trend of -7%, and 
as the aquifers yielding the brackish water used are also under great stress, due to only very little natural 
replenishment, the management and improvement of GBWP is of high importance.  
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Figure 4-24: WaPOR results for the mean annual values of Kuwait (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-24: Overview of trend analysis results for irrigated croplands in Kuwait over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.97 kg/m3 -7% NS 

TBP 9.86 t/ha/year +8% NS 

ETref  2,864 mm/year +9% Significant (p=0.0164) 

ETa  1,024 mm/year +13% Significant (p=0.0467) 

ETa/P 13.48 -20% NS 

ETa/ETref  0.36 +6% NS 
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4.14 Lebanon 
Lebanon has a total annual actual renewable water resource of 4,5 billion m3/year (700 m3/cap/year) 
(World Bank, n.d.). 36% of the water is coming from surface water sources and 64% is coming from 
groundwater sources (FAO Aquastat, 2017). This makes Lebanon a naturally water rich country 
compared to other countries in the Middle East and North Africa region. However, much of this water 
flows to the sea unused due to inefficient use and poorly maintained or absent infrastructure. The influx 
of more than one million Syrian refugees since 2011 and the impact of climate change are likely to 
worsen problems of scarcity in the future. Water shortages and cuts are already common in summer, 
and residents have little choice but to use unlicensed wells and private water providers, which in turn 
threatens the sustainability of the water supply (Fanack Water, 2015a). The level of water stress is 4.8 
(On a scale of 0-5). This indicates a very high value of competitions amongst water users (FAO Aquastat, 
2017). 

59.5% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). The food sector 
vulnerability to climate change is a 0.34 on a scale of 0-1. Lebanon scores a 44 (on a scale of 0-100) on 
the climate change vulnerability and readiness index (higher scores are better) (ND-GAIN, 2022).  

 Irrigated cropland  

Table 4-25 indicates an increasing trend for the GBWP of irrigated areas in Lebanon of 17%. Lebanon 
has, together with Yemen, Iraq, Uganda, and Sudan, made the biggest positive change in terms of GBWP 
of all countries in this study. This is mainly the result of a significant decrease in ETa of 13%, meaning 
that less water was needed to improve TBP with 2% over this period. An explanation of the increasing 
GBWP could be the significant decrease in ETref of 9%. This indicates that the climatic conditions have 
positively changed for irrigated croplands as a lower ETref relates to better atmospheric conditions for 
crops.  
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Figure 4-25: WaPOR results for the mean annual values of Lebanon (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-25: Overview of trend analysis results for irrigated croplands in Lebanon over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.68 kg/m3 +17% NS 

TBP 14.54 t/ha/year +2% NS 

ETref  1,451 mm/year -9% Significant (p=0.0467) 

ETa  871 mm/year -13% NS 

ETa/P 1.52 -3% NS 

ETa/ETref  0.60 -1% NS 

 

 Rainfed cropland  

Lebanon has an annual average precipitation of 800 mm/year. Precipitation mainly occurs between the 
months of October and April (Fanack Water, 2015a). Figure 4-26 and Table 4-26 display the results for 
rainfed cropland in Lebanon. Unlike the quite large positive increase in GBWP for irrigated lands (17%), 
the GBWP for rainfed croplands in Lebanon showed an increase of 4%. The ETa/P is, on average, 0.9 for 
the entire period. This means that all water needed for the ETa is supplied by rainfall. This number did, 
however, show an increase of 3% indicating that precipitation decreased slightly over this period.  
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For rainfed croplands the ETref also indicates a negative trend (4% decrease), meaning that climatic 
conditions have positively changed. ETa/ETref shows a positive trend of 4%, this suggests an increase 
in water consumption beyond compensating for a change in the atmospheric demand.  

 

 

Figure 4-26: WaPOR results for the mean annual values of Lebanon (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-26: Overview of trend analysis results for rainfed croplands in Lebanon over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.77 kg/m3 +4% NS 

TBP 10.49 t/ha/year +7% NS 

ETref  1,432 mm/year -4% NS 

ETa  595 mm/year -1% NS 

ETa/P 0.90  +3% NS 

ETa/ETref  0.42 +5% NS 
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4.15 Libya 
Libya is placed on the sixth place on the global water stress ranking, with a level of water stress of 4.5 
(on a scale of 0-5). This indicates that there is a high level of competition amongst water users. The total 
annual actual renewable water resources of Libya are 0,7 billion m3/year, which is 104 m3/cap/year (FAO 
Aquastat, 2017).  

83.2% of the total water withdrawal is going to the agricultural sector. The coastal zone of Libya is 
considered most suitable for agricultural activities. The fertile lands of the Gefara Plain in the north-west 
and Jabal al-Akhdar in the north-east account for more than 80% of agricultural food production. The 
remaining area is made up of gravel or sand dunes, mountains or sabkhas (salt marshes) with some 
scattered oases (Sadeg & Al-Samarrai, 2022). 97% of the water is coming from groundwater, only 3% is 
coming from water surface sources (FAO Aquastat, 2017). This high groundwater withdrawal highlights 
the importance of improved irrigation efficiency and productivity to achieve food security. Currently the 
percentage of unsustainable groundwater use is still high (United Nations Economic and Social 
Commission for Western Asia, 2022). Libya is challenged by a lack of renewable water resources and 
fossil groundwater overexploitation. Other challenges are seawater intrusion and deteriorating water 
quality (Sadeg & Al-Samarrai, 2022). 

The food sector vulnerability to climate change is a 0.5 on a scale of 0-1. Libya scores a 42 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Libya is the 
89th most vulnerable country and the 170th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

Table 4-27 and Figure 4-27 indicate a positive change of 12% for the GBWP. This can be explained 
mainly by increasing (12%) TBP per land area. These trends are a positive sound with the looming water 
crisis in mind. GBWP could be improved even more through implementing several measures including 
relocating all major agricultural crops among different hydroclimatic zones and growth seasons, crop 
selection based on comparative production advantages, and several other measures of demand water 
management (Alghariani, 2013).  

The ETref shows a slight increase of 3%; this indicates that climatic conditions have negatively changed 
for irrigated areas. The ETa/P showed a negative trend of 10%, while the ETa remained somewhat 
constant (only a 1% decrease). This suggests that the precipitation has increased, which can explain the 
increased TBP. Overall, the average number of ETa/P over the entire period is 59.3 (Table 4-27); this 
indicates that a large amount of the water to enable ETa was coming from other water sources than 
precipitation.  
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Figure 4-27: WaPOR results for the mean annual values of Libya (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-27: Overview of trend analysis results for irrigated croplands in Libya over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.82 kg/m3 +12% NS 

TBP 8.22 t/ha/year +12% NS 

ETref  2,290 mm/year +3% NS 

ETa  465 mm/year -1% NS 

ETa/P 59.33 -10% NS 

ETa/ETref  0.22 -3% NS 

 

 Rainfed cropland 

The average annual rainfall varies between zones, according to the geographic location and topography.  
In general, rainfall in the north ranges between 100 and 500 mm/year, whereas the south receives as 
little as 10 mm/year (Sadeg & Al-Samarrai, 2022). 

The GBWP for rainfed croplands in Libya show a positive change of 5%. This can be explained by the 
major increase in TBP of 25% (Table 4-28). This increase in TBP corresponds to a 17% increase in ETa. 
This is remarkable as the conflict in Libya left the country extremely vulnerable to climate variability and 
weakened farmers’ abilities to mitigate climate risks.  
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The ETref increased by 9%, which indicates that climatic conditions have negatively changed for rainfed 
croplands. ETa/ETref showed an increasing trend (17%) (Table 4-28). This suggests an increase in water 
consumption beyond compensating for a change in the atmospheric demand.  

The ETa/P shows an average value of 0.93 over the period of 2009-2020, indicating that the ETa is no 
greater than the precipitation. This number also showed a decreasing tendency of 12% (Table 4-28), 
meaning that the amount of rainfall increased.  

 

Figure 4-28: WaPOR results for the mean annual values of Libya (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-28: Overview of trend analysis results for rainfed croplands in Libya over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.94 kg/m3 +5% NS 

TBP 6.19 t/ha/year +25% NS 

ETref  1,792 mm/year +9% NS 

ETa  318 mm/year +17% NS 

ETa/P 0.93  -12% NS 

ETa/ETref  0.18 +17% NS 
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4.16 Mali 
Mali has an annual renewable water source of 3,145 m3/cap/year. This puts Mali on the 82nd place in the 
country ranking. 75% of all people in Mali rely on agriculture for their food and income. Most are 
subsistence farmers that grow rainfed crops on small plots of land. 98% of the total actual renewable 
water resource of Mali of 5.2 billion m3/year goes to agriculture (FAO Aquastat, 2017).  

Malian farmers are facing severe challenges. The 2011 drought across the Sahel region, followed by 
conflict in northern Mali caused a major slump in the country’s agricultural production. Also, climate 
change induces droughts and floods make it even more difficult for Malian farmers to grow crops (FAO, 
2022b). 

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Mali scores a 35 (on a scale of 
0-100) on the climate change vulnerability and readiness index (higher scores are better). Mali is the 7th 
most vulnerable country and the 157th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

Figure 4-29 and Table 4-29 show the results for irrigated cropland of Mali. The results indicate a 42% 
decrease in GBWP over the period of 2009-2020. This is mainly because of a reduction in TBP per land 
area of 29%. It is also shown that the ETref is increasing, indicating an adverse change in climate 
conditions for irrigated cropland. The higher the ETref, the more difficult the atmospheric conditions 
are for crops. The ETa/P is also increasing (15%); this suggests that the ETa is increasing more than the 
precipitation. This might indicate the severe challenges climate change, leading to droughts, is posing 
to the agricultural sector of Mali. Another factor causing severe hinder to the agricultural sector might 
be the socio-political crisis, instability, and unrest in the country. This leads to several challenges that 
affect agricultural production; (1) reduced human mobility, (2) reduced access to inputs and markets 
resulting in a reduction in both supplies of agricultural inputs and access to consumers, (3) increased 
theft of cash, products, and equipment, (4) increased prices for transportation (Kimenyi et al., 2014).  
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Figure 4-29: WaPOR results for the mean annual values of Mali (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-29: Overview of trend analysis results for irrigated croplands in Mali over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.52 kg/m3 -42% NS 

TBP 6.12 t/ha/year -29% NS 

ETref  2,809 mm/year +6% NS 

ETa  1,167 mm/year +18% NS 

ETa/P 2.74 +15% NS 

ETa/ETref  0.42 +13% NS 

 

 Rainfed cropland  

Like irrigated croplands, the rainfed croplands of Mali also show a decrease in GBWP (48%) (Figure 4-
30 & Table 4-30). This is mainly because of the significant decrease in TBP per land area of 36%. Despite 
the cropping areas and consumptive water uses of crops increasing, the yield of these crops remained 
low. This indicates that soil fertility and moisture management were insufficient. Implementation of 
more soil and water conservation practices are recommended (Birhanu, 2019).  

As the ETref has increased (7%), climatic conditions have negatively changed for rainfed croplands. This 
can also be seen by the increase in ETa/P (Table 4-30), which suggests that the ETa is increasing more 
than the precipitation. This might indicate the severe challenges climate change, leading to droughts, is 
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posing to the agricultural sector of Mali. Currently, the average ETa/P number is 1, meaning that all the 
water needed for ETa is coming from rainfall (Table 4-30). If precipitation decreases more, other water 
sources might be required to sustain the same amount of ETa.  

 

Figure 4-30: WaPOR results for the mean annual values of Mali (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-30: Overview of trend analysis results for rainfed croplands in Mali over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.81 kg/m3 -48% NS 

TBP 6.86 t/ha/year -36% Significant (p=0.0075) 

ETref  2,468 mm/year +7% NS 

ETa  822 mm/year +6% NS 

ETa/P 1.00  +8% NS 

ETa/ETref  0.34 -1% NS 
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4.17 Mauritania 
Mauritania is a country located between the Sahelian and the Saharan zones, dealing with challenging 
environmental and climatic conditions. Mauritania has a total annual actual renewable water resource 
of 11,4 billion m3/year, this is 91 m3/cap/year. This number puts Mauritania on place 171 on the country 
ranking (FAO Aquastat, 2017). Most water is coming from the dam reservoirs scattered in the southern 
and central regions of the Senegal River and its tributaries. This geographic situation makes it difficult 
for the water to be distributed across the regions.  

From the total water withdrawal, 90.6% goes to the agricultural sector (FAO Aquastat, 2017). More than 
half of Mauritania’s people earn a living from agriculture and livestock. However, domestic cereal 
production in this arid country only meets about one-third of the national food needs, forcing a reliance 
on imports, especially for sorghum, millet, and wheat (FAO, 2022b). The food sector vulnerability to 
climate change is a 0.6 on a scale of 0-1 and Mauritania scores a 39 (on a scale of 0-100) climate change 
vulnerability and readiness index of ND-GAIN. Mauritania is the 17th most vulnerable country and the 
119th most ready country (ND-GAIN, 2022).  

 Irrigated cropland  

Figure 4-31 and Table 4-31 show the results of this study for the irrigated croplands of Mauritania. The 
results indicate a negative trend of 42% for GBWP. However, the TBP only showed a negative change of 
0.3% and thus has remained quite constant throughout the period 2009-2020. This means that more 
water was used to produce the same biomass. As Mauritania is situated in an arid zone, many actions 
must be taken to manage water demand, especially in agriculture. However, the context is not conducive 
to such actions: the management structures are fragile and the responsibilities of the bodies in charge 
of managing water have been diluted. 

The ETa increased by 34% (Table 4-31); however, as the low increase in TBP indicates, not all this 
evapotranspiration was part of crop growth. An increase in ETref also shows an adverse change in 
climatic conditions for the irrigated croplands, and this means that the atmospheric conditions became 
more difficult for crop growth.  

Like most countries in the Sahel region, Mauritania must cope with severe effects of climate change, 
such as extreme droughts and rainfall deficits. This can also be seen by the firm increase in ETa/P of 
82%, which suggests that the ETa increases much more than the precipitation (Figure 4-31 and Table 4-
31).  
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Figure 4-31: WaPOR results for the mean annual values of Mauritania (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-31: Overview of trend analysis results for irrigated croplands in Mauritania over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.56 kg/m3 -42% NS 

TBP 5.00 t/ha/year -0.3% NS 

ETref  2,943 mm/year +9% NS 

ETa  894 mm/year +34% NS 

ETa/P 3.91 +82% NS 

ETa/ETref  0.30 +25% NS 

 

 Rainfed cropland  

Figure 4-32 and Table 4-32 show the result for rainfed cropland. The rainfed cropland of Mauritania 
shows a similar negative trend in GBWP (a decrease of 78%). This is the lowest score for all countries in 
this study. This low GBWP for rainfed areas is mainly because of a significant decrease (41%) in TBP per 
land area. As the ETa shows a substantial significant increase of 34%, it can be assumed that there has 
been a lot of non-beneficial evapotranspiration that has not contributed to crop growth. The strong 
increasing trend of 27% in ETa/P also shows a substantial increase in ETa compared to precipitation. 
This indicates the severe effects of climate changes resulting in rainfall deficits and droughts that 
Mauritania must cope with. For example, poor rains in 2011 slashed agricultural output by two-thirds 
and pushed more farmers and pastoralists into poverty and hunger. Although cereal production has 



 82 

rebounded in recent years, with bumper crops registered in 2012 and 2013, food security remains shaky 
in parts of the country, particularly in areas where unpredictable rains in 2013 affected crops and grazing 
land (FAO, 2022b).  

 

Figure 4-32: WaPOR results for the mean annual values of Mauritania (2009-2020) for rainfed cropland, 
with the significant trend indicated. 

 

Table 4-32: Overview of trend analysis results for rainfed croplands in Mauritania over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.54 kg/m3 -78% NS 

TBP 2.67 t/ha/year -41% Significant (p=0.0468) 

ETref  2,881 mm/year +5% NS 

ETa  477 mm/year +34% Significant (p=0.0468) 

ETa/P 1.22  +27% NS 

ETa/ETref  0.17 -24% NS 
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4.18 Morocco 
Morocco has a total annual renewable water resource of 29 billion m3/year. This is 805 m3/capita/year, 
putting Morocco on place 142 on the country ranking (FAO Aquastat, 2017). The water resources of 
Morocco are facing challenges and the water scarcity that affects specific regions of the country often 
leads to a progressive over-exploitation of the available reserves, jeopardizing their sustainability and 
causing degradation of their quality and the environment (Farahy et al., 2020).  

Morocco’s water resources are under increasing pressure from population and industrial growth, 
irrigated agriculture, urbanization, tourism, climate change, overexploitation of aquifers and 
deteriorating water quality (Abdallah et al., 2019). Currently, most water is coming from surface water 
sources (80), only 20,3 is coming from ground water (FAO Aquastat, 2017).  

89% of the total water withdrawal is going to the agricultural sector (FAO Aquastat, 2017). The food 
sector vulnerability to climate change is a 0.4 on a scale of 0-1. Morocco scores a 53 (on a scale of 0-
100) climate change vulnerability and readiness index (the higher the score, the better) (ND-GAIN, 2022).  

 Irrigated cropland  

Figure 4-33 and Table 4-33 show the results of this study for the irrigated croplands of Morocco. Table 
3-35 indicates a negative trend in GBWP of 42%. Figure 3-36 shows that especially the year 2017 showed 
a decrease in GBWP. As TBP remained almost constant (a slight decline of 0.3%) over the period of 
2009-2020, this decrease in GBWP can be explained by the increase in ETa and ETref.  

ETref shows a significant increase of 9%; this suggests that climate conditions have negatively changed 
for irrigated croplands. Together with Togo and Qatar, Morocco shows the highest significant increase 
in ETref. The ETa/ETref also indicates an increase (25%). This suggests an increase in water consumption 
beyond compensating for a change in the atmospheric demand.  

The ETa/P shows a significant increase of 82%; this cannot be explained only by the rise in ETa of 34%, 
which suggest a decrease in precipitation for the irrigated cropland in Morocco.  
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Figure 4-33: WaPOR results for the mean annual values of Morocco (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-33: Overview of trend analysis results for irrigated croplands in Morocco over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   2.11 kg/m3 -42% NS 

TBP 15.01 t/ha/year -0.3% NS 

ETref  1,723 mm/year +9% Significant (p=0.0468) 

ETa  730 mm/year +34% NS 

ETa/P 2.57 +82% Significant (p=0.0335) 

ETa/ETref  0.43 +25% NS 

 

 Rainfed cropland  

Most rainfall occurs between October and May. Higher annual precipitation occurs in the mountainous 
areas of the north-west, in the Loukkos river basin, Tangier and the Mediterranean coast, at more than 
1,000 mm/year. Conversely, precipitation is less than 300 mm/year in the Moulouya, Tensift, Souss-
Massa and South Atlas basins. In the sub-Saharan region, it is even lower, at less than 100 mm/year 
(Abdallah et al., 2019). 
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The results of this study for rainfed cropland in Morocco are displayed in Figure 4-34 and Table 4-34. 
Here, the GBWP remained almost equal over the period of (2009-2020); only a slight decreasing trend 
of -0.3% was found. This can be explained by the decrease in TBP of 10%.  

Rainfed cropland in Morocco also shows a significant increase of 13% in ETref. This suggests that climate 
conditions have negatively changed for rainfed cropland. This is like the results for cropland areas of 
Morocco. Furthermore, the ETa/P shows an increasing trend of 41%, while the ETa showed a decreasing 
trend of 9%; a severe reduction of precipitation could explain this. Lower precipitation can also explain 
the drop in TBP for rainfed croplands, hence the lower TBP for rainfed croplands than irrigated 
croplands.  

 

Figure 4-34: WaPOR results for the mean annual values of Morocco (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-34: Overview of trend analysis results for rainfed croplands in Morocco over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   2.48 kg/m3 -0.3% NS 

TBP 9.09 t/ha/year -10% NS 

ETref  1,666 mm/year +13% Significant (p=0.0236) 

ETa  371 mm/year -9% NS 

ETa/P 0.91  +41% NS 

ETa/ETref  0.23 -19% NS 
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4.19 Mozambique 
More than 70% of the households live in rural areas in Mozambique. Farming is their main source of 
food and income. From 2010 to 2013, the agricultural sector contributed about 30% of GDP. It is the 
main source of income for more than 70% of the population (IFAD, n.d.). Mozambique has a renewable 
internal freshwater resource of 3,400 m3/cap/year, putting Mozambique on place 77 on the country 
ranking. From the total annual freshwater withdrawals, 73% goes to agriculture (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Mozambique scores a 38 (on 
a scale of 0-100) on the climate change vulnerability and readiness index (higher scores are better). 
Mozambique is the 48th most vulnerable country and the 171st most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

This study's results for Mozambique's irrigated croplands are displayed in Figure 4-35 and Table 4-35. 
An increasing trend of 5% in GBWP was found, which corresponds to the increasing trend of 5% seen 
for TBP. Figure 4-35 shows a decrease in biomass production for 2015-2016. This also corresponds to a 
decrease in ETa for these years. This was the result of the El Niño induced climate phenomena which 
resulted in the worst droughts over three decades. It was estimated that some 1.4 million people, 
particularly in the southern and central provinces, were badly hit and in need of food assistance (World 
Food Programme, 2016).  

The ETref shows a slightly increasing trend of 3%, which suggests that climate conditions have negatively 
changed for irrigated cropland. As the ETa/P shows a decreasing trend of 9% while the ETa also shows 
a (minor) negative trend of 3%, this might be explained by an increase in precipitation.  
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Figure 4-35: WaPOR results for the mean annual values of Mozambique (2009-2020) for irrigated 
cropland, with the significant trend indicated. 

 

Table 4-35: Overview of trend analysis results for irrigated croplands in Mozambique over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.58 kg/m3 +5% NS 

TBP 17,657 t/ha/year +5% NS 

ETref  1,914 mm/year +3% NS 

ETa  1,121 mm/year -3% NS 

ETa/P 1.74 -9% NS 

ETa/ETref  0.59 -6% NS 

 

 Rainfed cropland  

The rainfall distribution in Mozambique follows a north-south gradient, with more rainfall along the 
coast (annual average of 800-1200 mm/year). The inland high-altitude areas in the north and central 
regions receive approximately 1000 mm/year, whereas the inland central and south areas receive about 
600 mm/year of rainfall. The south of Mozambique is generally drier with an average rainfall lower than 
800 mm/year, decreasing to as low as 300 mm/year (World Bank, n.d.).  

Unlike the irrigated cropland of Mozambique, the rainfed cropland shows a decreasing trend in total 
biomass production of 4% over the period 2009-2020. This also corresponds to a decreasing trend of 
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6% in ETa. The GBWP shows a minor positive trend of 2%, this might be because of the decreasing Eta 
(Table 4-36). 

 

Figure 4-36: WaPOR results for the mean annual values of Mozambique (2009-2020) for rainfed cropland, 
with the significant trend indicated. 

 

Table 4-36: Overview of trend analysis results for rainfed croplands in Mozambique over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   2.11 kg/m3 +2% NS 

TBP 20.58 t/ha/year -4% NS 

ETref  1,694 mm/year -3% NS 

ETa  997 mm/year -6% NS 

ETa/P 0.90  -1% NS 

ETa/ETref  0.59 +1% NS 
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4.20 Niger 
Niger is part of the West Africa Sahel region, resulting in a hot climate characterized by very high 
temperatures, an intense dry season from October-May, and a brief, irregular rainy season linked to the 
West African monsoon (World Bank, n.d.). Niger has a renewable internal freshwater resource of 4 billion 
m3/year. This is 156 m3/cap/year, putting Niger on place 166 in the country ranking (FAO Aquastat, 
2017).  

The annual freshwater withdrawal of Niger is 1.7 billion m3/year. 88% of this goes to the agricultural 
sector (FAO Aquastat, 2017). More than 80% of the people rely on agriculture for their food and income. 
Most grow crops and raise livestock on small family farms (FAO, 2022b). Mainly traditional techniques 
are used. The farmers face many challenges and constraints. The most important ones are the decrease 
in soil fertility and lack of farm inputs, poor management of irrigation water, frequent attacks by pests 
and high population pressure (Alhassane, n.d.). These challenges are intensified by conflict in 
neighbouring countries which led to an influx of refugees (FAO, 2022b).  

The food sector vulnerability to climate change is a 0.8 on a scale of 0-1. Niger scores a 33 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Niger is the 
most vulnerable country and the 136th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

The results of this study for irrigated cropland in Niger can be found in Figure 4-37 and Table 4-37 
below. Here a decreasing trend of 11% can be seen for GBWP. This can be explained by the significant 
high change in ETa of 23% compared to an 8% increase in biomass production. Also, a significant 
increase of 22% in ETa/ETref can be seen. This suggests an increase in water consumption beyond 
compensating for a change in atmospheric demand.  
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Figure 4-37: WaPOR results for the mean annual values of Niger (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-37: Overview of trend analysis results for irrigated croplands in Niger over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.48 kg/m3 -11% NS 

TBP 4.62 t/ha/year +8% NS 

ETref  2,849 mm/year -3% NS 

ETa  941 mm/year +23% Significant (p=0.0049) 

ETa/P 2.98 +11% Tendency 

ETa/ETref  0.34 +22% Significant (p=0.0020) 

 

 Rainfed cropland  

Annual rainfall in Niger varies from year to year, but generally is lower in the north (100-200 mm/year) 
than in the south (500-600 mm/year) and is limited to the summer months of June-September. The 
length of the rainy season ranges from one to two months in the north and four to five months in the 
south (World Bank, n.d.). Table 4-38 and Figure 4-38 display the results of this study for rainfed cropland 
in Niger. The GBWP showed a decreasing trend of 20%, while the TBP remained almost similar. This 
decrease in GBWP can be explained by the significant increase in ETa of 22%, and ETa/ETref also showed 
a significant increase of 20%. This suggests an increase in water consumption beyond compensating for 
a change in the atmosphere demand.  
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The increase in ETa also slightly increases the ETa/P ratio. The average value of 1.13 (>1) suggests that 
other water sources than precipitation were used to sustain ETa.  

 

Figure 4-38: WaPOR results for the mean annual values of Niger (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 
 

Table 4-38: Overview of trend analysis results for rainfed croplands in Niger over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   0.42 kg/m3 -20% NS 

TBP 1.93 t/ha/year +1% NS 

ETref  2,814 mm/year -2% NS 

ETa  453 mm/year +22% Significant (p=0.0164) 

ETa/P 1.13  +2% NS 

ETa/ETref  0.16 +20% Significant (p=0.0112) 
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4.21 Nigeria 
Nigeria has a renewable internal freshwater resource of 221 billion m3/year, which is 1,128 m3/cap/year. 
This puts Nigeria on place 124 in the country rankings. 44% of the total annual freshwater withdrawals 
of Nigeria goes to the agricultural sector (FAO Aquastat, 2017). 70% of the rural people are subsistence 
smallholder farmers who produce some 90% of Nigeria’s food on un-irrigated plots wholly dependent 
on rainfall (IFAD, n.d.). Challenges faced by farmers are land degradation and erosion as a result from 
over-cultivating, deforestation, overgrazing, and drought, especially in the north (IFAD, n.d.). 
Furthermore, northern areas have a high degree of annual variation in its rainfall regime, which results 
in flooding and droughts (World Bank, n.d.).  

At present, the Federal Ministry of Water resources oversees all water resources development and 
management in the country through other smaller ministries and parastatals. Consequently, sectoral 
interests and lack of coordination among stakeholders hinder effective water resources management, 
resulting in over-abstraction and wastage of water resources, and environmental pollution which 
negatively affects essential ecosystems (Nwankwoala, 2014).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Nigeria scores a 37 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Nigeria is 
the 53rd most vulnerable country and the 179th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

The results of this study for irrigated cropland in Nigeria can be found in Figure 4-39 and Table 4-39 
below. Here a decreasing trend of 23% can be seen for GBWP, which can be explained by the great 
change in ETa of 18% compared to a 7% decrease in TBP. Also, an increase of 17% in ETa/ETref can be 
seen. This suggests an increase in water consumption beyond compensating for a change in the 
atmosphere demand.  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-resources-development
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wastage


 93 

 

Figure 4-39: WaPOR results for the mean annual values of Nigeria (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-39: Overview of trend analysis results for irrigated croplands in Nigeria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.62 kg/m3 -23% NS 

TBP 7.47 t/ha/year -7% NS 

ETref  2,614 mm/year -1% NS 

ETa  1,189 mm/year +18% NS 

ETa/P 2.29 -3% NS 

ETa/ETref  0.46 +17% NS 

 

 Rainfed cropland  

The country has a gradient of declining precipitation amounts from south to north. The southern regions 
experience strong rainfall events during the rainy season from March to October with annual rainfall 
amounts usually above 2,000 mm/year. The central regions are governed by a well-defined single rainy 
season (April to September) and dry season (December to March). The dry season is influenced by the 
Harmattan wind from the Sahara. Coastal areas experience a short drier season with most rain occurring 
over March to October. Annual rainfall can reach up to about 1,200 mm/year. In the north, rain only falls 
from June to September in the range of 500 to 750 mm/year. The rest of the year is hot and dry (World 
Bank., n.d.)  
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Table 4-40 and Figure 4-40 display the results of this study for rainfed cropland in Nigeria. The GBWP 
showed a decreasing trend of 6%. This is mainly because of the decreasing trend in TBP per land area 
of 9%. The decrease in GBWP can also be explained by an increase in ETa of 5%. ETa/ETref also showed 
an increase of 7%. This suggests an increase in water consumption beyond compensating for a change 
in the atmosphere demand. ETa/P showed a decreasing trend of 18%. As the ETa increased by 5%, this 
indicates an increase in precipitation.  

 

 

Figure 4-40: WaPOR results for the mean annual values of Nigeria (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-40: Overview of trend analysis results for rainfed croplands in Nigeria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.89 kg/m3 -6% NS 

TBP 7.55 t/ha/year -9% NS 

ETref  2,376 mm/year -3% NS 

ETa  824 mm/year +5% NS 

ETa/P  0.99  -18% NS 

ETa/ETref  0.35 +7% NS 
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4.22 Oman 
The total actual annual renewable water resources of Oman are 1,4 billion m3/year, which is 290 
m3/cap/year. This puts Oman on number 161 on the country ranking (FAO Aquastat, 2017).  

86% of the total water withdrawal is going to the agricultural sector. The food sector vulnerability to 
climate change is a 0.48 on a scale of 0-1. Oman scores a 55 (on a scale of 0-100) climate change 
vulnerability and readiness index. Adaptation challenges still exist, but Oman is well positioned to adapt. 
Oman is the 101st most vulnerable country and the 56th most ready country  (ND-GAIN, 2022).  

Most water withdrawal is coming from groundwater (94%), only 6% is coming from surface water 
sources (FAO Aquastat, 2017). Water is accessed through channel systems that make use of the gravity 
flow from underground surface springs on neighboring mountain slopes. These systems are called Aflaj, 
of which there are more than 3,000 in Oman with an average water supply of 552 million m3/year. 
Leakage at the main channels cause losses of 128 million m3/year (Fanack Water, 2018). The process of 
water ratio allocations to the beneficiaries is established by traditions and laws.  

 Irrigated cropland  

Figure 4-41 and Table 4-41 show the results for irrigated croplands in Oman. Table 4-41 shows an 
increasing trend in GBWP of 12%. This is mainly because of an increase of TBP per land area of 16%. 
These positive trends were despite an increase in ETref of 4% which indicates that climate conditions 
have negatively changed for irrigated cropland. Potential evaporation in Oman is high and variable and 
exceeds the precipitation rate by 20 times. This high evaporation rate is attributed to the high 
temperature associated with increasing humidity during the summer. Recent climate trends reveal a 
consistent increase in daily maximum and minimum temperature (Ahmed, 2022). 

Also, the ETa/P decreased by 19%. As the ETa remained somewhat equal over the period of 2009-2020, 
this suggests an increase in precipitation. This does however not correspond with World Bank data that 
indicates a decreasing precipitation trend for Oman (World Bank, n.d.).   
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Figure 4-41: WaPOR results for the mean annual values of Oman (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-41: Overview of trend analysis results for irrigated croplands in Oman over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.82 kg/m3 +12% NS 

TBP 5.59 t/ha/year +16% NS 

ETref  2,238 mm/year +4% NS 

ETa  659 mm/year +1% NS 

ETa/P 7.45 -19% NS 

ETa/ETref  0.30 -1% NS 
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4.23 Palestine 
Palestine has a total annual actual renewable water resource of 0,837 billion m3/year. The country scores 
a 2.9 (on a 0-5 scale) on water stress. This number indicates the total water withdrawals as a percentage 
of the total annual available water. Higher values indicate more competition among users (FAO 
Aquastat, 2017).  

 Irrigated cropland  

Throughout 2009-2020, Palestine showed a significant increase of 23% in TBP. This makes Palestine, 
together with Yemen, Iraq, and Sudan, one of the countries with the highest increase in TBP. This also 
explains the significant increase in ETa of 21% and the significant rise in ETa/ETref of 24%. Also, the 
GBWP showed an increasing trend of 6%. This improvement in the agricultural production of Palestine 
might be the result of the significant efforts made by the Palestinian agricultural sector to become more 
self-sufficient to address the challenge of restricted access to water and shortage of supply (Fanack 
Water, 2015b).  

 

Figure 4-42: WaPOR results for the mean annual values of Palestine (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-42: Overview of trend analysis results for irrigated croplands in Palestine over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.60 kg/m3 +6% NS 

TBP 9.29 t/ha/year +23% Significant (p=0.0049) 

ETref  1,722 mm/year -1% NS 
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ETa  575 mm/year +21% Significant (p=0.0013) 

ETa/P 1.92 +13% NS 

ETa/ETref  0.34 +24% Significant (p=0.0075) 

 

 Rainfed cropland  

Like the irrigated croplands in Palestine, the rainfed croplands show a significant increase of 30% in TBP. 
Especially the year 2015 showed a substantial increase. This increase in TBP also corresponds to the 
significant growth of 29% in ETa. The ETa/ETref also showed a significant increase of 29%, as the ETref 
remained similar throughout 2009-2020. The GBWP showed an increasing trend of 6% (Figure 4-43 and 
Table 4-43).  

ETa/P has an average value of 1.14 over the period of 2009-2020. This indicates that not all water needed 
for the ETa was coming from precipitation, suggesting that other water sources were required for TBP. 
The ETa/P also shows an increasing trend caused by the increase in Eta (Figure 4-43 and Table 4-43). 

 

Figure 4-43: WaPOR results for the mean annual values of Palestine (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-43: Overview of trend analysis results for rainfed croplands in Palestine over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.64 kg/m3 +6% NS 

TBP 7.01 t/ha/year +30% Significant (p=0.0049) 
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ETref  1,713 mm/year -0.2% NS 

ETa  425 mm/year +29% Significant (p=0.0467) 

ETa/P 1.14  +3% NS 

ETa/ETref  0.21 +29% Significant (p=0.0236) 
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4.24 Qatar 
Qatar has a total annual actual renewable water resources of only 0,058 billion m3/year. This is 20 
m3/cap/year, this puts the country on a 176th place in the country ranking. The country scores a 4.97 (on 
a 0-5 scale) on water stress. This number indicates the total water withdrawals as a percentage of the 
total annual available water. Higher values indicate more competition among users. Qatar is therefore 
considered as a water-scarce country. However, it has one of the highest per capita water consumption 
rates in the world (FAO Aquastat, 2017).  

Most withdrawal is coming from groundwater sources. However, the groundwater is depleted due to 
unsustainable use. The groundwater is widely used for agricultural, domestic, and recreational projects. 
32% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). The high salinity 
concentrations of the groundwater are due to the stress from agriculture, urban development, and 
climate change. This highlights the need for enhancing rainfall infiltration to the aquifers, recharging 
the groundwater aquifers using treated sewage effluent, the use of efficient water irrigation practice, 
the reuse of treated wastewater for irrigation, and the development of certain water-use tariff structures 
and awareness campaigns (Ahmad & Al-Ghouti, 2020).  

Qatar also depends largely on seawater desalination. The country has invested large sums in developing 
and implementing strategies to improve its water security, such as water conservation strategies and 
the expansion of treated wastewater use (Abdallah, 2021).  

The food sector vulnerability to climate change is a 0.3 on a scale of 0-1. Qatar scores a 58 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Qatar is the 
139th most vulnerable country and the 44th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

The results of this study for Qatar's irrigated cropland areas are displayed in Figures 4-44 & Table 4-44. 
Here an increasing trend of 19% in TBP can be seen, which also explains the increase in ETa by 17%. The 
GBWP remained almost constant (only a 1% increase).  

The ETref shows a significant increase of 9%. This suggests that climate conditions have negatively 
changed for irrigated croplands. With Togo, Morocco, Kuwait, Tunisia, Senegal, and Mauritania, this is 
one of the highest significant increases of all countries in this study. The ETa/ETref shows an increase of 
8%, which suggests an increase in water consumption beyond compensating for a change in the 
atmospheric demand.  

The ETa/P ratio has an average value of 10 over the period 2009-2020, and this indicates that many 
other water sources than precipitation have been used for agricultural production. This also displays an 
increasing trend (13%), meaning that the ETa increases while the rainfall is equal or decreasing.  
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Figure 4-44: WaPOR results for the mean annual values of Qatar (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-44: Overview of trend analysis results for irrigated croplands in Qatar over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.80 kg/m3 +1% NS 

TBP 8.28 t/ha/year +19% NS 

ETref  2,674 mm/year +9% Significant (p=0.0049) 

ETa  1,028 mm/year +17% NS 

ETa/P 10.00 +13% NS 

ETa/ETref  0.38 +8% NS 
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4.25 Saudi Arabia 
Saudi Arabia has a lack of natural water bodies, making the country water scarce, this is also exacerbated 
by climate change and population growth. Saudi Arabia has a total annual actual renewable water 
resources of 2,4 billion m3/year. This corresponds to 71 m3/cap/year, putting Saudi Arabia on number 
174 of the country ranking list. The country scores a 4.84 (on a 0-5 scale) on water stress. This number 
indicates the total water withdrawals as a percentage of the total annual available water. Higher values 
indicate more competition among users (FAO Aquastat, 2017). 

99% of the total freshwater withdrawal is coming from groundwater sources, 1% is coming from surface 
water. Groundwater has been exhausted beyond its replenishment rate. Moreover, Saudi Arabia 
depends heavily on seawater desalination to fulfil the increasing demands – it produces about 18% of 
total desalinated water globally (Fanack Water, 2021). 82% of the total water withdrawal goes to the 
agricultural sector (FAO Aquastat, 2017). The food sector vulnerability to climate change is a 0.5 on a 
scale of 0-1. Adaptation challenges still exist, but Saudi Arabia is well positioned to adapt. Saudi Arabia 
is the 107th most vulnerable country and the 39th most ready country (ND-GAIN, 2022).  

 Irrigated cropland  

As shown in Table 4-45, the GBWP trend of irrigated cropland in Saudi Arabia remained almost constant 
(only a 1% increase). The TBP showed a negative trend of 6%. The ETref showed a significant adverse 
change of 2%, indicating that climate conditions have slightly positively changed for irrigated croplands. 
The higher the ETref, the harder the atmospheric conditions are for crops.  

The ETa/P shows a decrease of 54%, suggesting that the P has increased. An explanation for this could 
be the increased frequency of extreme rainfall events in Saudi Arabia (Almazroui, 2020). However, the 
overall average value of ETa/P is still high at 9.37, meaning that many other water sources than rainfall 
have been used for agricultural production.  
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Figure 4-45: WaPOR results for the mean annual values of Saudi Arabia (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-45: Overview of trend analysis results for irrigated croplands in Saudi Arabia over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.95 kg/m3 +1% NS 

TBP 8.50 t/ha/year -6% NS 

ETref  2,527 mm/year -2% Significant (p=0.0236) 

ETa  823 mm/year +11% NS 

ETa/P 9.37 -54% NS 

ETa/ETref  0.33 +13% NS 

 

 Rainfed cropland  

Saudi Arabia lies in the tropical and subtropical desert region, and the weather is hot and dry with a 
high evaporation rate. During the summer, temperatures can reach 55°C. The annual rainfall fluctuates 
between 50-150 mm/year. The rainfall decreased from 86 mm/year in 2010 to 74 mm/year in 2015 but 
increased to 127.8 mm/year in 2018. The recorded average rainfall in 2019 was about 59 mm/year 
(Fanack Water, 2021a).  

As shown in Table 4-46, the GBWP for rainfed cropland in Saudi Arabia has increased by 63%. Saudi 
Arabia has the highest increase in GBWP for rainfed cropland areas. This is mainly because TBP 
significantly increased by 117%. As a result, the ETa also considerably increased by 37%. This could be 
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due to the many innovative water technologies that Saudi Arabia has been introducing to achieve food 
security (Fiaz et al., 2018) 

The ETa/P, however, shows a negative trend of 8%, which suggests that the precipitation increased. The 
overall average value is still above 1, meaning that other water sources have been used to get this 
amount of ETa. The ETa/ETref shows a significant increasing trend of 46% (Table 4-46). This suggests an 
increase in water consumption beyond compensating for a change in the atmospheric demand.  

 

Figure 4-46: WaPOR results for the mean annual values of Saudi Arabia (2009-2020) for rainfed cropland, 
with the significant trend indicated. 

 

Table 4-46: Overview of trend analysis results for rainfed croplands in Saudi Arabia over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.21 kg/m3 +63% Significant (p=0.0467) 

TBP 0.53 t/ha/year +117% Significant (p=0.0032) 

ETref  2,469 mm/year -5% NS 

ETa  240 mm/year +37% Significant (p=0.0075) 

ETa/P 1.19  -8% NS 

ETa/ETref  0.10 +46% Significant (p=0.0049) 
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4.26 Senegal 
Senegal has a total renewable freshwater resource of 26 billion m3/year. This corresponds to 1,627 
m3/cap/year, resulting in Senegal being on the 110th place in the country rankings. 93% of the total 
freshwater withdrawal goes to the agricultural sector (FAO Aquastat, 2017). Yet Senegal imports almost 
70 per cent of its food and people go hungry. Only 65% of Senegal’s 3.8 million ha of arable is farmed 
and 30% of irrigable land used. Small rainfed subsistence farms are the norm (IFAD, n.d.). On the ND-
GAIN country index that measures the overall vulnerability to climate change of the food sector, Senegal 
scores 0.6 on a scale of 0-1. Senegal is the 31th most vulnerable country and the 125th most ready country 
(ND-GAIN, 2022).  

 Irrigated cropland 

Table 4-47 indicates a significant decrease of 42% in GBWP for irrigated croplands in Senegal over the 
period 2009-2020. This makes Senegal, together with Burkina Faso, Mali, Benin, and the Gambia, one of 
the countries with the most significant decrease in GBWP. This decrease in GBWP results from a 
significant increase of 34% in ETa compared to a 6% reduction in TBP. This reflects the slowdown in 
agricultural productivity Senegal is facing, mainly due to climate shocks, such as low rainfalls, droughts, 
lack of access to water, and volatility of prices. Agricultural productivity is also pressured by high levels 
of soil erosion mainly due to climate fluctuations, increased population pressure, unsustainable land 
uses, overgrazing, and inappropriate farming practices (Capozzi et al., 2018) 

The ETref shows a significant increase of 11%, corresponding to changes in climatic conditions that lead 
to more difficult atmospheric conditions for crops. Lower rainfalls are also reflected by the significant 
increase in ETa/P by 90%, which indicates that the ETa is increasing more than the precipitation. The 
ETa/ETref shows a significant increase of 23%. This suggests an increase in water consumption beyond 
compensating for a change in the atmospheric demand.  
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Figure 4-47: WaPOR results for the mean annual values of Senegal (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-47: Overview of trend analysis results for irrigated croplands in Senegal over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.60 kg/m3 -42% Significant (p=0.0075) 

TBP 6.21 t/ha/year -6% NS 

ETref  2,879 mm/year +11% Significant (p=0.0075) 

ETa  1,034 mm/year +34% Significant (p=0.0003) 

ETa/P 4.56 +90% Significant (p=0.0112) 

ETa/ETref  0.36 +23% Significant (p=0.0032) 

 

 Rainfed cropland  

Figure 4-48 and Table 4-48 display the results of rainfed cropland in Senegal. Here, the same trends can 
be found for irrigated croplands. The GBWP decreased significantly by 72%. This makes Senegal, 
together with Mauritania, the country with the largest decrease in GBWP for rainfed croplands. This 
decrease in GBWP is mainly because of a significant decline of 59% in TBP compared to a significant 8% 
increase in ETa. The ETref significantly increased by 14%, suggesting that climatic conditions have 
negatively changed.  
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The overall value of ETa/P is 1 on average over 2009-2020, meaning on average that all water used for 
the ETa is coming from precipitation. However, the ETa/P shows an increase; this indicates that the ETa 
increased more than the precipitation. 

 

 

Figure 4-48: WaPOR results for the mean annual values of Senegal (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 
 

Table 4-48: Overview of trend analysis results for rainfed croplands in Senegal over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.81 kg/m3 -72% Significant (p=0.0112) 

TBP 4.72 t/ha/year -59% Significant (p=0.0049) 

ETref  2,621 mm/year +14% Significant (p=0.0164) 

ETa  556 mm/year +8% NS 

ETa/P 1.00  +31% NS 

ETa/ETref  0.22 -4% NS 
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4.27 Sudan 

Sudan consists generally of flat plains, with a few mountain areas. About 73.5 million ha of Sudan is 
suitable for agriculture. The average area sown is approximately 26 million ha with a diversified range 
of crops. Moreover, land in Sudan is suitable for animal husbandry, with an estimated total livestock 
population of about 111 million in 2021.  The economy of Sudan is highly dependent on the agricultural 
sector, as nearly 65% of its population is engaged in agriculture. The percentage of agriculture, forestry, 
and fishing of the total GDP was 20.4% in 2020 (World Bank, n.d.).  

The total annual actual renewable water resources of Sudan are 37.8 billion m3/year, which is 96 
m3/cap/year. This puts Sudan on the 170th place in the country rankings. The water dependency ratio is 
96,13%, this expresses the percentage of total renewable water resources originating outside the 
country. This means that Sudan receives a lot of its renewable water from upstream countries. 96.21% 
of the total water withdrawal goes to agriculture (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.7 on a scale of 0-1. Sudan scores a 32 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Sudan is 
the 5th most vulnerable country and the 176th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

95% of the planted area is assigned to rainfed crop production and 5% to irrigated crop production 
(FAO, 2022a). Figure 4-49 shows the areas that are analysed for the irrigated croplands (in blue) and 
those for the rainfed croplands (in green). The areas that have the classification irrigated cropland and 
rainfed cropland, but were discarded based on the applied quality filters are indicated in orange and 
yellow. 

 

Figure 4-49: Overview of the pixels used in the analysis for irrigated cropland (dark blue) and rainfed 
cropland (dark green), as well as the pixels that were discarded in the quality filter process, indicated in 

orange for irrigated lands and yellow of rainfed lands.   
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See Figure 4-50 and Table 4-49 for Sudan’s results. The irrigated areas of Sudan show an increase of 
18% in GBWP over the past 12 years, and there thus has been a remarkable change in GBWP for the 
irrigated areas. The TBP showed a significant increase of 34% from 2009 to 2020. In this study, Sudan 
has one of the highest GBWP and TBP increases compared to all countries. Only Yemen and Iraq showed 
a higher increase. In addition, the ETref shows a decrease of 3%, so the climatic conditions also have 
positively changed for irrigated cropland. Annex III shows a spatial variation overview map of these 
values for all irrigated areas in Sudan. 

The FAO raised attention to the following issues to increase yield in irrigated croplands of Sudan; a 
shortage of efficient, well-maintained farm machinery, a shortage of credit and working capital, the use 
of low yielding crop varieties and low plant density with scarce availability of improved seeds, 
inadequate maintenance of irrigation canals, inefficient irrigation pumps and poor agricultural practices 
such as inadequate weed and pest control (FAO, 2022a) 

 

Figure 4-50: WaPOR results for the mean annual values of Sudan (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

Table 4-49: Overview of trend analysis results for irrigated croplands in Sudan over 
the period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP 0.50 kg/m3 +18% NS 

TBP 5.12 t/ha/year +34 % Significant (p=0.0020) 

ETref 3,051 mm/year -3% NS 

ETa 985 mm/year +23% Significant (p=0.0008) 

ETa/P 6.92 -25% NS 

ETa/ETref 0.32 +26% Significant (p=0.0032) 
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 Rainfed cropland  

The average annual rainfall increases from north to south, ranging from almost zero mm/year in the 
north to over 800 mm/year in the savannah regions in the south, and from a few days to four months 
in duration. Rainfed cropland in Sudan must deal with several challenges such as wide annual 
fluctuations because of erratic rainfall amounts and distribution, which can result in late sowing, long 
dry spells, flooding from intense downpours, the necessity to re-sow and even complete crop failure 
(FAO, 2022a).  

Figure 4-51 and Table 4-50 show the results for the rainfed croplands of Sudan. An increasing trend of 
19% in GBWP can be seen for 2009-2020, and the TBP showed a rising trend of 43%. The ETa/ETref also 
showed an increasing trend of 22%. This suggests an increase in water consumption beyond 
compensating for a change in the atmospheric demand.  

 

Figure 4-51: WaPOR results for the mean annual values of Sudan (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-50: Overview of trend analysis results for rainfed croplands in Sudan over the 
period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.63 kg/m3 +19% NS 

TBP 3.97 t/ha/year +43% NS 

ETref  2,718 mm/year -1% NS 

ETa  593 mm/year +29% Significant (p=0.0049) 
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ETa/P 1.16 +5% NS 

ETa/ETref  0.22 +22% Significant (p=0.0049) 
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4.28 Somalia 
Somalia has a total annual actual renewable water resources of 14,7 billion m3/year, which is 400 
m3/cap/year. This puts Somalia on the 158th place in the country rankings. Most water is surface water 
(96%), only 4% is groundwater. 59% of the total renewable water resources originates outside the 
country. A lot of water is going to the agricultural sector, which is an important economic activity in 
Somalia (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.7 on a scale of 0-1. Somalia scores a 34 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Somalia is 
the 2nd most vulnerable country and the 120th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

In central and southern Somalia, irrigation is restricted to the relatively and continuously diminishing 
fertile areas around the Shabelle River, where the main crops are maize, rice, sesame, cowpeas, bananas, 
papayas, lemons, grapefruit, and mangoes (IFAD, n.d.) 

Figure 4-52 and Table 4-51 display the results for irrigated areas in Somalia. The GBWP only showed a 
slightly increasing trend of 2%, mainly the result of increased TBP of 11%. However, the ETa increased 
by 14%, more than the TBP. 2017 shows a decrease in TBP; this was the result from a severe drought in 
the country with larges losses in production (Mourad, 2020).  

The ETref shows a slight increase, which indicates that the climatic conditions have slightly negatively 
changed for irrigated croplands. Also, the ETa/P has significantly increased by 54% (Table 4-51); this 
suggests that the ETa increased more than the precipitation.  

 

Figure 4-52: WaPOR results for the mean annual values of Somalia (2009-2020) for irrigated cropland, 
with the significant trend indicated. 
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Table 4-51: Overview of trend analysis results for irrigated croplands in Somalia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.16 kg/m3 +2% NS 

TBP 10.60 t/ha/year +11% NS 

ETref  2,433 mm/year +4% NS 

ETa  895 mm/year +14% NS 

ETa/P 2.73 +54% Significant (p=0.0075) 

ETa/ETref  0.37 +6% Tendency 

 

 Rainfed cropland  

Precipitation is generally low across the country and takes the form of showers or localized torrential 
rains, subject to high spatial and temporal variability. The average annual rainfall is about 200 mm/year 
in most parts of the country. Only the northern coastline receives significantly less rainfall (only up to 
50 mm/year). Rainfall in the south is higher at approximately 400 mm/year and highest in the southwest 
with around 600 mm/year of rainfall (World Bank, n.d.).  

The GBWP for rainfed cropland increased by 24%, as seen in Table 4-52. This is mainly because of a 
larger increase in TBP (35%) than the increase in ETa (18%). The ETref shows a decreasing trend of 9%; 
this indicates that climatic conditions have positively changed for irrigated croplands.  

The ETa/ETref also increased by 29% (Table 4-52). This suggests an increase in water consumption 
beyond compensating for a change in the atmospheric demand.  
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Figure 4-53: WaPOR results for the mean annual values of Somalia (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

Table 4-52: Overview of trend analysis results for rainfed croplands in Somalia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.14 kg/m3 +24% NS 

TBP 5.04 t/ha/year +35% NS 

ETref  2,383 mm/year -9% NS 

ETa  443 mm/year +18% NS 

ETa/P  1.01  +3% NS 

ETa/ETref  0.19 +29% NS 
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4.29 Syria 
Syria has a total annual actual renewable water resources of 16,8 billion m3/year. This corresponds to 
421 m3/cap/year and puts Syria on number 156 of the country rankings (FAO Aquastat, 2017). With 
precipitation that can reach up to 1,400 mm/year in the mountainous areas, groundwater aquifers, and 
a system of 16 main rivers and tributaries (including six international rivers), Syria has historically had 
fewer water concerns than its southern Arab neighbours (Al-Saidi, 2020). Furthermore, the country 
scores a 3,64 (on a 0-5 scale) on water stress. This number indicates the total water withdrawals as a 
percentage of the total annual available water. Higher values indicate more competition among users 
(FAO Aquastat, 2017).  

Syria deals with several challenges are threatening the sustainability of Syria’s water resources, such as 
a high rate of population growth, rapid urbanization, climate change, and economic development 
(Alhamed, 2019). Syria’s groundwater resources, as well as its surface water resources, are both heavily 
exploited for agricultural, municipal, and industrial use. 88.8% of the total water withdrawal goes to the 
agricultural sector (FAO Aquastat, 2017). Overexploitation of groundwater resources in Syria has 
resulted from decades of public policies to expand irrigated agriculture and improve food security (Al-
Saidi, 2020).  

The food sector vulnerability to climate change is a 0.55 on a scale of 0-1. It has both a great need for 
investment and innovations to improve readiness and a great urgency for action. Syria is the 66th most 
vulnerable country and the 185th most ready country (ND-GAIN, 2022).  

 Irrigated cropland 

The GBWP for irrigated cropland in Syria remained almost similar, with only a slight increase of 3%. 
However, TBP decreased by 22% over the period 2009-2020. The ETa was also reduced by 15% (Table 
4-53).  

This decrease in agricultural production is mainly because of the severe drought that triggered an 
agricultural collapse and an internal displacement of entire rural farm families. High labour costs also 
impact crop production, shortages of workers, crop destruction and fragmented markets, with disrupted 
supply chains and severe damage to grain silos and flour mills (Tull, 2017).  
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Figure 4-54: WaPOR results for the mean annual values of Syria (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-53: Overview of trend analysis results for irrigated croplands in Syria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.37 kg/m3 +3% NS 

TBP 8.38 t/ha/year -22% NS 

ETref  1,943 mm/year +3% NS 

ETa  630 mm/year -15% NS 

ETa/P 3.19 -28% NS 

ETa/ETref  0.33 -17% NS 

 

 Rainfed cropland  

Unlike the irrigated croplands in Syria, the rainfed croplands show an increasing trend in TBP of 11%, 
with a rising trend of 8% in ETa. However, the GBWP shows a slight decrease of 3% throughout 2009-
2020. The ETa/P shows a positive increase of 12%, indicating that the ETa increased more than the 
precipitation. However, the average value over the entire period is 0.8, meaning that all 
evapotranspiration is supported by precipitation water. The ETa/ETref shows an increase of 6% (Table 
4-54). This suggests an increase in water consumption beyond compensating for a change in the 
atmospheric demand.  
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Figure 4-55: WaPOR results for the mean annual values of Syria (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-54: Overview of trend analysis results for rainfed croplands in Syria over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.96 kg/m3 -3% NS 

TBP 6.96 t/ha/year +11% NS 

ETref  1,695 mm/year +2% NS 

ETa  358 mm/year +8% NS 

ETa/P 0.80  +12% NS 

ETa/ETref  0.21 +6% NS 
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4.30 Togo 
Togo has a total annual actual renewable water resources of 12 billion m3/year. This is 1,458 
m3/cap/year, putting Togo on place 113 on the country ranking. The country scores a 3.39 (on a 0-5 
scale) on water stress. This number indicates the total water withdrawals as a percentage of the total 
annual available water. Higher values indicate more competition among users. 34% of the total water 
withdrawal goes to the agricultural sector (FAO Aquastat, 2017). Water security in Togo is challenged 
by managerial factor such as institutional instability, the inadequacies in water and related sector 
evolution, and the absence of de-centralized water management structures, the non-operationalization 
of management organs/financial instruments, and culture (i.e., taboos and bylaws) (Yomo et al., 2019).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Togo scores a 41 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Togo is the 
42nd most vulnerable country and the 127th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

Figure 4-56 and Table 4-55 show the results of this study for the irrigated croplands in Togo over the 
period 2009-2020. Here, the GBWP significantly decreased by 38% over this period. This is mainly 
because of a significant decrease in TBP of 27%, compared to an increase in ETa of 7%. This makes Togo, 
together with Gambia, Senegal, and Mauritania, one of the countries with the largest significant 
decreases in GBWP.  

The decrease in TBP and GBWP in Togo could be due to several challenges the country faces. Togo is 
dealing with severe climatic challenges such as drought, heat, and floods. In addition, there is a 
reduction in agricultural labour availability because of rural-urban migration. This might explain the 
strong reduction in yield (Boansi, 2017).  

Also, the ETref significantly increased by 11%, indicating that climatic conditions have negatively 
changed for irrigated cropland in Togo. The ETa/P increased by 17%, suggesting that the ETa increased 
more than the precipitation. As the ETa increased by only 7% (Table 4-55), this indicates that the 
precipitation decreased over this period.  
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Figure 4-56: WaPOR results for the mean annual values of Togo (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-55: Overview of trend analysis results for irrigated croplands in Togo over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   1.55 kg/m3 -38% Significant (p=0.0008) 

TBP 20.32 t/ha/year -27% Significant (p=0.0013) 

ETref  1,652 mm/year +11% Significant (p=0.0002) 

ETa  1,312 mm/year +7% NS 

ETa/P 1.38 +17% NS 

ETa/ETref  0.80 -3% NS 

 

 Rainfed cropland  

The mean annual precipitation is 1,216 mm/year.  Rainfall in the south of the country comes in the form 
of two seasons: the first between mid-March to late July and the second between early September to 
early mid-November (World Bank, n.d.). Rainfed cropland in Togo shows similar trends as irrigated 
croplands. Table 4-56 indicates a significant decrease in GBWP of 52%. This is mainly because of a 
significant reduction in TBP of 42%, while the ETa increased by 12%.  

The ETref increased by 13%. This suggests that climatic conditions have negatively changed for rainfed 
cropland. Especially from 2014 on, the ETref increased (Figure 4-57). 
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Figure 4-57: WaPOR results for the mean annual values of Togo (2009-2020) for rainfed cropland, with the 
significant trend indicated. 

 

Table 4-56: Overview of trend analysis results for rainfed croplands in Togo over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.09 kg/m3 -52% Significant (p=0.0467) 

TBP 11.96 t/ha/year -42% Significant (p=0.0112) 

ETref  1,975 mm/year +13% NS 

ETa  1,086 mm/year +12% NS 

ETa/P 0.97  +17% NS 

ETa/ETref  0.57 -2% NS 
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4.31 Tunisia 
Tunisia has a total annual actual renewable water resources of 4,6 billion m3/year, which is 363 
m3/cap/year. Tunisia is placed on the 159th place of the country rankings. 9.1% of this is originating 
outside the country. The country scores a 3.67 (on a 0-5 scale) on water stress. This number indicates 
the total water withdrawals as a percentage of the total annual available water. Higher values indicate 
more competition among users (FAO Aquastat, 2017).  

From the total water withdrawal, 64% is coming from groundwater and 36% is coming from surface 
water (FOA Aquastat, 2017). The groundwater resources in Tunisia are associated with both shallow and 
deep aquifers, including both renewable and weakly renewable or fossil reserves. The total exploitable 
reserves are estimated at nearly 2,100 million m3/year, distributed sparsely across the entire 
country. Renewable groundwater resources are available at 55% in the north of the country, 30% in the 
centre and 15% in the south of the total renewable groundwater resources potential. Surface water 
resources total 2,700 million m3/year. Surface water resources are also constrained by the irregularity in 
rainfall between months and years. Moreover, surface water resources have a very high inter-annual 
variability (Fanack Water, 2020).  

77% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). The food sector 
vulnerability to climate change is a 0.4 on a scale of 0-1 and Tunisia scores a 52 (on a scale of 0-100) 
climate change vulnerability and readiness index. Tunisia is the 122nd most vulnerable country and the 
81st most ready country (ND-GAIN, 2022).  

 Irrigated cropland  

Shallow (unconfined) groundwater is the most prevalent type of water used for irrigation in Tunisia, 
followed by deep groundwater. However, these sources are almost completely appropriated, and the 
traditional approach of Tunisia’s groundwater resources policy has fallen short of ensuring the 
sustainable use of these resources. There are two different types of management systems that can be 
differentiated: private-individual or collective. The first one occurs when a private individual has free 
access to the resources, which has multiplied and become more atomized. This is mostly happening in 
shallow aquifers in the north and east of the country. The second occurs either through the state or 
GDAs (Groupements de Development Agricoles) for irrigation. Public irrigation schemes occur in 57% 
of the total irrigated area. In the south, groundwater is mostly used in oases and managed through 
GDAs. Several actions to strengthen groundwater policy in Tunisia are to improve data collection and 
sharing among water users, improve stakeholder mobilization to pursue the decentralization policy, 
enforcing regulation (Closas et al., 2017).  

Figure 4-58 and Table 4-57 show the results of this study for irrigated cropland in Tunisia. The GBWP 
decreased by 10%. This is mainly because of an increase in ETa of 24%, while TBP increased less by 19%. 
Both results are significant. These decreasing trends are likely the results of several challenges in the 
Tunisian agricultural sector. Tunisia faces general water scarcity and irregular rainfall throughout the 
year, significant issues for Tunisian agriculture. Furthermore, the overall quality of the seeds is not high, 
and there is limited application of climate-smart technologies (Blom-Zandstra et al., 2017).  

An explanation for the high ETa increase could be the significant rise in ETref of 11%. This suggests that 
climatic conditions have negatively changed for irrigated croplands, and higher ETref indicates more 
difficult atmospheric conditions for crops. The ETa/P significantly increased by 39%. As the ETa increased 
by 24%, part of the ETa/P increase could be explained by a precipitation decrease (Table 4-57).  
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Figure 4-58: WaPOR results for the mean annual values of Tunisia (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-57: Overview of trend analysis results for irrigated croplands in Tunisia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   1.73 kg/m3 -10% NS 

TBP 12.44 t/ha/year +19% Significant (p=0.0049) 

ETref  1,647 mm/year +11% Significant (p=0.0112) 

ETa  725 mm/year +24% Significant (p=0.0032) 

ETa/P 2.02 +39% Significant (p=0.0049) 

ETa/ETref  0.45 +9% NS 

 

 Rainfed cropland 

Table 4-58 shows that the GBWP for rainfed areas in Tunisia significantly decreased by 18% from 2009 
to 2020. This is mainly because of the significant increase of 21% in ETa with only a corresponding 
increase of 11% in TBP. The ETref increased significantly by 12%, indicating that climatic conditions have 
negatively changed for rainfed cropland. The ETa/P also significantly increased by 48%. As the ETa 
increased by 21%, this indicates that the P decreased over this period. The ETa/ETref increased by 10%. 
This suggests an increase in water consumption beyond compensating for a change in the atmospheric 
demand.  
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Figure 4-59: WaPOR results for the mean annual values of Tunisia (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 

Table 4-58: Overview of trend analysis results for rainfed croplands in Tunisia over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   2.02 kg/m3 -18% Significant (p=0.0164) 

TBP 8.66 t/ha/year +11% NS 

ETref  1,546 mm/year +12% Significant (p=0.0236) 

ETa  433 mm/year +21% Significant (p=0.0467) 

ETa/P 0.85  +48% Significant (p=0.0008) 

ETa/ETref  0.28 +10% NS 
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4.32 Uganda 
Uganda has a total annual actual renewable water resources of 39 billion m3/year. This is 913 
m3/cap/year and puts Uganda on place 134 in the country rankings. 41% of the total water withdrawal 
goes to the agricultural sector (FAO Aquastat, 2017).  

The food sector vulnerability to climate change is a 0.6 on a scale of 0-1. Uganda scores a 35 (on a scale 
of 0-100) on the climate change vulnerability and readiness index (higher scores are better). Uganda is 
the 13th most vulnerable country and the 160th most ready country (ND-GAIN, 2022). 

 Irrigated cropland  

Table 4-59 displays an increasing trend of 19% in GBWP for irrigated cropland in Uganda over the period 
2009-2020. This is mainly because of the increase (10%) in TBP in combination with the significant 
decreased in ETa of 8%. This is remarkable as the adoption of sustainable land and water management 
practices is low. Barriers for sustainable practices were found to be poverty trap, overpopulation, risk 
aversion, remoteness, and post-conflict patriarchal systems (Piemontese et al., 2021). The ETref 
significantly decreased with 6%, indicating that climatic conditions have positively changed for irrigated 
croplands in Uganda.  

 

Figure 4-60: WaPOR results for the mean annual values of Uganda (2009-2020) for irrigated cropland, 
with the significant trend indicated. 

 

Table 4-59: Overview of trend analysis results for irrigated croplands in Uganda over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.87 kg/m3 +19% NS 
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TBP 28.42 t/ha/year +10% NS 

ETref  1,710 mm/year -6% Significant (p=0.0164) 

ETa  1,535 mm/year -8% Significant (p=0.0075) 

ETa/P 1.52 -19% NS 

ETa/ETref  0.91 +1% NS 

 

 Rainfed cropland  

The GBWP for rainfed cropland in Uganda shows a significant increase of 33% (Table 4-60). This makes 
Uganda, together with Saudi Arabia and Egypt, one of the countries with the highest significant increase 
in GBWP. This is mainly because of a significant increase in TBP of 14% and a significant decrease in ETa 
of 18%. The ETref significantly decreased by 16%, indicating a positive change in climatic conditions for 
rainfed cropland as the lower the ETref, the better the atmospheric conditions for crops.  

Another explanation of this increased GBWP, both in rainfed as well in irrigated cropland, over the 
period of 2009-2020 could be the ambitious irrigation master plan introduced by the government to 
address the growing food production concerns arising due to climate change, resource distribution, and 
management practices (MWE, 2011).  

 

Figure 4-61: WaPOR results for the mean annual values of Uganda (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 
 

Table 4-60: Overview of trend analysis results for rainfed croplands in Uganda over the period 
2009-2020. 
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Dataset Average 2009-2020 Change over 12-year period * [%] 

GBWP   2.11 kg/m3 +33% Significant (p=0.0020) 

TBP 29.11 t/ha/year +14% Significant (p=0.0335) 

ETref  1,681 mm/year -16% Significant (p=0.0032) 

ETa  1,402 mm/year -18% Significant (p=0.0032) 

ETa/P 1.03  -36% Significant (p=0.0032) 

ETa/ETref  0.84 -8% NS 
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4.33 United Arab Emirates 
United Arab Emirates has a total annual actual renewable water resources of 0,15 billion m3/year. This 
is 16 m3/cap/year and puts the country on the 177th place in the country rankings (FAO Aquastat, 2017). 
This low water availability can be primarily attributed to the climatological constraints of an arid to semi-
arid climate and its low precipitation and high evaporation. The country may receive no rainfall for 
months because of extremely random storm patterns. Annual rainfall ranges between 80-160 mm/year 
and the average precipitation is 78 mm/year (Abdelraouf, 2017). The country scores a 4.26 (on a 0-5 
scale) on water stress. This number indicates the total water withdrawals as a percentage of the total 
annual available water. Higher values indicate more competition among users. All water is coming from 
groundwater sources (FAO Aquastat, 2017). However, the quantity and quality of the groundwater 
resources are being compromised by groundwater extraction at 25 times the rate of recharge, and a 
rise in salinity as the reserves dwindle (Al-Muaini et al., 2019).  

82.8% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). The food sector 
vulnerability to climate change is a 0.35 on a scale of 0-1. Adaptation challenges still exist, but United 
Arab Emirates is well positioned to adapt. United Arab Emirates is the 143rd most vulnerable country 
and the 29th most ready country (ND-GAIN, 2022). 

 Irrigated cropland 

Figure 4-62 and Table 4-61 display the results of this study for irrigated croplands of the United Arab 
Emirates. The GBWP remained almost constant with only a small increasing trend of 2%. However, the 
biomass production decreased with 8% and the actual evapotranspiration decreased with 10%. This 
indicates a lower actual crop production. As the ETa/P decreased with 42%, this indicates a reduction in 
precipitation. The ETref increased (+10%), this indicates that climatic conditions have negatively 
changed for irrigated cropland.  
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Figure 4-62: WaPOR results for the mean annual values of United Arab Emirates (2009-2020) for irrigated 
cropland, with the significant trend indicated. 

 

Table 4-61: Overview of trend analysis results for irrigated croplands in United Arab Emirates 
over the period 2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   1.05 kg/m3 +2% NS 

TBP 6.03 t/ha/year -8% NS 

ETref  2,433 mm/year +10% NS 

ETa  579 mm/year -10% NS 

ETa/P  9.23 -42% NS 

ETa/ETref  0.24 -24% NS 
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4.34 Yemen 
Yemen has only limited rainfall and no shared international rivers, this makes Yemen a water scarce 
country. Yemen has a total annual actual renewable water resources of 2.1 billion m3/year, which Is 74 
m3/cap/year. This puts Yemen on the 173rd place in the country rankings. Furthermore, the country 
scores a 3.97 (on a 0-5 scale) on water stress. This number indicates the total water withdrawals as a 
percentage of the total annual available water. Higher values indicate more competition among users 
(FAO Aquastat, 2017).  

71% of the total freshwater withdrawal is coming from groundwater sources, 29% is coming from 
surface water. 91% of the total water withdrawal goes to the agricultural sector (FAO Aquastat, 2017). 
The food sector vulnerability to climate change is 0.7 on a scale of 0-1. It has both a great need for 
investment and innovations to improve readiness and a great urgency for action. Yemen is the 22nd 
most vulnerable country and the 180th most ready country (ND-GAIN, 2022).  

 Irrigated cropland 

See Figure 4-63 and Table 4-62 for the results of this study for irrigated cropland in Yemen. There has 
been a remarkable change in GBWP in the irrigated areas; Yemen went from the lowest GBWP category 
to the second lowest with a significant increase of 37% from 2009 to 2020. Yemen has the highest GBWP 
increase compared to all other countries in this study.  

This is remarkable since Yemen has been in war and turmoil since 2015. From the GBWP, it appears that 
a higher plateau was reached in 2014. One explanation may be the de-facto abolishment of the diesel 
subsidies in Yemen with the onset of the war. These diesel subsidies incentivized the pumping of 
groundwater.  With actual pumping costs up, GBWP improved. This appears to be more related to the 
more judicious of water leading to increased TBP and less to the curtailing of water deliveries. The 
increase in GBWP resulted from a remarkable significant increase in TBP per land area of 46%. The ETa 
also significantly increased by 19% (Table4-62).  
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Figure 4-63: WaPOR results for the mean annual values of Yemen (2009-2020) for irrigated cropland, with 
the significant trend indicated. 

 

Table 4-62: Overview of trend analysis results for irrigated croplands in Yemen over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.62 kg/m3 +37% Significant (p=0.0032) 

TBP 4.14 t/ha/year +46% Significant (p=0.0112) 

ETref  2,205 mm/year -1% NS 

ETa  616 mm/year +19% Significant (p=0.0467) 

ETa/P 3.07 -56% Significant (p=0.0236) 

ETa/ETref  0.28 -23% NS 

 

 Rainfed cropland  

Rainfed cropland areas in Yemen show similar trends as the irrigated croplands in Yemen. The GBWP 
increased by 33% (Table 4-63). This is mainly because of the significant increase in TBP of 14% and a 
significant decrease in ETa of 18%. The ETref decreased by 16%, which indicates that climatic conditions 
have positively changed for rainfed croplands. Especially in 2020, the ETref dropped compared to 
previous years.  
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Figure 4-64: WaPOR results for the mean annual values of Yemen (2009-2020) for rainfed cropland, with 
the significant trend indicated. 

 
 

Table 4-63: Overview of trend analysis results for rainfed croplands in Yemen over the period 
2009-2020. 

Dataset Average 2009-2020 Change over 12-year period [%] 

GBWP   0.36 kg/m3 +33% NS 

TBP 1.07 t/ha/year +14% Significant (p=0.0236) 

ETref  2,254 mm/year -16% NS 

ETa  282 mm/year -18% Significant (p=0.0049) 

ETa/P  1.21  -36% NS 

ETa/ETref  0.13 -8% Significant (p=0.0032) 
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Annex I – Methodology 

 

Materials 

Datasets from FAO’s portal to monitor Water Productivity through Open Access of Remotely sensed 
derived data (WaPOR url: https://wapor.apps.fao.org/home/WAPOR_2/1) are used as input for the 
study. These datasets are spatially and temporally explicit and available from 2009 to present (FAO, 
2020). The data is presented in three different scales: continental scale (Level 1 at 250m), country scale 
(Level 2 at 100m) and project scale (Level 3 at 30m). In this study datasets in the continental scale (Level 
1) are used, as these datasets are available for the full extent of Africa and the MENA region. 

The datasets that are used as input are the land cover classification (LCC), actual evapotranspiration and 
interception (ETa), net primary production (NPP), reference evapotranspiration (ETref), precipitation (P), 
and the quality layers for the NDVI data and for the land surface temperature, which are both input data 
for the datasets provided by WaPOR. The LCC and P datasets are at an annual time scale and the other 
datasets are at a decadal (10-day) timescale. The annual precipitation data from WaPOR was used, 
instead of data directly from CHIRPS. The CHIRPS dataset provides no data for, among others, the Jordan 
valley. In the precipitation data from WaPOR, those gaps have been filled by interpolation (FAO, 2020). 
An overview of the input datasets from WaPOR with spatial and temporal resolutions are provided in 
Table I-1.  

All calculations were performed at country extent, based on the country borders as defined in the Large-
Scale International Boundary (LSIB) dataset, provided by the United States Office of the Geographer 
(United States Department of State, 2017).  

The calculations at pixel level were performed with use of Google Earth Engine. Python was used for the 
calculations at country level, where the pyMannKendall package was used for the Mann-Kendal trend 
analysis (Hussain et al., 2019). 

Table I-1 Overview of input datasets from WaPOR  

 
WaPOR data Abbreviation Spatial 

resolution 
Temporal 
resolution 

Unit 

Land cover classification LCC 250 m Annual - 

Actual Evapotranspiration 
and interception ETa 250 m Decadal mm/d 

Net Primary Production NPP 250 m Decadal gC/m2/d 

Reference Evapotranspiration ETref 20 km Decadal mm/d 

Precipitation P 5 km Annual  mm/year 

NDVI quality (decadal) 
– length data gap NDVI_Q_D 250 m Decadal Decades since last 

valid observation 

Land Surface Temperature 
quality  
– length data gap 

LST_Q_D 1 km Decadal Days since last 
valid observation 

https://wapor.apps.fao.org/home/WAPOR_2/1
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Method 

The methodology consists of several steps, see Figure I-1. First, the selection of the pixels used in the 
analysis is made. Second, the annual ETa, ETref, TBP and precipitation are calculated for each year. With 
those results the GBWP, ETa/ETref and ETa/ETref. Thirdly, the country average annual values are 
determined. The last steps are performed at pixel level and at country level. Fourth, the 12-year average 
values for the indicators are determined. Fifth, the trends are determined with the Mann-Kendall test 
and their slope with use of Sen’s Slope method (Sen, 1968). Finally, the percentage change over the 12-
year period is calculated. 

 

 

Figure I-1: Flow chart for calculating the country indicators and percentage change.  
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Area selection 

The area selection is based on the WaPOR land cover classification (LCC) layer. No additional maps, field 
data, or other sources have been used for the selection of irrigated cropland and rainfed cropland, as 
no other consistent data source was found to provide the differentiation between rainfed and irrigated 
cropland for the complete WaPOR extent. It should be noted that in the LCC layer of WaPOR, the areas 
classified as cropland are based on the Copernicus Global Land Service 100m of 2015 (FAO, 2020). The 
differentiation between the three cropland classes, cropland fallow, cropland rainfed and cropland 
irrigated, was derived from combining different remote sensing data, and is therefore changing for each 
year. For more details, please refer to the WaPOR Database Methodology (FAO, 2020).  

Through the area selection, a mask layer was created with the pixels to be included in the analysis. This 
was based on the LCC in WaPOR and the data quality of the LST data and NDVI data.  

An initial cropland pixel selection for a country was made based on the LCC, including only pixels that 
were for all year classified as either rainfed (class 41) or irrigated (class 42). This first selection of pixels 
was further filtered on data quality, followed by a final selection of the rainfed croplands and the 
irrigated croplands.  

The filter on data quality was done in three steps: filtering based on the spatial resolution of the LST 
input data, on the LST data quality, and on the NDVI data quality. The difference in spatial resolution 
between the LST input data and the WaPOR data might have influence on the data quality in areas 
where a large variation in surface temperature occurs within one LST pixel, such as irrigation in arid 
areas, as follows from case studies in Egypt (Bremer, 2020). To limit the effect of the spatial resolution 
difference between the LST input data and the WaPOR data, a mask was created to filter the pixels 
where the input LST pixel covered less than 12 cropland pixels, see Figure I-2. 

 

Figure I-2: Pixel selection based on the cropland pixels in a land surface temperature (LST) pixels. a) shows 
the pixels identified as (rainfed or irrigated) cropland in the WaPOR dataset, with a resolution of 250m. b) 
shows the extend of the LST pixels, which has a resolution of 1000m. c) shows a map with the number of 

cropland pixels within each LST pixel, a LST pixel with only 1 cropland pixel has a value of 1, and a red 
colour. If an LST pixel is completely filled with cropland pixels, the value is 16 and blue coloured. From this 
map, all pixels with a value below 12 are discarded. The resulting image is then resampled and masked to 

only include WaPOR cropland pixels, with d) as result. 

 

The data quality was evaluated by assessing the occurrence and length of data gaps in the LST data and 
NDVI data. Pixels with more than 4 data gaps exceeding 10 decades (approximately 100 days) in the 
NDVI data, and pixels with more than 4 data gaps exceeding a duration of 30 days in the LST data were 
discarded, see Figure I-3. 
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Figure I-3: Overview of discarded cropland pixels based on the data quality of a) the dekadal NDVI data, 
and b) the daily LST data. 

 

From the selection of cropland pixels that meet the quality requirements, the selection of rainfed and 
irrigated areas was made. The rainfed selection consists of the pixels that were for all years classified in 
the LCC as rainfed cropland (class 41). The irrigated selection consists of the pixels that were for all years 
classified in the LCC as irrigated cropland (class 42). 

Calculate seasonal values and indicators 

With the WaPOR datasets, the following indicators are determined and analysed: The actual 
evapotranspiration and interception (ETa), the total biomass production (TBP), the reference 
evapotranspiration (ETref), the gross biomass water productivity (GBWP), the ratio ETa/ETref and the 
ETa/P.  

The data is analysed per year, from January 1st – December 31st. The annual values for ETa, ETref and 
TBP are the sum of the total decadal values. The total decadal values are determined by multiplying the 
average daily value in a decade by the duration of the decade in days, see 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 =∑ XdayEOS

SOS *di 

Equation I-1. 

 

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = � 𝑿𝑿𝒅𝒅𝑺𝑺𝒅𝒅
𝑬𝑬𝑬𝑬𝑺𝑺

𝑺𝑺𝑬𝑬𝑺𝑺
∗ 𝒅𝒅𝒊𝒊 

Equation I-1 

 

The TBP is calculated from the NPP in the same method as described in the methodology of WaPORv2 
(FAO, 2020), see Equation I-2. It is assumed that all vegetation consists of C3 crops4. 

 

                                                      
4 For the countries analysed it is assumed that C3 crops prevail, ie. the hotter and dryer climates. Note that equation 
I-2 would need to add a multiplication factor of 1.8 (Villalobos & Fereres, 2016) to determine TBP for C4 crops. 
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𝑻𝑻𝑻𝑻𝑻𝑻 = 𝑵𝑵𝑻𝑻𝑻𝑻𝑺𝑺 ∗ 𝟐𝟐𝟐𝟐.𝟐𝟐𝟐𝟐𝟐𝟐 

Equation I-2 

 

From the annual ETa, ETref, TBP, and precipitation the other three indicators can be determined. 

The GBWP is the ration of the TBP per water consumed, expressed in kg biomass per m3 of water 
consumed (Equation I-3). 

 𝑮𝑮𝑻𝑻𝑮𝑮𝑻𝑻 =
𝑻𝑻𝑻𝑻𝑻𝑻
𝑬𝑬𝑻𝑻𝑺𝑺

 

Equation I-3 

 

The ratio ETa/ETref is determined by dividing the annual ETa of a given year by the annual ETref in that 
same year. This ratio indicates how the ETa relates to the atmospheric demand. This ratio is calculated 
from the annual values of each year.  

The ratio ETa/P is the ratio between the annual ETa, and the annual precipitation for each year. This is 
especially of interest for the rainfed agriculture. 

Calculating country values 

The indicators are first determined at a pixel level. For each country, the annual values are obtained by 
taking the mean of the pixel values within the country of interest. With these country mean annual 
values, the 12-year average value is determined, as well as the percentage change and the significance 
of the change. 

Trends, Mann-Kendall, Sen’s slope 

To detect the presence of a significant trend, the non-parametric Mann-Kendall test was applied with a 
significance threshold of .05 (Hussain et al., 2019). The magnitude of the trend was predicted by the 
Sen’s Slope estimator (Sen, 1968). The trend analysis was applied on two spatial scales: at a pixel level, 
and on the county average level. 

The percentage change (Δ%) was determined as described by Yue and Hashino (2003) and used by 
Basistha et al. (2009).  

 

𝒑𝒑𝑺𝑺𝒑𝒑𝒑𝒑𝑺𝑺𝑺𝑺𝒑𝒑𝑺𝑺𝒑𝒑𝑺𝑺 𝒑𝒑𝒄𝒄𝑺𝑺𝑺𝑺𝒑𝒑𝑺𝑺 =  𝑴𝑴𝑺𝑺𝒅𝒅𝒊𝒊𝑺𝑺𝑺𝑺 𝑺𝑺𝑺𝑺𝑺𝑺𝒑𝒑𝑺𝑺 ∗  𝑺𝑺𝑺𝑺𝑺𝑺𝒑𝒑𝒑𝒑𝒄𝒄 𝒑𝒑𝑺𝑺𝒑𝒑𝒊𝒊𝑺𝑺𝒅𝒅 / 𝒎𝒎𝑺𝑺𝑺𝑺𝑺𝑺 ∗  𝟏𝟏𝟏𝟏𝟏𝟏% 

 

∆% =
∑�

�𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑘𝑘�
𝑗𝑗 − 𝑘𝑘 � ∗ 𝐿𝐿

�̅�𝑥
∗ 100 

Equation I-4 

where xj and xk are data values at times j and k (j > k), respectively, �̅�𝑥 is the mean of the parameter and 
L is the full length of the period  

In this report, a differentiation is made between changes that were found to be significant and changes 
that did not meet the significance threshold of 0.05. Even if a change is not found to be significant, it 
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can still be of interest for the broader picture. Therefore, of each map and table with changes, it is also 
indicated whether this was found to be significant (a trend) or a tenancy.  

 

Limitations and considerations 

Selection irrigated and rainfed croplands 

One limitation is that only areas that have been identified as cropland for the period 2009-2020 are 
considered, and only the areas that are fully irrigated or fully rainfed over the whole period contribute 
to respectively the irrigated and rainfed results. Therefore, no analysis on newly developed areas is 
included in the current set-up as this is mainly important for studies on this expansion of cropland areas 
and not this this study.  

Besides that, the pixels that were selected as rainfed area and as irrigated area have not been manually 
adjusted, corrected with other land cover classification data, or validated with ground truth. Therefore, 
it is possible that pixels are miss classified. 

Another point to keep in mind when observing the data is that no seasonality is considered. All 
indicators are calculated for a calendar year, and also present the values observed outside of the 
cropping season. This will, for example, have influence on the TBP in cases where vegetation is growing 
outside the cropping season. 

Finally, the TBP is the sum of the total dry matter produced in a year. For this, a general light use 
efficiency factor for C3 crops is applied. No differentiation was made between C3 and C4 crops. This will 
largely influence the TBP and GBWP results when C4 crops are cultivated.  
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Annex II – Tables on selected areas 

Table II-1: Overview of number of pixels initially classified as irrigated by WaPOR for all years in the 
period 2009-2020, the pixels after the first filter based on the LST-pixel extent, and the final pixels used 

for the irrigated areas in this analysis. 
 

Country Initial pixels 
irrigated areas 

Pixels irrigated 
areas after LST-
extent filter 

Final pixels 
irrigated 
areas 

Final pixels as 
percentage of 
initial irrigated 
pixels 

Final irrigated 
area used in 
analysis (ha) 

Algeria 12,639 6,548 6,527 52 % 40,794 
Bahrain 153 0 0 - 0 
Benin 1,159 653 454 39 % 2,838 
Burkina Faso 4,300 1,996 1,747 41% 10,919 
Cameroon 4,307 2,713 2,613 61% 16,331 
Chad 11,321 3,173 3,118 28% 19,488 
Comoros 0 0 0 - 0 
Côte D’Ivoire 1,572 152 23* 1% * 0 
Djibouti 39 0 0 - 0 
Egypt 648,566 562,535 562,116 87% 3,513,225 
Gabon 0 0 0 - 0 
Gambia 924 448 424 46% 2,650 
Guinea 217 133 57 26% 356 
Guinea-Bissau 27 2 1* 4% * 0 
Iran 870,194 692,323 691,274 79% 4,320,463 
Iraq 429,590 348,376 346,145 81% 2,163,406 
Jordan 3,815 2,289 2,262 59% 14,138 
Kuwait 524 262 262 50% 1,638 
Lebanon 5,653 4,472 4,471 79% 27,944 
Libya 8,801 3,270 3,270 37% 20,438 
Mali 118,927 71,600 71,506 60% 446,913 
Mauritania 12,618 5,415 5,413 43% 33,831 
Morocco 70,259 45,556 45,531 65% 284,569 
Mozambique 135,846 74,346 74,346 55% 464,663 
Niger 21,933 8,995 8,823 40% 55,144 
Nigeria 56,040 40,535 37,633 67% 235,206 
Oman 9,891 3,374 3,307 33% 20,669 
Palestine 917 532 532 58% 3,325 
Qatar 805 211 210 26% 1,313 
Saudi Arabia 189,868 99,599 99,585 52% 622,406 
Senegal 17,057 8,788 8,770 51% 54,813 
Sierra Leone 39 5 3* 8% * 0 
Somalia 66,695 45,126 45,008 67% 281,300 
Sudan 425,801 362,910 362,358 85% 2,264,738 
Syria 88,293 74,816 74,659 85% 466,619 
Togo 5,470 4,804 418 8% 2,613 
Tunisia 12,415 7,815 7,783 63% 48,644 
Uganda 8,290 4,358 4,351 52% 27,194 
United Arab Emirates 2,104 264 264 13% 1,650 
Yemen 135,891 77,810 77,809 57% 486,306 
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Table II-2: Overview of number of pixels initially classified as rainfed by WaPOR for all years in the period 
2009-2020, the pixels after the first filter based on the LST-pixel extent, and the final pixels used for the 

rainfed areas in this analysis. 

 

Country Initial pixels 
rainfed areas 

Pixels rainfed 
areas after LST-
extent filter 

Final pixels 
rainfed areas 

Final pixels  
as percentage of 
initial rainfed 
pixels 

Final rainfed area as 
used in analysis 
(ha) 

Algeria 737,608 520,751 520,662 71% 3,254,138 
Bahrain 0 0 0 - 0 
Benin 543,633 371,761 112,173 21% 701,081 
Burkina Faso 1,427,986 871,603 545,347 38% 3,408,419 
Cameroon 435,309 297,036 264,674 61% 1,654,213 
Chad 792,003 533,158 450,472 57% 2,815,450 
Comoros 48 0 0 - 0 
Côte D’Ivoire 128,851 42,826 15,064 12% 94,150 
Djibouti 0 0 0 - 0 
Egypt 362 181 181 50% 1,131 
Gabon 656 79 0 - 0 
Gambia 73,211 52,072 23,169 32% 144,806 
Guinea 84,981 29,319 23,552 28% 147,200 
Guinea-Bissau 23,798 6,406 4,744 20% 29,650 
Iran 604,639 314,913 314,294 52% 1,964,338 
Iraq 321,795 220,031 219,975 68% 1,374,844 
Jordan 13,561 7,104 7,087 52% 44,294 
Kuwait 0 0 0 - 0 
Lebanon 16,793 8,114 8,114 48% 50,713 
Libya 101,100 66,557 66,528 66% 415,800 
Mali 1,211,878 660,016 606,974 50% 3,793,588 
Mauritania 8,431 2,059 2,043 24% 12,769 
Morocco 988,090 775,718 775,570 78% 4,847,313 
Mozambique 463,446 200,077 200,046 43% 1,250,288 
Niger 1,404,573 1,172,303 972,188 69% 6,076,175 
Nigeria 6,357,119 5,115,951 2,663,089 42% 16,644,306 
Oman 19 0 0 - 0 
Palestine 12,836 5,848 5,844 46% 36,525 
Qatar 4 0 0 - 0 
Saudi Arabia 1,179 127 127 11% 794 
Senegal 605,189 463,632 165,063 27% 1,031,644 
Sierra Leone 11,012 4,088 127* 1% * 0 
Somalia 37,443 25,594 25,176 67% 157,350 
Sudan 2,398,266 1,938,478 1,902,817 79% 11,892,606 
Syria 278,089 220,506 220,479 79% 1,377,994 
Togo 264,426 193,815 23,122 9% 144,513 
Tunisia 254,698 183,450 183,206 72% 1,145,038 
Uganda 1,021,180 825,738 824,514 81% 5,153,213 
United Arab Emirates 0 0 0 - 0 
Yemen 2,981 640 640 21% 4,000 
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Table II-3: The annual mean over the period 2009-2020, percentage change and significance for irrigated areas 

Country GBWP ETa TBP ETref ETa/ETref ETa/P 
Mean Change Mean Change Mean Change Mean Change Mean Change Mean Change 

Algeria 1.74 -11%         ↓ 738 16%         ↑ 12.2 10% 1,675 6% 0.46 9% 2.83 54%        ↑ 
Benin 0.53 -57% 1,360 9% 7.3 -35% 2,428 7% 0.56 2% 1.71 -9% 
Burkina Faso 0.73 -42% 1,345 15% 9.9 -27% 2,489 5% 0.55 9% 1.75 10% 
Cameroon 0.64 -31% 1,310 10%         ↑ 8.3 -25% 2,564 1% 0.51 6% 1.77 -21% 
Chad 0.59 -24% 1,366 13%         ↑ 8.1 -7% 2,777 4% 0.50 16% 2.87 -21% 
Egypt 1.35 -5% 1,346 8%          ↑ 17.8 5% 2,270 2% 0.60 7%         ↑ 628.64 20% 
Gambia 0.76 -61%         ↓ 1,295 23%        ↑ 9.6 -33%         ↓ 2,503 12% 0.52 10% 1.87 16% 
Guinea 0.93 -27%        ↓ 1,206 8% 11.3 -23%         ↓ 2,058 5% 0.59 3% 0.94 13% 
Iran 1.43 7% 658 23%         ↑ 9.2 22%          ↑ 1,672 -2% 0.42 16%        ↑ 2.38 14% 
Iraq 0.87 23%         ↑ 709 35%         ↑ 5.7 58%          ↑ 2,561 3% 0.28 32%        ↑ 5.33 5% 
Jordan 1.39 -22% 559 36%         ↑ 7.7 19% 1,894 -4% 0.30 43%        ↑ 3.60 51% 
Kuwait 0.98 -7% 1,025 13%          ↑ 9.9 8% 2,865 9%        ↑ 0.36 6% 13.48 -20% 
Lebanon 1.68 17% 871 -13% 14.5 2% 1,451 -9% 0.60 -1% 1.52 -3% 
Libya 1.82 12% 465 -1% 8.2 12% 2,290 3% 0.22 3% 59.33 -10% 
Mali 0.52 -42% 1,167 18% 6.1 -29% 2,809 6% 0.42 13% 2.74 15% 
Mauritania 0.56 -42%         ↓ 894 34%          ↑ 5.0 0% 2,943 9%        ↑ 0.30 25%        ↑ 3.91 82%        ↑ 
Morocco 2.11 -6% 730 9% 15.0 7% 1,723 9%        ↑ 0.43 2% 2.57 53%        ↑ 
Mozambique 1.58 5% 1,121 -3% 17.7 5% 1,914 3% 0.59 -6% 1.74 -9% 
Niger 0.48 -11% 941 23%          ↑ 4.6 8% 2,849 -3% 0.34 22%        ↑ 2.98 11% 
Nigeria 0.62 -23% 1,189 18% 7.5 -7% 2,614 -1% 0.46 17% 2.29 -3% 
Oman 0.82 12% 659 1% 5.6 16% 2,238 4% 0.30 -1% 7.45 -19% 
Palestine 1.60 6% 575 21%           ↑ 9.3 23%         ↑ 1,722 -1% 0.34 24%        ↑ 1.92 13% 
Qatar 0.80 1% 1,028 17% 8.3 19% 2,674 9%         ↑ 0.38 8% 9.80 14% 
Saudi Arabia 0.95 1% 823 11% 8.5 -6% 2,527 -2%        ↓ 0.33 13% 9.37 -54% 
Senegal 0.60 -42%         ↓ 1,034 34%          ↑ 6.2 -6% 2,879 11%         ↑ 0.36 23%        ↑ 4.56 90%        ↑ 
Somalia 1.16 2% 895 14% 10.6 11% 2,433 4% 0.37 6% 2.73 54%        ↑ 
Sudan 0.50 18% 985 23%          ↑ 5.1 34%        ↑ 3,051 -3% 0.32 26%        ↑ 6.92 -25% 
Syria 1.37 3% 630 -15% 8.4 -22% 1,943 3% 0.33 -17% 3.19 -28% 
Togo 1.55 -38%         ↓ 1,312 7% 20.3 -27%         ↓ 1,652 11%        ↑ 0.80 -3% 1.38 17% 
Tunisia 1.73 -10% 725 24%          ↑ 12.4 19%        ↑ 1,647 11%        ↑ 0.45 9% 2.02 39%        ↑ 
Uganda 1.87 19% 1,535 -8%           ↓ 28.4 10% 1,710 -6%        ↓ 0.91 1% 1.52 -19% 
United Arab Emirates 1.05 2% 579 -10% 6.0 -8% 2,433 10% 0.24 -24% 9.23 -42% 
Yemen 0.62 37%          ↑ 616 19%         ↑ 4.1 46%        ↑ 2,205 -1% 0.28 23% 3.07 -56%       ↓ 
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Table II-4: The annual mean over the period 2009-2020, percentage change and significance for rainfed areas.  

Country GBWP ETa TBP ETref ETa/ETref ETa/P 
Mean Change Mean Change Mean Change Mean Change Mean Change Mean Change 

Algeria 2.02 -14%        ↓ 401 8% 8.0 -3% 1,536 10% 0.27 -2% 0.83 54%        ↑ 
Benin 0.89 -50% 1,116 6% 9.9 -43% 2,261 9% 0.50 -6% 1.08 -5% 
Burkina Faso 0.80 -50% 888 8% 7.1 -41%        ↓ 2,401 5% 0.37 1% 1.02 -1% 
Cameroon 1.07 -18% 988 4% 10.8 -18% 2,302 -2% 0.45 6% 1.06 -21% 
Chad 0.92 -31% 973 7% 9.1 -23% 2,377 5% 0.42 -4% 1.06 -7% 
Côte D’Ivoire 1.11 -32%        ↓ 1,298 -3% 14.4 -31%        ↓ 2,024 2% 0.64 -3% 1.09 -6% 
Egypt 2.02 45%         ↑ 318 -28% 6.3 14% 1,630 -4% 0.20 -25% 1.47 -75%       ↓ 
Gambia 0.94 -65%        ↓ 868 9%         ↑ 8.1 -47%        ↓ 2,465 13%        ↑ 0.35 2% 1.18 16% 
Guinea 1.20 -34%        ↓ 1,117 5% 13.4 -27%        ↓ 2,015 3% 0.56 3% 0.85 7% 
Guinea-Bissau 1.05 -57%        ↓ 1,064 12%        ↑ 11.4 -43%        ↓ 1,975 16%        ↑ 0.54 0% 0.67 22% 
Iran 1.72 1% 313 31% 5.3 35% 1,504 -8% 0.22 36% 0.75 17% 
Iraq 1.54 12%↑ 348 81%        ↑ 5.4 70%         ↑ 1,762 -8% 0.20 81%        ↑ 0.63 31% 
Jordan 1.54 25%          346 25% 5.3 31% 1,880 -3% 0.19 20% 1.16 7% 
Lebanon 1.77 4% 595 -2% 10.5 7% 1,432 -4% 0.42 5% 0.90 3% 
Libya 1.94 5% 318 17% 6.2 25% 1,792 9% 0.18 17% 0.93 -12% 
Mali 0.81 -48% 822 6% 6.9 -36%        ↓ 2,468 7% 0.34 -1% 1.00 8% 
Mauritania 0.54 -78% 477 34%        ↑ 2.7 -41%        ↓ 2,881 5% 0.17 24% 1.22 27% 
Morocco 2.48 0% 371 -9% 9.1 -10% 1,666 13%        ↑ 0.23 -19% 0.91 41% 
Mozambique 2.11 2% 997 -6% 20.6 -4% 1,694 -3% 0.59 3% 0.90 -1% 
Niger 0.42 -20% 453 22%        ↑ 1.9 1% 2,814 -2% 0.16 20%        ↑ 1.13 2% 
Nigeria 0.89 -6% 824 5% 7.6 -9% 2,376 -3% 0.35 7% 0.99 -18% 
Palestine 1.64 6% 425 29%        ↑ 7.0 30%        ↑ 1,713 0% 0.25 29%        ↑ 1.15 3% 
Saudi Arabia 0.21 63%         ↑ 240 37%        ↑ 0.5 117%        ↑ 2,469 -5% 0.10 46%        ↑ 1.19 -8% 
Senegal 0.81 -72%        ↓ 556 8% 4.7 -59%       ↓ 2,621 14%        ↑ 0.22 -4% 1.00 31% 
Somalia 1.14 24% 443 18% 5.0 35% 2,383 -9% 0.19 29% 1.01 3% 
Sudan 0.63 19% 593 29%        ↑ 4.0 43% 2,718 -1% 0.22 22%        ↑ 1.16 5% 
Syria 1.96 -3% 358 8% 7.0 11% 1,695 2% 0.21 6% 0.80 12% 
Togo 1.09 -52%        ↓ 1,086 12% 12.0 -42%       ↓ 1,975 13% 0.57 -2% 0.97 17% 
Tunisia 2.02 -18%        ↓ 433 21%        ↑ 8.7 11% 1,546 12%        ↑ 0.28 10% 0.85 48%        ↑ 
Uganda 2.11 33%         ↑ 1,402 -18%       ↓ 29.1 14%         ↑ 1,681 -16%       ↓ 0.84 -4% 1.03 -36%      ↓ 
Yemen 0.36 46% 282 56%        ↑ 1.1 80%        ↑ 2,254 0% 0.13 60%       ↑ 1.21 -6% 
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Annex III – Spatial variation maps 

Besides the overall country analysis (Chapter 3), for any country a pixel-based analysis can be made to 
include gross biomass water productivity, total biomass production, actual evapotranspiration and 
interception, and the reference evapotranspiration. This annex includes this analysis for Sudan. This is 
presented in 2 maps and a histogram next to it. Figure III – 1 shows in more detail what is shown in the 
maps. 
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Figure III-1: Explanation of the maps and graphs with the results of the pixel-based analysis. 

 

  

Map with the mean annual values. 

Map with the percentage change 
over the period 2009-2020 of the 
areas with a significant trend. 

The histogram shows the distribution of 
the data. The values on the vertical axis are 
aligned with the legend of the map.  
The count of pixels with that value are 
shown on the horizontal axis. 

Data shown in the maps 

Pixels that do not have 
a significant change are 
shown in white on the 

  

 

The dark area shows 
the distribution of the 
pixels with a significant 
trend, as shown in the 
map. 
The lighter area shows 
the distribution of the 
percentage change of 
all pixels, regardless of 

   

Count of pixels with a 
change of more than 

  



 148 

Pixel-based analysis Sudan 

 Maps of the irrigated areas in Sudan 
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*  Percentage change: the (Sens) slope of the trendline per year multiplied by the period of 12 years and divided by the mean * 100% 
The trends were tested against a significance threshold of .05 using the Mann-Kendall test.  
The total biomass production was calculated assuming only C3 crops. 

Figure III-2: Overview of spatial variation of the areas identified as irrigated areas in Sudan, showing the 
mean annual values and changes over the period 2009-2020 as percentage of the mean for GBWP, TBP, 

ETa and ETref. 
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 Maps of the rainfed areas in Sudan 

Gr
os

s b
io

m
as

s 
w

at
er

 
pr

od
uc

tiv
ity

 (k
g/

m
3 /y

ea
r) 

  

To
ta

l B
io

m
as

s P
ro

du
ct

io
n 

 
(t/

ha
/y

ea
r) 

  

Ac
tu

al
 e

va
po

tra
ns

pi
ra

tio
n 

 
an

d 
in

te
rc

ep
tio

n 
(m

m
/y

ea
r) 

 

 

Re
fe

re
nc

e 
Ev

ap
ot

ra
ns

pi
ra

tio
n 

 
(m

m
/y

ea
r) 

  
*  Percentage change: the (Sens) slope of the trendline per year multiplied by the period of 12 years and divided by the mean * 100% 
The trends were tested against a significance threshold of .05 using the Mann-Kendall test.  
The total biomass production was calculated assuming only C3 crops. 

 
Figure III-3: Overview of spatial variation of the areas identified as rainfed irrigation in Sudan, showing the 

mean annual values and changes over the period 2009-2020 as percentage of the mean for GBWP, TBP, 
ETa and ETref. 
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