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EXECUTIVE SUMMARY
We present a baseline model for mapping water risks
across Ethiopia. Despite being a “water tower of Africa,”
growing water demands and climate change could undermine Ethiopia’s development goals. The objective of this
effort is to help decision-makers incorporate water and
water-related climate risk information into development
decisions across sectors, and to illuminate water resources
management challenges. This technical note describes the
data and methods used to develop the baseline water risk
model and presents the results. We developed new water
withdrawal and consumption estimates for irrigation,
livestock, domestic, and industrial water use, representing a 2015 baseline. Water withdrawal estimates were
combined with satellite-based renewable water resources
data to yield four water risk indicators: baseline water
stress, months of water scarcity, seasonal variability, and
interannual variability. We propose that this model could
be used in scenario analysis for development planning
by providing a baseline from which sectoral water withdrawal projections and climate change scenarios for water
resources can be developed. Additionally, we propose that
this model could be used for national monitoring of water
risks. This model should be applied with due consideration of its methodological limitations, such as the exclusion of water storage and conveyance infrastructure.
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1. INTRODUCTION

2. WATER USE MODELING

Water is essential to sustainable economic growth and
climate change adaptation. Ethiopia’s growth and development are vulnerable to water security risks, despite the
country being known as a “water tower of Africa” (UNEP
2010). Ethiopia is naturally exposed to highly variable
rainfall, which has a strong correlation to GDP (World
Bank 2006), and climate change is exacerbating this
challenge (Zerga and Gebeyehu 2016). Economic growth
across sectors can also lead to growing, and competing,
water demands. Recognizing these challenges, Ethiopia’s
Climate Resilient Green Economy (CRGE) Strategy for
Water and Energy calls for balancing water demands
and improving climate resilience as national priorities
(FDRE 2015).

We modeled baseline water withdrawal and consumption
for irrigation, livestock, domestic, and industry sectors
(Figure 1). Because this water risk modeling is intended
for use in national planning and monitoring efforts, we
sought to use data with national coverage and consistency.
For irrigation, livestock, domestic, and industry sectors,
water withdrawal estimates with sufficient spatial granularity were not available. Thus, we modeled water withdrawal for these sectors using other available sector data,
collected from several Ethiopian governmental ministries
and nongovernmental sources at national, regional, zonal,
and woreda (district) levels. Data were selected based on
representativeness of 2015 baseline, national coverage and
consistency, spatial granularity, and potential for forecasting and monitoring. The process and methods for estimating water withdrawal by sector are summarized in Figure
2. The final water use datasets were then aggregated to
hydrological boundary (subbasin) to match the relevant
spatial water resources data to analyze and map baseline
water risk.

Managing water risks requires decision-relevant water
risk information. Water managers need to understand
hydrological cycles and water use across society to ensure
secure and sustainable water use across sectors. Decisionmakers in other sectors also need to understand their
exposure to water risks to reduce their vulnerability
to these risks. However, the data required to understand water risks are often lacking or outdated, and the
modeling required to assess risks can be complex and
resource-intensive.
This technical note describes the data and methods
used to develop a baseline water risk model for Ethiopia
at a subbasin level. The model has national coverage to
provide relevant information for countrywide research
and policymaking efforts. We developed new geospatially
explicit water withdrawal and consumption estimates for
irrigation, livestock, domestic, and industry water use in
Ethiopia, representing a 2015 baseline. These estimates
were developed from a wide range of sources described in
this technical note. We also extracted 36 years of historical Land Data Assimilation System (LDAS) data to generate subbasin-level renewable water resources estimates;
these data represent surface runoff, shallow groundwater,
soil moisture, and baseflow contribution. The indicators constructed through this model—baseline water
stress, months of water scarcity, seasonal variability, and
interannual variability—are intended to provide valuable
insight for decision-makers both inside and outside the
water sector.
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2.1 IRRIGATION WATER WITHDRAWAL
In Ethiopia, agricultural development is considered a priority by the government for stimulating overall economic
growth, reducing poverty, and increasing food security.
The agricultural sector of Ethiopia accounts for about 40
percent of GDP and between 80 to 85 percent of employment (Admassie et al. 2016). Within agriculture, irrigation
is considered a viable strategy for reducing vulnerability
to inadequate rainfall, alleviating poverty, and increasing
food security. Most farmers, however, have historically
relied on and continue to depend on rainfed agriculture.
While modern irrigation was introduced to Ethiopia in the
1950s, irrigation schemes such as spate and other practices have been in use in the country for centuries (Haile
and Kassa 2015).
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Figure 1 | Sectoral Water Withdrawal at a Subbasin Level per Square Kilometers (m3/km2)
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Figure 2 | General Workflow for Sectoral Water Withdrawal Estimation and Disaggregation Framework for Ethiopia by Subbasin
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dataset (IFPRI 2005)
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Output: Livestock water withdrawal
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precipitation (CHCUCSB 2019),
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Heibloem 1986)
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distribute using
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Source: WRI.

As of 2015, estimates of irrigated area vary from 1.2 million hectares (ha) (Food and Agriculture Organization
of the United Nations [FAO WaPOR] 2019), 1.3 million
ha (Chandrasekharan et al. 2018 [IWMI]) to 2.9 million
ha (FDRE, Ministry of Agriculture [MoA] 2018). The
discrepancy between these estimates arises largely from
challenges in estimating small-scale (< 200 ha) irrigation.
Medium- (200 to 3,000 ha) and large-scale (> 3,000 ha)
irrigation areas are estimated at approximately 450,000
ha, accounting for only 15 to 35 percent of total irrigated
land (FDRE, MoWIE 2018).
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The government of Ethiopia has set targets to progressively optimize the use of its irrigation potential by
activating irrigation in existing productive lands in the
lowlands and transforming rainfed agriculture, which
covers approximately 20 million ha (Chandrasekharan
et al. 2018 (IWMI)/FAO WaPOR 2019) in the country,
with supplemental irrigation practices. For instance, the
Growth and Transformation Plan (GTP II), which has
served as a guiding framework for sectoral economic
development for the 2015 to 2020 period, has targeted a
45 percent increase in irrigated area across the country as
a path to sustainable development. Similarly, the forthcoming 10-year economic development plan of Ethiopia
that will extend from 2020 to 2030 emphasizes further
irrigation development.
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To achieve the social and economic development targets
of irrigation expansion, it is critical to estimate existing
and future irrigation water withdrawals. Our method for
estimating irrigation water withdrawal is described below.
The datasets we used to construct the irrigation water
withdrawal estimate are listed in Table 1 and Figure 2.

2.1.3 CALCULATION
Irrigation water withdrawal was calculated by subtracting effective rainfall from actual evapotranspiration for
irrigated areas at a monthly time step, and accounting for
efficiency of water application.

2.1.1 DESCRIPTION

Irrigation water withdrawal=(AET–EP) x (EI)

Irrigation water withdrawal is the total amount of
water extracted for either primary or supplemental
irrigation purposes.

2.1.2 DATA SOURCES
(See Table 1)

where AET and EP are actual evapotranspiration, effective precipitation in m3, and irrigation water inefficiency
(percent), respectively. Irrigation withdrawal estimates
were then aggregated from 250 meters (m) resolution to
the subbasin level to match hydrological boundaries as an
intermediate step to derive the final water risk map. Each
of these parameters will be discussed in more detail in the
following sections.

Table 1 | Data Sources, Links, Spatial and Temporal Resolutions, and Data Types Used for Irrigation Water Withdrawal Estimates

VARIABLE

SOURCE /LINK

YEAR

SPATIAL/ TEMPORAL
RESOLUTIONS

TYPE OF DATA

Irrigated Areas (IA)

IWMI a

2015

20 m; annual

Raster

2015

250 m; annual

Raster

2015

500 m; 8 days

Raster

2015

250 m; 10 days

Raster

2015

0.050 (around 4,000m);
daily

Raster

2015

Global; Once

Tabular

2017

Basin; Once

Tabular

Chandrasekharan et al. 2018. (Unpublished data)
FAO
https://wapor.apps.fao.org/catalog/WAPOR_2/1/L1_LCC_A
Actual
Evapotranspiration
(AET)

MODIS a
MOD16A2: MODIS/Terra Net Evapotranspiration 8-Day L4 Global
500 m SIN Grid V006.
FAO
https://wapor.apps.fao.org/catalog/WAPOR_2/1/L1_AETI_D

Precipitation (P)

CHIRPSv2
https://www.chc.ucsb.edu/data/chirps

Effective Rainfall (ER)

FAO

Inefficiency (EI)

Mekonen et al. 2015
Awash Basin Water Allocation Strategic Plan (Awash Basin Authority)

http://www.fao.org/3/s2022e/s2022e03.htm

https://www.cmpethiopia.org/media/water_allocation_strategic_
plan_june_2017/(language)/eng-GB
Note: a. The water stress generated using this dataset is used for comparison, but the maps are not displayed in this technical note.
Source: WRI.
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2.1.3.1 IRRIGATED LAND COVERAGE (AREA)

Because there are varying estimates of irrigation coverage
in Ethiopia, we used two separate irrigation distribution
datasets to estimate irrigation water withdrawal. The first
is an unpublished dataset from the International Water
Management Institute (IWMI), and the second is from
FAO Water Productivity Open Access Portal (WaPOR).
Both are raster datasets representing 2015. By using two
different irrigation distribution datasets, we are able to
estimate a range for irrigation water withdrawal.
The IWMI irrigation distribution dataset estimates
approximately 1.3 million ha of irrigated land with spatial
resolution of 20 m. This dataset was developed using the
Normalized Difference Vegetation Index (NDVI), Leaf
Area Index (LAI), and seasonal considerations as indicators of irrigated areas as these parameters characterize
changes in green biomass based on vegetation conditions.
Irrigated and nonirrigated crops are also represented by
different NDVI values during the growing season even for
the same crop types (Ambika et al. 2016). Greater levels
of soil moisture availability from irrigation during the
growing season helps irrigated crops reach maximum
greenness and NDVI values exceeding that of non-irrigated crops.
The FAO WaPOR dataset estimates approximately 1.2
million ha of irrigated land with a 250 m spatial resolution. For this estimate, irrigated areas were identified by
applying a water deficit index that takes into consideration
seasonal cumulated values of precipitation and actual
evapotranspiration rates where greater AET values under
negligible cumulated precipitation are assumed to be
irrigated crops.
The water risk analysis was performed using both IWMI
and FAO irrigated area datasets. However, the irrigated
water demand and associated water gap maps presented
in this report use the WaPOR dataset due to better data
continuity and ease of access for future analyses. The
availability of historical data and annual updates of
irrigated area coverage can be used to monitor irrigation
water demand over time.

2.1.3.2 ACTUAL EVAPOTRANSPIRATION

We used two different actual evapotranspiration
(AET) earth observation datasets for the irrigation
water withdrawal. The first dataset from NASA/USGS
MODIS (Running et al. 2017) has a 500 m spatial
resolution. The second dataset from the FAO has a
250 m spatial resolution.
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For AET estimates using MODIS data, we used four
evapotranspiration panels (H21-V7, H21-V8, H22-V7, and
H22-V8) covering Ethiopia at eight-day temporal resolution for the year 2015. These panels, strips of the Earth’s
surface from which geographic data are collected by a
moving satellite, were mosaicked to create one continuous
map covering the entire country. The eight-day mosaics
were subsequently summed to create monthly evapotranspiration data for each pixel. It is worth noting that
the mosaics are not evenly distributed across months,
thus adjustments were made when deemed necessary.
For instance, to address a gap in satellite data coverage in
April 2015, an AET layer for May 1 was used to represent
evapotranspiration values for the last week of April. Similarly, the last AET composite period for 2015 was the sum
of a five-day rather than an eight-day composite.
The FAO actual evapotranspiration datasets were available at a 10-day temporal resolution for the whole of
Africa. The AET dataset for Ethiopia was extracted and
10-day data layers were subsequently summed to
represent monthly actual evapotranspiration values for
each pixel.

2.1.3.3 EFFECTIVE PRECIPITATION

Water required by crops during the growing season can
be supplied by either precipitation or irrigation, or a
combination of these two sources. If precipitation is sufficient to cover the crop water requirement, irrigation is
not necessary to optimize crop yield. However, limited or
insufficient precipitation can be supplemented by irrigation to meet the remaining crop water requirement and
maximize yield.
Not all rain that falls on the soil surface is available
for crops. For instance, some of the precipitation can
evaporate from the soil surface or be intercepted by plant
canopy. Similarly, part of the precipitation can infiltrate
below the root zone or be lost to surface runoff. The
volume of precipitation water lost to evaporation, infiltration, and runoff is not available to the crop and is thus not
considered effective rainfall. The remaining part of the
precipitation, which is stored in the root zone and is available for crop extraction is considered effective precipitation (EP) (Dastane 1978).

Balancing Water Demands and Increasing Climate Resilience: Establishing a Baseline Water Risk Assessment Model in Ethiopia

The irrigated area raster datasets from IWMI and FAO
were overlaid with the CHIRPSv2 precipitation data for
2015. The monthly precipitation values for irrigated areas
were summed for each subbasin. The monthly effective
precipitation was estimated for each subbasin following
the FAO methodology summarized from global relationships between precipitation and effective precipitation
(Brouwer and Heibloem 1986).
Effective precipitation was estimated using the following
conditional (if) statements:
IF(P<10,0; IF(P<20,((0.1964*P)-1.9196);
IF(P<100,((0.6517*P)-12.1); IF(P<350,((0.8*P)-25)
where P represents precipitation in m3
The monthly effective precipitation values were subsequently subtracted from the cumulative actual evapotranspiration value of each subbasin to account for the
crop water requirement that was met by precipitation.

2.1.3.4 IRRIGATION EFFICIENCY

Water conveyance systems for irrigation often lose water
to leakage or excessive evaporation. Additionally, the
water applied for irrigation is often in excess of crop water
requirements due to insufficient knowledge of field soil
moisture. This results in irrigation schemes withdrawing greater volumes of water than crops require. Thus,
water losses to subsurface infiltration, surface runoff, and
atmospheric demand associated with irrigation efficiency
need proper accounting. Overall irrigation water efficiency
(IWE) for the world is estimated to be approximately 44
percent (Bruinsma 2009) but only 22 percent (Gebrehiwot
and Gebrewahid 2016) for sub-Saharan Africa. In the
Ethiopian context, Mekonen et al. (2015) reported that 75
percent of irrigation schemes in the Awash Basin considered in their study could only achieve efficiency values less
than 45 percent, and the overall irrigation efficiency was
approximately 40 percent. Awash Basin Water Allocation
Strategic Plan (Awash Basin Authority 2017) also estimated average irrigation efficiency to be approximately
44.3 percent with a range from 30.0 percent to 55.0
percent, depending on the type of irrigation practice.
Thus, the irrigation inefficiency value of 55.7 percent
was adopted in this analysis to estimate irrigation water
withdrawal in Ethiopia in 2015.

2.1.4 SPATIAL DISTRIBUTION

The irrigation water withdrawal estimates were performed at a pixel level. The actual evapotranspiration
and precipitation values were resampled from 500 m and
4,000 m resolutions, respectively, to 20 m resolution to
match the 20 m resolution of the IWMI irrigated area
raster dataset. Similarly, a resampling process was applied
for the irrigation water withdrawal estimate using FAO
data where AET and precipitation were resampled from
250 m and 4,000 m, respectively, to match the 250 m
resolution of the irrigated areas raster dataset.
The final pixel level irrigation water withdrawal datasets
were subsequently aggregated to administrative boundaries (woreda and region) to provide administrative
irrigation water demand information and hydrological
boundaries (subbasin) to match water resources data as a
preprocessing step to analyze baseline water risks.

2.1.5 LIMITATIONS
2.1.5.1 IRRIGATED LAND COVERAGE (AREAS)

Some irrigated areas may not be recognized by irrigation mapping methods, and likewise some areas may be
misidentified as irrigated. For example, irrigated area
mapping that relies on NDVI can overestimate irrigated
areas; and non-crop green vegetation such as enset
(Ethiopian banana plant) with high NDVI values can be
miscategorized as irrigated. Isolated smallholder farms
using irrigation may not have been captured in the FAO
mapping analysis, for instance, because the 250 m spatial
resolution is larger than the average smallholder farms
in Ethiopia. It is also worth noting that remotely sensed
irrigated hectares can be significantly less than those
reported by local authorities.

2.1.5.2 ACTUAL EVAPOTRANSPIRATION

Evapotranspiration (ET) accounts for water lost to consumptive use by crops. The quality of ET data is central
for an accurate evaluation of irrigation water withdrawal.
While actual evapotranspiration (AET) estimates can provide information on irrigation water withdrawal, the values may not represent total crop water demand. As crops
can only transpire the water that is available to them, the
demand can potentially be greater depending on water
availability from either precipitation or irrigation.
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The MODIS and FAO AET datasets are compiled at 500 m
and 250 m spatial resolution, respectively. Thus, the AET
values represent an average of AET within these grids
and may include non-irrigated areas in proximity to
irrigated areas, which can alter the AET estimates for
the irrigated areas.
The datasets also rely on the Penman Monteith Equation.
While this method has been demonstrated to provide the
best ET estimates among the many empirical methods,
it has several limitations (Allen et al. 1998). This method
is restricted by the availability of accurate data for variables ranging from temperature to windspeed and solar
radiation. As such, the evapotranspiration data require
calibration in some instances, particularly in low evaporative conditions. No calibration of the ET data has been
performed in this analysis.

2.1.5.3 EFFECTIVE PRECIPITATION

The partitioning of effective and noneffective precipitation
mainly depends on climate, soil texture, soil structure,
and depth of root zone. Other factors that need to be considered to estimate effective rainfall include annual variability in precipitation as well as local topography. Such
data and estimating formulas at the granularity required
were not available and are not included in this analysis.

2.1.5.4 IRRIGATION EFFICIENCY

The irrigation inefficiency value used for this analysis is
based on a study conducted primarily for medium- and
large-scale irrigation schemes in the Awash Basin. Therefore, the estimated value may not be representative of
irrigation conditions in other basins. Further, considering
that small-scale irrigation accounts for over 70 percent
of all irrigation in Ethiopia and utilizes flood irrigation,
inefficiency is likely greater than the estimate used in
this analysis.

2.1.5.5 COMPOUNDED/PROPAGATED ERROR

Error propagated from each parameter will also have a
compounded effect on the final irrigation water withdrawal estimates.
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2.2 LIVESTOCK WATER WITHDRAWAL
Ethiopia has one of the largest livestock populations in
Africa. The Central Statistical Agency (CSA) survey of
2015/2016 estimated that the national livestock and poultry populations were approximately 132.2 million and 56.5
million, respectively (CSA 2017). In 2002, livestock water
withdrawal in Ethiopia was estimated at approximately
320 billion liters per year (320 million m3) (Sileshi et al.
2003).
The livestock sector is a major contributor to poverty alleviation, food security, rural livelihoods, and the leather
industry. Ethiopia’s fast-growing population and improving standard of living forecasts that domestic demand for
meat, milk, and other animal products will likely increase
substantially in the future (Shapiro et al. 2017). Further,
Ethiopia’s increasing trade in global markets presents
opportunities to export meat and other livestock products.
Livestock and hunting was estimated to contribute 7.9
percent of GDP in 2014/15 (FDRE, NPC 2016). Between
2014/15 and 2019/20, total meat production and total
skins and hides production are planned to increase 59
percent, further indicating that livestock production will
intensify, and livestock water withdrawal will correspondingly increase.
Feed supply such as grass and fodder have been identified as the most likely physical constraints to further
expansion of the livestock population (Shapiro et al. 2017).
However, insufficient water availability for animal consumption also has significant implications for livestock
productivity and health (Sileshi et al. 2003).
To achieve the social and economic development targets
of livestock production, it is imperative to conduct a
thorough assessment of water availability and water risk
across the country. This baseline water risk analysis will
provide a general assessment of water competition among
sectors and of where water risk for livestock expansion
exists as related to renewable water resources at a subbasin level. Our method for estimating livestock water
withdrawal is described below. The datasets we used to
construct the livestock water withdrawal estimate are
listed in Table 2.
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2.2.1 DESCRIPTION

2.2.4 EFFICIENCY

Livestock water withdrawal is the total amount of water
extracted for livestock water consumption, not including
water in fodder and dry mass.

Data on livestock water withdrawal efficiency rates were
not readily available in Ethiopia. Drinking water accounts
for only 2 percent of the water required for livestock
production (Kebebe et al. 2015). Inefficiency at 15 percent
was added to account for water loss associated with conveyance and seepage losses for stationary water drinking
sites. There is the further assumption that livestock water
use inefficiency rate (15 percent) is half that of domestic
water resources (30 percent) because transporting water
to livestock is less common in Ethiopia, which reduces
losses associated with delivery.

2.2.2 DATA SOURCES
(See Table 2)

2.2.3 CALCULATION
Livestock water withdrawal was calculated using CSA
survey data of livestock population across Ethiopia at a
zone administrative level. Each livestock type was converted to a Tropical Livestock Unit (TLU), where 1 TLU is
equivalent to 250 kilograms (kg) and consumes approximately 30 liters of water per day with an inefficiency (EL)
of 15 percent.
Livestock water withdrawal=
L
(TLU) x (30Day
) x EL

2.2.5 SPATIAL DISTRIBUTION
Livestock water withdrawal was estimated at the zone
administrative level. This estimate was converted from
74 zonal administrative boundaries to hydrological
boundaries to accommodate an overlay with the water
resources data, which is at the subbasin level. The zonelevel livestock water withdrawal data were first disaggregated to 1 km grids using a tropical livestock density
spatial dataset (HarvestChoice 2015) with 1 km resolution.
The 1 km gridded livestock water withdrawal data were
subsequently aggregated to subbasin level for water
risk analysis.

Table 2 | Data Sources, Links, Spatial and Temporal Resolutions, and Data Types Used for Livestock Water Withdrawal Estimate

VARIABLE

SOURCE/LINK

YEAR

SPATIAL/TEMPORAL RESOLUTIONS

DATA TYPE

Livestock population

Central Statistical Agency
(CSA 2017)

2015

Zonal administrative boundary/Annual

Tabular

Tropical Livestock
Unit (TLU)

UN FAO

1993

No units

Tabular

Sub-Saharan Africa
Livestock Density
Distribution

International Food Policy Research Institute

2005

1 km/Once

Raster

Inefficiency (EL)

Author estimate assuming livestock water inefficiency n/a
is half that of domestic water inefficiency

n/a

n/a

http://www.fao.org/3/t0828e/T0828E07.htm
http://harvestchoice.org/data/ad05_tlu.

Note: n/a = Not applicable.
Source: WRI.

TECHNICAL NOTE | June 2021 | 9

2.2.6 LIMITATIONS
Livestock water withdrawal data are not readily available in Ethiopia. Our estimates rely on livestock surveyed
population data with a relatively coarse resolution. In
addition, the surveyed population data were not available
for some parts of the Afar and Somali regions. Further,
livestock water consumption is climate dependent; livestock in arid conditions tend to consume more water due
to higher temperatures and limited moisture availability
in the dry mass they consume. The water consumption
value per TLU provided by the International Water Management Institute considers climate and dry consumption
factors at a national level, but the subbasin level estimates
may be less accurate. Livestock water consumption estimates at finer resolution can be improved using the temperature and dry mass consumption method (Winchester
and Morris 1956). However, this approach is substantially
more data-intensive and can lead to larger errors due to
limited livestock dry mass consumption data in Ethiopia.

of the country, is growing rapidly (Ozlu et al. 2015). The
government plans to increase national water resources
coverage from 58 percent to 83 percent by 2020, with
volumetric water resources standards ranging from 25
to 100 liters per person per day based on settlement type
(FDRE, NPC 2016).
Achieving universal access to water and sanitation for a
rapidly growing population and increasing urbanization
requires sustainable management of water resources.
Evaluations of domestic water resources and demand are
prerequisites for proper planning and decision-making.
However, domestic water withdrawal data are not readily
and consistently available in Ethiopia for the majority of
the country, particularly for rural areas and secondary cities. Our method for estimating domestic water withdrawal
is described below. The datasets we used to construct the
domestic water withdrawal estimate are listed in Table 3.

2.3.1 DESCRIPTION

2.3 DOMESTIC WATER WITHDRAWAL

Domestic water withdrawal is the total volume of water
extracted for human consumption.

Ethiopia’s population is approximately 105 million with
a population growth rate of 2.5 percent per year (World
Bank 2019). While the population is mostly rural, the
urban population, which currently accounts for 17 percent

2.3.2 DATA SOURCES
(See Table 3)

Table 3 | Data Sources, Links, Spatial and Temporal Resolutions, and Data Types Used for Domestic Water Withdrawal Estimate

VARIABLE

SOURCE/LINK

YEAR

SPATIAL/ TEMPORAL RESOLUTIONS

DATA TYPE

Surveyed population

Central Statistical Agency (CSA 2017)

2015

Woreda administrative boundary/2015

Tabular

Water access targets

Growth and Transfomation Plan (GTP) II
FDRE
National Planning Commission (NPC)

2015– 20

National/5 year

Tabular

1 km/Once

Raster

City/Once

Tabular

https://www.greengrowthknowledge.org/
national-documents/ethiopia-growth-and-transformation-plan-ii-gtp-ii
Gridded population of the Center for International Earth Science Information 2015
world 2015
Network (CIESIN)
http://sedac.ciesin.columbia.edu/gpw
Inefficiency (ED)
Source: WRI.
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Desta 2013

2013
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2.3.3 CALCULATION

2.3.4 EFFICIENCY

We estimated domestic water withdrawals as a product of
population and water delivery targets. Surveyed population data for 2015 were obtained from CSA at a woreda
(district) level. For each woreda, the dataset distinguishes
between rural and urban populations. Water delivery
standards were extracted from the GTP II, which sets
specific targets for urban and rural areas (Table 4). The
greater water consumption of larger cities (i.e., Level-I,
Level-II) may also account for water use by municipalities
and institutions such as universities and hospitals.

Ethiopian cities experience water loss associated with
leaking pipes and other conveyance inefficiencies. This
nonrevenue water was estimated to be approximately 30
to 35 percent of total delivery (Desta 2013). A 30 percent
inefficiency rate (ED) was added to the domestic water
withdrawal for each woreda to account for the additional
volume of water that needs to be withdrawn to make up
for the loss.

The population data were first partitioned into rural
and urban population categories. The rural population
of each woreda was multiplied by the annualized rural
water delivery per person standard to estimate annual
water consumption. Urban areas were categorized based
on their population and the applicable water delivery
standards for each woreda. The population was then
multiplied by the annualized water delivery per person
standard and added to the rural water consumption value
to represent total water withdrawal (Dw) for each woreda.

Domestic water withdrawal=

L
)+
((woreda rural population) x (25 Day Person
L
(woreda urban population) x (40 to 100 Day Person )) x ED
•

•

2.3.5 SPATIAL DISTRIBUTION
Domestic water withdrawal was estimated at the woreda
level and needs to be converted from administrative
boundary to hydrological boundary at the subbasin level
to accommodate water resources data resolution and for
water risk analysis. The woreda-level domestic water withdrawal data were distributed to the subbasin level using
the Gridded World Population Density Distribution map
at a square-kilometer resolution (people per km2) (CIESIN

Table 4 | GTP II Water Access Targets for Cities and Rural Areas in Ethiopia

CITY HIERARCHY

POPULATION RANGE

GTP II WATER CONSUMPTION TARGET (LITERS/DAY/PERSON)

Level-I

> 1,000,0000

100

Level-II

100,000–1,000,000

80

Level-III

50,000–100,000

60

Level-IV

20,000–50,000

50

Level-V

< 20,000

40

Rural

25

Source: Based on raw data from FDRE National Planning Commission 2016, aggregated by WRI.
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2016). The 1 km gridded domestic water withdrawal data
were subsequently aggregated to subbasin level for water
risk analysis consideration.

2.3.6 LIMITATIONS
The water resources standards used do not represent
existing water use rates, and thus may not reflect actual
baseline use in 2015. In some cases, water access and use
may be less than the standard; in other cases, people may
use more water than the minimum standard. We used this
standard to ensure the assessment accounts for sufficient
domestic water use, and to use rates that are relevant for
policymaking and planning.

2.4 INDUSTRIAL WATER WITHDRAWAL
While industrialization is not a new phenomenon in Ethiopia, active promotion of industry and manufacturing by
the government of Ethiopia has intensified industrialization over the past decade. Between 2009/10 and 2014/15,
medium- and large-scale manufacturing registered a
growth rate of 19.2 percent per year. The GTP II for the
2014/15 to 2019/20 period targeted an increase in industrial value at an annual average growth rate of 20 percent,

with the industry sector providing a greater contribution
to overall GDP (FDRE, NPC 2016). The plan calls for an
increase in industrial contribution to the GDP from its
current 15.0 percent to 22.3 percent in the same period.
Industrial expansion is largely led by the development of
industrial parks through the Industrial Parks Development Corporation, which hosts medium- and large-scale
industries in textile, tannery, and agro-processing. Our
method for estimating industrial water withdrawal is
described below. The datasets we used to construct the
industrial water withdrawal estimate are listed in Table 5.

2.4.1 DESCRIPTION
Industrial water withdrawal is defined as the total volume of water extracted for industrial use.

2.4.2 DATA SOURCES
(See Table 5)

2.4.3 CALCULATION
We estimated total industrial water use by combining
water use for industrial parks and other small-, medium-,
and large-scale manufacturing. Data on existing water

Table 5 | Data Sources, Links, Spatial and Temporal Resolutions, and Data Types Used for Industry Water Withdrawal Estimate

VARIABLE

SOURCE/LINK

YEAR

SPATIAL/TEMPORAL RESOLUTIONS

DATA TYPE

Regional water
cost for industries

Central Statistical Agency (CSA)

2015

Regional administrative boundary/Once

Tabular

Water cost

Addis Ababa Water and Sewage Authority (AAWSA)

2015

Water unit (m3)/Once

Tabular

NASA Night Time
Lights

National Aeronautics and Space Administration (NASA)

2015

1 km/Once

Raster

Industrial Park
water volume

Industrial Parks Development Corporation

2015

National/Once

Tabular

Inefficiency (EIn)

Author estimate assuming industrial inefficiency is equivalent n/a
to domestic water inefficiency estimate

n/a

n/a

https://tariffs.ib-net.org/ViewTariff?tariffId=65&countryId=0

Note: n/a = Not applicable
Source: WRI.
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use of large industrial parks are available from Industrial
Parks Development Corporation (IPDC). Outside of the
industrial parks, however, industrial water withdrawal
data were not readily available. We calculated industrial
water use for manufacturing outside of the industrial
parks using the product of reported industrial water costs
(CSA 2015) and unit cost per volume (AAWSA 2019). Total
industrial water withdrawal was then calculated by factoring in inefficiency.
Industrial water withdrawal =
volume
( (industrial water cost) x ( unit
cost ) + IPDC use ) x EIn

2.4.4 EFFICIENCY
Industrial water use efficiency estimates are not
readily available in Ethiopia. Therefore, for the purpose
of our analysis, industrial water use inefficiency related
to conveyance loss was assumed to be equivalent to
domestic water use inefficiency (30 percent) in Ethiopia
(Desta 2013).

2.4.5 SPATIAL DISTRIBUTION
These industrial datasets do not contain specific geographical coordinates for industrial activity, which makes
it difficult to associate withdrawal to more granular
hydrological or catchment-level boundaries. Thus, the
regional industrial water withdrawal data obtained from
this analysis were disaggregated to subbasin level to
match hydrological boundaries. Nighttime lights raster
data (National Oceanic and Atmospheric Administration
[NOAA] National Geophysical Data Center [NGDC]) were
used to distribute the regional administrative-level data to
the subbasin level. This method assumes nighttime lighting for industrial activity.

2.4.6 LIMITATIONS
Because the water cost data reported by industry may
include costs in addition to water tariffs, using these
data may inflate the water use estimate. For instance,
because large-scale industry in Ethiopia relies heavily on
groundwater, the annual water cost industries report may
include pumping costs. These cost data may also include a
one-time cost of installation of wells and construction of
conveyance systems if these activities took place in 2015.
In addition, using nighttime lights to distribute industrial
presence and intensity may lead to water withdrawal
estimate concentration in basins comprising large cities.

2.5 CONSUMPTIVE USE
The water extracted for any of the sectoral uses is either
consumed (incorporated) or returns to the system.
Consumptive use is the volume of water that has evaporated or has been incorporated into crops, livestock, or
industrial products. Consumptive use was estimated from
total water withdrawal using the 2015 projection ratios
of consumptive use to withdrawal for East Africa/SubSaharan Africa (Shiklomanov and Rodda 2004).

3. WATER RESOURCES MODELING
Basin-level water resources assessments have been
performed for each of the Ethiopian basins as part of
their Integrated River Master Plan. The water resources
estimates from the river master plan studies indicate that
the total surface water potential of the country is approximately 122 billion cubic meters (BCM), with the basins in
the western part of the country accounting for nearly 70
percent of the potential (Awulachew et al. 2007). Because
our water risk modeling is intended for use in national
planning, forecasting, and monitoring efforts, we sought
to use data with national coverage and consistency. We
also sought datasets with spatial granularity sufficient
for subbasin-level analysis, and with sufficient temporal
resolution (multidecadal timeseries, with at least monthly
outputs) to allow for variability analysis. We explored
a number of different options, including data used in
Aqueduct 2.1 and the Ministry of Water, Irrigation, and
Energy’s basin-level estimates, ultimately selecting total
renewable water resources data from the Noah Land
Surface Model (LSM) version MP for the construction of
water risk indicators (Table 6).
Noah LSM version MP provides estimates of runoff, soil
moisture, and interaction with shallow groundwater
(Niu et al. 2011). As any physically based, distributed
hydrological approach, Noah is a high-complexity model;
discussions on its fundamentals, data requirements,
assumptions, parametrization, and expected uncertainties
are beyond the scope of this document. Further information about the Noah Land Surface Model can be found in
Niu et al. 2011, Yang et al. 2011, and Cai et al. 2014, among
other publications.
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This section also outlines the analytical methodologies for
subbasin-level total renewable water resources (Wt) and
available water resources (Wa) analyses.

3.2 AVAILABLE WATER RESOURCES

3.1 TOTAL RENEWABLE Water resources

Available water resources (Wa) is the total volume of water
available in a subbasin before any water is withdrawn for
use in the specific subbasin.

3.1.1 DESCRIPTION
Total renewable water (Wt) (Figure 3) represents the total
water resources, not taking into account any water consumption. Wt for each subbasin is the accumulated runoff
upstream of the subbasin plus the runoff in the subbasin,
soil moisture, and shallow groundwater.

3.1.2 DATA SOURCES
(See Table 6)

3.1.3 CALCULATION
Calculation: Wt(i) = Wup(i) + W(i), where Wup(i) = ∑ Wt
(iup), iup is the set of catchments immediately upstream of
catchment i that flow into catchment i, and Wup(i) is the
summed runoff in all upstream catchments. For firstorder catchments (those without upstream catchments,
e.g., headwater catchments), Wup(i) is zero, and total water
resources is simply the volume of water in the catchment.

3.2.1 DESCRIPTION

3.2.2 CALCULATION
Modeled estimates of water resources are calculated using
a catchment-to-catchment flow-accumulation approach
(Figure 4), which aggregates water by catchment and
transports it to the next downstream catchment. Available
water resources (Wa) is calculated as water from upstream
subbasins less upstream consumptive use plus water in
the subbasin. Wa is calculated as Wa(i) = W(i)+ΣQout(iup),
where W is water, Qout is the volume of water exiting a
catchment to its downstream neighbor: Qout(i) = max(0,
Ba(i)-Uc(i)), Uc(i) is the consumptive use. Negative
values of Qout are set to zero (Gassert et al. 2013; Wang
et al. 2016).

Table 6 | Data Sources, Links, Spatial and Temporal Resolutions, and Data Types Used for Water Resources Analysis

VARIABLE

SOURCE/LINK

YEAR

SPATIAL/TEMPORAL RESOLUTIONS DATA TYPE

Total renewable
water resources

National Aeronautics Space Administration (NASA)
Noah Land Surface Model (LSM) v.MP

1981–
2017

10 km/daily

Raster

2007

n/a

Vector

https://catalog.data.gov/organization/nasa-gov
Subbasin
delineationa

Center for Global Environmental Research
https://www.cger.nies.go.jp/db/gdbd/gdbd_index_e.html

Note: n/a = Not applicable.
a.
In places where inland sinks created very small subbasin delineations, these were merged with their larger neighbors.
Source: WRI.

14 |

Balancing Water Demands and Increasing Climate Resilience: Establishing a Baseline Water Risk Assessment Model in Ethiopia

Figure 3 | Total Renewable Water Resources at Subbasin Level in Ethiopia
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Notes: Total renewable water resources represents the total water available annually at each subbasin, including water accumulated from upstream, not taking into account any water consumption.
Water resources here includes runoff, soil moisture, and shallow groundwater.
Total renewable water resources from Noah MP includes surface runoff, shallow groundwater, and baseflow interaction.
Source: Based on raw data from National Aeronautics Space Administration (NASA) Noah Land Surface Model (LSM) v.MP 2018, modified by WRI.
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Figure 4 | Schematic Diagram of Catchment-to-Catchment Flow Accumulation

1.

Wa1 = R1

R1
C1

3.

2.

C2

R3

R2

Wa2 = R2

Wa3 = max(o, Wa1 — C1) + max(o, Wa2 — C2) + R3

Note: The available water resources (Wa) in catchment 3 is equal to water resources plus the sum of Wa minus consumptive use (C) for the adjacent upstream catchments. Since catchments 1 and 2
have no upstream catchments, Wa is equal to water resources. Note that consumption is not counted against Wa in the current catchment but is counted in catchments further downstream.
Source: WRI.

4. WATER RISK INDICATORS
This section explains how the water risk indicators,
namely baseline water stress, months of water scarcity,
seasonal variability, and interannual variability, were
constructed from the modeled sectoral water demand and
subbasin-level water resources data.

drawal divided by the mean of available water resources.
Greater values of baseline water stress indicate more
competition of water among sectors.

4.1 BASELINE WATER STRESS

The baseline water stress ratio classifications are consistent with those used in global Aqueduct™ and BWSChina: low (< 10 percent), low to medium (10–20 percent),
medium to high (20–40 percent), high (40–80 percent),
and extremely high (> 80 percent) (Gassert et al. 2013;
Jiao et al. 2016). In this water stress assessment for Ethio-

Baseline Water Stress (BWS) (Figure 5) represents the
intensity of competition between sectoral water demands
and quantifies the level of depletion in available water
sources. BWS is calculated as the annual total water with-
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Baseline Water Stress =

total annual water withdrawal
mean of available water resources (Wa)
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Figure 5 | Baseline Water Stress of Ethiopia at Subbasin Level, 2015
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Note: Baseline water stress represents total annual water withdrawal relative to available water resources.
Source: WRI.
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pia, baseline water stress was calculated for the year 2015
as the total water withdrawals from 2015 divided by the
mean available water resources of 36 years between 1981
to 2017. Water resources in Ethiopia is known for high
variability. Using long-term runoff estimates can help
capture the climatic cycle and account for variability.

4.2 MONTHS OF WATER SCARCITY
Months of Water Scarcity (Figure 6) represents the
number of months where water stress is extremely high.
This metric is intended to indicate the level of storage
need. To gauge the number of months of water scarcity,
we calculated water stress for each month. Much like the
annual baseline water stress, monthly baseline water
stress represents the intensity of competition between
sectoral water demands and quantifies the level of depletion in available water sources within months of the year
in 2015. Monthly water stress is calculated as the monthly
total water withdrawal divided by the mean of available
water resources for that month. Number of months where
water stress is extremely high (>80%) was counted for
each subbasin. This calculation does not take into account
existing storage availability such as lakes and reservoirs.
However, this could be useful in future analysis for areas
with increasing water demands or changing variability
due to climate change.

4.3 SEASONAL VARIABILITY
Seasonal variability (Figure 7) measures variation in
water resources between months of the year. It is calculated as the standard deviation of monthly total renewable
water resources divided by the mean of monthly total
renewable water resources between 1981 and 2017. The
means of total renewable water resources for each of the
12 months of the year were calculated, and the variances
estimated between the mean monthly values.
Seasonal variability =

standard deviation of total monthly renewable water resources
mean of total renewable water resources

Seasonal variability values of 0.33 indicate the subbasin
has low water resources variability while values above 1
and 1.33 indicate high and extremely high variability in
water resources.

4.4 INTERANNUAL VARIABILITY
Interannual variability (Figure 8) measures the variation in water resources between years. It is calculated as
the standard deviation of annual total renewable water
divided by the mean of total renewable water resources
between 1981 and 2017.
Interannual variability =

standard deviation of total annual renewable water resources
mean of total renewable water resources

Interannual values of 0.25 indicate the subbasin has low
water resources variability, while values above 0.75 and
1.00 indicate high and extremely high variability in
water resources.
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Figure 6 | Months of Water Scarcity in Ethiopia at Subbasin Level, 2015

Months of
water scarcity
0–1
2–3
4–6
7–9
10–12

!
Mekele

!

!

Semera

Bahir Dar

!

Asosa

!
!

Dire Dawa

Addis Ababa
!
(

!

!

Harer Jigjiga

Basin
Subbasin
National capital
Regional capitals
Lakes

Nazret
Gambela

! Awasa

Note: Months of water scarcity represents the number of months where water stress is extremely high.
Source: WRI.
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Figure 7 | Seasonal Variability Measuring the Variation in Water Resources between Months, 1981–2017
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Note: Seasonal variability measures variation in water resources between months of the year.
Source: WRI.

20 |

!
!

Dire Dawa

Addis Ababa
!
!

Extremely high (>1.33)

Semera

!
!

!
!

Harer Jigjiga

Basin
Subbasin
National capital
Regional capitals
Lakes

Balancing Water Demands and Increasing Climate Resilience: Establishing a Baseline Water Risk Assessment Model in Ethiopia

Figure 8 | Interannual Variability Measuring the Variation in Water Resources between Years, 1981–2017
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Source: WRI.
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4.5 POPULATION AND SECTORAL ACTIVITIES
IN HIGH WATER RISK AREAS
Based on our water risk analysis, we estimated that
approximately 27 million people live in high or extremely
high water risk areas in Ethiopia. The population in high
water risk areas was estimated using the Central Statistics
Agency’s woreda-level surveyed population data for 2015.
The woreda-level population data were distributed to the
subbasin level using Gridded World Population Density
Distribution map at a square-kilometer resolution (people
per km2). The 1 km gridded population data were then
aggregated for each subbasin. The sum of people living
in high or extremely high water risk subbasins was then
divided by the total population of Ethiopia to obtain the
percentage of people living in high water risk areas. The
population of Ethiopia is expected to grow at 2.5 percent
(World Bank 2019) or 2.6 percent annually (UN World
Population Prospects 2019). That, in combination with a
growing economy means that water demand will increase
as well as the number of people in high water risk areas if
mitigation measures to reduce risk (e.g., increased water
efficiency) are not undertaken.
An overlay of the FAO irrigated hectare pixels with the
baseline water stress assessment map indicates that
350,000 hectares (approximately 30 percent) of the 1.2
million hectares of irrigated land in Ethiopia were in high
and extremely high water risk subbasins. In addition, 23
percent of the livestock water withdrawal is in high and
extremely high water stress subbasins, highlighting the
water risks to Ethiopia’s intensive agricultural activities.
While industrial water withdrawal accounts for less than
2 percent of Ethiopia’s total water withdrawal, 74 percent
of the industrial water withdrawal is concentrated in high
and extremely high water stress subbasins. The Awash
Basin, which is the most stressed basin in Ethiopia,
accounts for approximately 55 percent of the total industrial water withdrawal.
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5. DISCUSSION
5.1 LIMITATIONS

This method for water risk analysis is primarily intended
to be useful for national, regional, or basin-level analysis.
Decision-making at the local levels should be informed
by analytical methods more appropriate for those scales,
using in situ and primary data. There are also important
limitations and considerations for using this analysis at all
scales. First, the water risk method estimates renewable
water resources, but does not take into account reservoirs,
lakes, or deep groundwater reserves. Second, the irrigation estimation—representing water use by sector—is
constructed from 2015 data. Irrigation water demand and
use may shift greatly based on precipitation and other factors in a given year. Third, the analysis does not factor in
existing infrastructure, such as conveyance for municipal
use from one subbasin to another, or operational effectiveness. Effectively, the maps represent physical water
scarcity, not economic water scarcity.
Additional limitations to the component modeling
approaches are described in detail in each of the sections
above.

5.2 APPLICATIONS
5.2.1 DEVELOPMENT PLANNING
It is important for Ethiopia’s development planning to
be informed by water and climate risks. This water risk
model is intended to provide valuable information for
long-term planning. Scenarios can be developed using
these data to assess both changing water risk profiles
and adoption of strategies to address these risks, such
as increased water use efficiency. The baseline water
withdrawal data developed through this model allows for
the development of scenario projections in each sector.
Projections may include the percentage change in a given
sector (e.g., industrial growth rate of 20 percent per year);
the change in water demand (e.g., increasing standards for
domestic water use, such as by populations moving from
rural to urban areas); changes in efficiency (e.g., reduction
of nonrevenue water); or changes in the location of water
demands (e.g., irrigation expansion in new areas). Climate
change projections can also be applied to develop scenarios of future climate change impacts on water demand
and supply.
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5.2.2 MONITORING
In addition to supporting scenario planning, we built
this water risk model to support ongoing water riskmonitoring efforts. Each variable, such as “irrigation
water withdrawal,” can be updated when new input data
are collected and reported. One example of its application
is monitoring and reporting for Sustainable Development
Goal (SDG) target 6.4.2, level of water stress.
Whereas the indicator is reported at the country level,
the guidance acknowledges that the data should be
collected at the subnational level where possible, as
this will provide information that is more useful for
decision-making. UN Water (2017) recommends that this
indicator can be calculated by dividing total freshwater
withdrawn by total renewable freshwater resources less
environmental flow requirements, with some suggestions
for a questionnaire, process, and indicator calculation.
Vanham et al. (2018) provide additional recommendations
for monitoring SDG 6.4.2. The methodology above can
be augmented with environmental flow requirements for
SDG 6.4.2 monitoring.

5.3 IDENTIFIED DATA GAPS
While we believe this work provides valuable information
for development planning, the approach and the subsequent results can be further improved by filling critical
data gaps. Data on irrigated areas is one such critical
data gap. For instance, the irrigation water withdrawal
estimate based on IWMI’s irrigated areas dataset (~13
BCM) is approximately 15 percent less than the estimate
using irrigated areas dataset from FAO (~15 BCM) with
significant discrepancies at the basin level. Further,
lack of irrigated crop type data means irrigation water
withdrawal analysis must rely on satellite-based actual
evapotranspiration estimates with relatively low (100 to
500 m) spatial resolution and high uncertainty levels.
Horticultural production in greenhouses is also a blind
spot for estimating agricultural water use with our methods, and an important data gap, given the growth of the
horticultural industry in Ethiopia. Given that irrigation
water withdrawal accounts for 84 percent to 86 percent of
the total water withdrawal estimate in Ethiopia (based on
IWMI and FAO irrigated hectares, respectively), improving irrigated area estimates and identifying crop types
in major irrigated parcels will substantially improve the
accuracy of the estimates and the capacity of the tool to
inform decision-makers with greater confidence.

While the domestic, livestock, and industrial water withdrawals account for only ~15 percent of the total combined
water withdrawal, better accounting of municipal water
use will improve the reliability of the water risk analysis and value to long-term planning. As formal ranches
and dairy farms are in their infancy and piped livestock
drinking water is rare, near-future livestock water withdrawal analysis will likely still depend on cattle and
livestock head count. Rigorous water permitting, annual
data of industrial water consumption, and other regulatory mechanisms could be explored, however, as a means
of further monitoring and managing large-scale water
users—including in the domestic, livestock, industrial,
and agricultural sectors.
Ethiopia has an overall national hydropower potential of
approximately 45 gigawatts (GW) (van der Zwaan et al.
2018). The current installed hydropower capacity is 3,810
megawatts (MW) with further 8,864 MW of hydropower
under development (Sileshi 2018). While water use associated with these energy production values are significant
from a water availability perspective, hydropower water
demand was deemed primarily non-consumptive and was
excluded from the water demand analysis to avoid double
counting of total water withdrawal estimates.
Five of the eight wet river basins in Ethiopia are transboundary. The transboundary obligations of these river
basins to downstream countries were not accounted for in
this baseline water stress analysis. Allocating designated
flows to downstream users will increase water stress in
currently low-stress basins (e.g., the Abay Basin) and
further exacerbate water stress in already stressed basins
(e.g., Rift Valley and Wabi Shebelle Basins).
Environmental water demand was not included in this
study due to limited information and lack of clarity in
quantifiable environmental flow regulations in Ethiopia.
Environmental flow requirements can vary depending
on the basin, subbasin, river, and ecological systems.
For instance, McCartney et al. (2008) reported that 22
percent of the mean annual flow of the Chara Chara
hydropower dam diversion weir (Blue Nile Basin) is
required to maintain basic ecological function of the river
reach. Their report further suggests that if the aesthetic
value and contribution of the Tis Issat Falls to Ethiopian
tourism are considered, the environmental flow requirement of the river reach will likely increase substantially.
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As such, accounting for environmental flow will intensify
the baseline water stress of some of the subbasins.
The total renewable and available water resources data
estimates extracted from global datasets are hampered
by a relatively high degree of uncertainty, particularly
because of the mountainous nature of the Ethiopian
landscape. While attempts were made to bias-correct the
water resources data (e.g., runoff) at basin and subbasin
levels, lack of consistency and continuity of streamflow
observation data and insufficient distribution of streamflow gauges resulted in insufficient calibration of runoff
data for water supply analysis. Improving streamflow
data quality and streamflow gauge distribution in the wet
basins will substantially improve the reliability of total
renewable water resources, available water resources (the
supply accounts stream flow not the water resources in
the surface water), and total water demand estimates at
basin and subbasin levels.

24 |

Balancing Water Demands and Increasing Climate Resilience: Establishing a Baseline Water Risk Assessment Model in Ethiopia

REFERENCES
AAWSA (Addis Ababa Water and Sewerage Authority) (Ethiopia) (IBNet Tariffs
Database). https://tariffs.ib-net.org/ViewTariff?tariffId=65&countryId=0. Accessed June 16, 2019.

Dastane, N.G. 1974. “Effective Rainfall in Irrigated Agriculture.” FAO Irrigation and
Drainage Paper no. 25. Rome: Food and Agriculture Organization of the United
Nations (FAO).

Admassie, A., K. Berhanu, and A. Admasie. 2016. “Employment Creation in Agriculture and Agro‐industries in the Context of Political Economy and Settlements
Analysis.” Partnership for African Social and Governance Research Working
Paper no. 016, Nairobi, Kenya.

Desta, M. 2013. “On the Evaluation of Water Loss Control Practices in Ethiopian
Cities, the Case of Mekelle Water and Sewerage Service Enterprise.” [Thesis]
[Internet]. San Antonio, TX: St. Mary’s University. http://repository.smuc.edu.et/
handle/123456789/1230. Accessed May 30, 2019.

Allen, R.G., L.S. Pereira, D. Raes, and M. Smith. 1998. Crop Evapotranspiration. FAO
Irrigation and Drainage Paper no. 56. Rome: Food and Agriculture Organization
of the United Nations. 56:e156.

FAO (Food and Agriculture Organization of the United Nations). 1993. “Characterization of livestock systems, Tropical Livestock Unit (TLU)“ [Internet]. http://
www.fao.org/3/t0828e/T0828E07.htm. Accessed May 20, 2018.

Ambika, A.K., B. Wardlow, V. Mishra. 2016. “Remotely Sensed High Resolution
Irrigated Area Mapping in India for 2000 to 2015.” Sci Data 3: 160118.

FAO. 2018. “Effective Rainfall Estimation.” [Internet]. http://www.fao.org/3/
s2022e/s2022e03.htm Accessed May 20, 2018.

Awash Basin Authority. 2017. Awash Basin Water Allocation Strategic Plan.
https://www.cmpethiopia.org/media/water_allocation_strategic_plan_
june_2017/(language)/eng-GB

FAO WaPOR. 2019. Water Portal “Ethiopia | Data” [Internet]. https://wapor.apps.
fao.org/home. Accessed April. 12, 2020.

Awulachew, S.B., A.D. Yilma, M. Luelseged, W. Loiskandl, M. Ayana, and T.
Alamirew. 2007. “Water Resources and Irrigation Development in Ethiopia.” Working Paper no. 123. Colombo, Sri Lanka: International Water Management Institute.
Brouwer, C., and M. Heibloem. 1986. “Irrigation Water Management: Irrigation Water Needs.” Rome: Food and Agriculture Organization of the United Nations (FAO).
http://www.fao.org/docrep/S2022E/S2022E00.htm#Contents.
Bruinsma, J. 2009. “The Resource Outlook to 2050: By How Much Do Land, Water
and Crop Yields Need to Increase by 2050?” Paper presented at the Food and
Agriculture Organization of the United Nations’ Expert Meeting on How to Feed
the World in 2050, Rome, June 24–26.
Cai, X., Z.L. Yang, Y. Xia, M. Huang, H. Wei, L.R. Leung, and M.B. Ek. 2014: “Assessment of Simulated Water Balance from Noah, Noah-MP, CLM, and VIC over CONUS Using the NLDAS Test Bed.” J. Geophys. Res. Atmos. 119 (13): 751–70. https://
doi.org/10.1002/2014JD022113.
Chandrasekharan, Kiran, Salman Siddiqui, Jennie Barron, Chandima Subasinghe,
and Amare Haileslassie. 2018. “Irrigated Areas of Ethiopia.” Colombo, Sri Lanka:
International Water Management Institute. (Unpublished data).
CHCUCSB (Climate Hazard Center University of California Santa Barbara). 2019.
Climate Hazards Group InfraRed Precipitation with Station Data, Version 2
(CHIRPSv2). “Ethiopia | Data” [Internet]. http://chg.geog.ucsb.edu/data/chirps/.
Accessed July 18, 2019.

FDRE (Federal Democratic Republic of Ethiopia). 2015. “Ethiopia’s Climate-Resilient Green Economy Climate Resilience Strategy: Water and Energy” [Internet].
http://gggi.org/wp-content/uploads/2015/08/2015-08-10-FINAL-CR-StrategyWater-and-Energy.compressed.pdf. Accessed May 30, 2019.
FDRE, NPC (National Planning Commission). 2016. “Growth and Transformation Plan II.” Addis Ababa. https://www.greengrowthknowledge.org/nationaldocuments/ethiopia-growth-and-transformation-plan-ii-gtp-ii. Accessed May
30, 2019.
FDRE, MoA (Ministry of Agriculture). 2018. “Small, Medium, and Large-Scale Irrigated Area in Ethiopia.” Addis Ababa. (Unpublished data).
FDRE, MoWIE (Ministry of Water, Irrigation, and Energy). 2018. “Medium and
Large-Scale Irrigated Area in Ethiopia.” Addis Ababa. (Unpublished data).
Funk, C., P. Peterson, M. Landsfeld, D. Pedreros, J. Verdin, S. Shukla, G. Husak, J.
Rowland, L. Harrison, A. Hoell, and J. Michaelsen. “The Climate Hazards Infrared
Precipitation with Stations—A New Environmental Record for Monitoring Extremes.” Scientific Data 2: 150066. https://doi.org/10.1038/sdata.2015.66, 2015a.
Gassert, F., M. Luck, M. Landis, P. Reig, and T. Shiao. 2014. “Aqueduct Global Maps
2.1: Constructing Decision-Relevant Global Water Risk Indicators.” Working Paper. Washington, DC: World Resources Institute. http://www.wri.org/publication/
aqueduct-globalmaps-21-indicators.
Gebrehiwot, K.A., and M.G. Gebrewahid. 2016. “The Need for Agricultural Water
Management in Sub-Saharan Africa.” J Water Resour Prot. 8: 835.

CIESIN (Center for International Earth Science Information Network). 2016. “Gridded Population of the World, version 4 (GPWV4): Population Density.” Palisades,
NY: NASA Socioeconomic Data and Applications Center (SEDAC).

Haile, G.G., and A.K. Kasa. 2015. “Irrigation in Ethiopia: A Review.” Acad J Agric Res.
3: 264–69.

CSA (Central Statistical Agency). 2015. “Large and Medium Scale Manufacturing
and Electricity Industries Survey” (Unpublished).

IFPRI (International Food Policy Research Institute). 2005. Sub-Saharan Africa
Livestock Density Distribution “Ethiopia | Data” [Internet]. http://harvestchoice.
org/data/ad05_tlu. Accessed June 15, 2019.

CSA. 2017. “Agricultural Sample Survey 2016/2017. Report on Livestock and
Livestock Characteristics (Private Peasant Holdings), Vol. II.” Statistical Bulletin
585 (April). Addis Ababa: CSA.

IPDC (Industrial Parks Development Corporation). 2018. Discharge data from
active Ethiopian industrial parks. (Unpublished data).

TECHNICAL NOTE | June 2021 | 25

Kebebe E.G., S.J. Oosting, A. Haileslassie, A.J. Duncan, and I.J.M. de Boer. 2015.
“Strategies for Improving Water Use Efficiency of Livestock Production in Rainfed Systems.” Animal 95: 908–16. doi:10.1017/S1751731114003115.
Kassam, A.H., van Velthuizen H.T., Sloane P.H., Fischer G.W., and Shah M.M. 1993.
Characterization of Livestock Systems. Agro-ecological Land Resources Assessment for Agricultural Development Planning — A Case Study of Kenya Resources
Data Base and Land Productivity. Technical Annex 5. Livestock productivity.
Land and Water Development Division Food and Agriculture Organization of the
United Nations and International Institute for Applied Systems Analysis. Rome.
1991. http://www.fao.org/3/t0828e/T0828E07.htm#ch5
Masutomi, Y., Y. Inui, K. Takahashi, and Y. Matsuoka. 2009. “Development of Highly
Accurate Global Polygonal Drainage Basin Data.” Hydrological Processes 23:
572–84. doi: 10.1002/hyp.7186.
McCartney, Matthew P., A. Shiferaw, and Y. Seleshi. 2008. “Estimating Environmental Flow Requirements Downstream of the Chara Chara Weir on the Blue
Nile River. In Proceedings of the Workshop on Hydrology and Ecology of the Nile
River Basin under Extreme Conditions, edited by W. Abtew and A.M. Melesse,
57–75. Sandy, UT: Aardvark Global Publishing.
Mekonen, A., T. Gebremeskel, A. Mengistu, E. Fasil, and M. Melkamu. 2015. “Irrigation Water Pricing in Awash River Basin of Ethiopia: Evaluation of Its Impact on
Scheme-Level Irrigation Performances and Willingness to Pay.” Afr. J. Agric. Res.
10: 554–65.
NASA (National Aeronautics and Space Administration). 2019. “Ethiopia | Data”
[Internet]. https://www.nasa.gov/topics/earth/earthday/gall_earth_night.html.
Accessed June 18, 2018.
Niu, G.-Y., Z.-L. Yang, K.E. Mitchell, F. Chen, M.B. Ek, M. Barlage, K. Manning, D.
Niyogi, E. Rosero, M. Tewari, and Y. Xia. “The Community Noah Land Surface
Model with Multiparameterization Options (Noah-MP): 1. Model Description and
Evaluation with Local-Scale Measurements.” J. Geophys. Res. 116: D12109. doi:
10.1029/2010JD015139.
Ozlu, M.O., A. Alemayehu, M. Mukim, S.V. Lall, O.T. Kerr, O. Kaganova, C.O. Viola, R.
Hill, E. Hamilton, and A.T. Gapihan. 2015. “Ethiopia—Urbanization Review: Urban
Institutions for a Middle-Income Ethiopia” [Internet]. Washington, DC: World
Bank. http://documents.worldbank.org/curated/en/543201468000586809/
Ethiopia-Urbanization-review-urban-institutions-for-a-middle-income-Ethiopia.
Accessed May 30, 2019.
Running, S., Q. Mu, and M. Zhao. 2017. “MOD16A2 MODIS/Terra Net Evapotranspiration 8-Day L4 Global 500m SIN Grid V006.” NASA EOSDIS Land Process DAAC.
doi Org105067MODISMOD16A2. 6. https://cmr.earthdata.nasa.gov/search/concepts/C1000000524-LPDAAC_ECS.html. Accessed May 30, 2019.
Shapiro, B.I,. G. Gebru, S. Desta, A. Negassa, K. Nigussie, G. Aboset, and H.
Mechale. 2017. Livestock Sector Analysis. Developed by the Ethiopia Ministry
of Livestock and Fisheries and the International Livestock Research Institute Livestock master plan team. https://cgspace.cgiar.org/bitstream/handle/10568/92057/LSA_Ethiopia.pdf?sequence=3.

26 |

Shiklomanov, I.A., and J.C. Rodda. 2004. World Water Resources at the Beginning
of the Twenty-first Century. Cambridge, UK: Cambridge University Press.
Sileshi, B. 2018. “Hydropower Development in Ethiopia to Attain Sustainable
Growth” [Internet]. https://www.hydropower.org/blog/blog-hydropower-development-in-ethiopia-to-attain-sustainable-growth. Accessed February 18, 2020.
Sileshi, Z., Tegegne, A., and Tsadik, G.T. 2003. “Water Resources for Livestock in
Ethiopia: Implications for Research and Development.” Integr Water Land Manag
Res Capacity Build Priorities Ethiop. 66.
UNEP (United Nations Environment Programme). 2010. “Africa Water Atlas.”
Nairobi, Kenya: UNEP, Division of Early Warning and Assessment (DEWA).
United Nations Water. 2017. “Step-by-Step Methodology for Monitoring Water
Stress (6.4.2).” UN-Water [Internet]. https://www.unwater.org/publications/stepstep-methodology-monitoring-water-stress-6-4-2/. Accessed June 20, 2019.
United Nations World Population Prospects. 2019. “Ethiopia | Data” [Internet].
https://population.un.org/wpp/Graphs/231. Accessed Feb. 6, 2020.
van der Zwaan, Bob, Agnese Boccalon, and Francesco Dalla Longa. 2018.
“Prospects for Hydropower in Ethiopia: An Energy-Water Nexus Analysis.” Energy
Strategy Reviews 19: 19–30. https://doi.org/10.1016/j.esr.2017.11.001.
Vanham, D., A.Y. Hoekstra, Y. Wada, F. Bouraoui, A. de Roo, M.M. Mekonnen, W.J.
van de Bund, O. Batelaan, P. Pavelic, and W.G.M. Bastiaanssen. 2018. “Physical
Water Scarcity Metrics for Monitoring Progress towards SDG Target 6.4: An
Evaluation of Indicator 6.4.2 ‘Level of Water Stress.’” Science of the Total Environment 613–14: 218–32.
Wang, J., L. Zhong, and Y. Long. 2016. “Baseline Water Stress: China.” Technical Note. Beijing: World Resources Institute. http://www.wri.org/ publication/
baseline-water-stress-china.
Winchester, C.F., and M.J. Morris. 1956. “Water Intake Rates of Cattle.” J Anim Sci.
15: 722–40.
World Bank. 2006. “Ethiopia—Managing Water Resources to Maximize Sustainable Growth: Water Resources Assistance Strategy” [English]. Washington, DC:
World Bank. http://documents.worldbank.org/curated/en/947671468030840247/
Ethiopia-Managing-water-resources-to-maximize-sustainable-growth-waterresources-assistance-strategy.
World Bank. 2019. “Ethiopia | Data” [Internet]. https://data.worldbank.org/country/ethiopia. Accessed June 19, 2019.
Yang, Z., G. Niu, K.E. Mitchell, F. Chen, M.B. Ek, M. Barlage, L. Longuevergne, K.
Manning, D. Niyogi, E. Rosero, M. Tewari, and Y. Xia. 2011. “The Community Noah
Land Surface Model with Multiparameterization Options (Noah-MP): 2. Evaluation over Global River Basins.” J. Geophys. Res.-Atmos. 116, D12110. https://doi.
org/10.1029/2010JD015140, 2011.
Zerga, B., and G. Gebeyehu. 2016. “Climate Change in Ethiopia Variability, Impact,
Mitigation, and Adaptation.” J Soc Sci Humanit Res. 2: 66–84.

ACKNOWLEDGMENTS

ABOUT WRI

The authors are immensely grateful to all who contributed to this modeling and
publication effort.

World Resources Institute is a global research organization that turns big ideas
into action at the nexus of environment, economic opportunity, and human
well-being.

The authors would like to thank our peers who provided critical review and
feedback, including Dr. Tena Alamirew (WLRC), Peter Koefoed Bjornsen, Rutger
Hofste (WRI), Samantha Kuzma (WRI), Dr. Meron Teferi Taye (IWMI), Dr. Solomon
Tsehay (WRI), and Tesfay Woldemariam (WRI).
Amongst our colleagues at WRI, strategic advice and oversight was provided
by Betsy Otto, Charles Iceland, Haileselassie Medhin, Wanjira Mathai, Aklilu
Fikresilassie, and Kitty van der Heijden. Jiao Wang and Tianyi Luo provided expert
advice and support. Selam Alebel, Gubignet Tekle, Meredith Hess provided critical
operational support. Emilia Suarez and Romain Warnault helped us navigate the
publication planning, peer review, and production process.
Outside of WRI, we would like to give a special thanks to Semunesh Golla and
Dr. Negash Wagesho at the Ministry of Water, Irrigation and Energy for their critical
input. Our water resources modeling effort benefited immensely from the modeling
efforts and expert advice of Jose Manuel Molina, as well as the expert advice of Dr.
Ben Zaitchik. Surafel Mamo Woldegebrael, Dr. Amare Haileslassie and Dr. Belete
Berhanu contributed greatly their expert advice to our water withdrawal modeling.
We would like to thank those who provided data that were essential to this
modeling effort in Ethiopia, including the Ministry of Water Irrigation, and Energy,
Central Statistical Agency, Ministry of Agriculture, National Meteorological
Agency, International Water Management Institute, Industrial Parks Development
Corporation, Water and Land Resources Center of Addis Ababa University, the
Agricultural Transformation Agency, and Planning and Development Commission.
We are pleased to acknowledge the Federal Ministry for Economic Cooperation
and Development (BMZ) for their generous financial support. This effort was also
made possible by our institutional strategic partners, who provided core funding
to WRI which helped us launch this effort: Netherlands Ministry of Foreign Affairs,
Royal Danish Ministry of Foreign Affairs, and Swedish International Development
Cooperation Agency, and Irish Department of Foreign Affairs and Trade.

Our Challenge
Natural resources are at the foundation of economic opportunity and human
well-being. But today, we are depleting Earth’s resources at rates that are not
sustainable, endangering economies and people’s lives. People depend on clean
water, fertile land, healthy forests, and a stable climate. Livable cities and clean
energy are essential for a sustainable planet. We must address these urgent,
global challenges this decade.
Our Vision
We envision an equitable and prosperous planet driven by the wise
management of natural resources. We aspire to create a world where the
actions of government, business, and communities combine to eliminate poverty
and sustain the natural environment for all people.
Our Approach
COUNT IT
We start with data. We conduct independent research and draw on the latest
technology to develop new insights and recommendations. Our rigorous
analysis identifies risks, unveils opportunities, and informs smart strategies.
We focus our efforts on influential and emerging economies where the future of
sustainability will be determined.
CHANGE IT
We use our research to influence government policies, business strategies,
and civil society action. We test projects with communities, companies,
and government agencies to build a strong evidence base. Then, we work
with partners to deliver change on the ground that alleviates poverty and
strengthens society. We hold ourselves accountable to ensure our outcomes will
be bold and enduring.
SCALE IT

ABOUT THE AUTHORS

We don’t think small. Once tested, we work with partners to adopt and expand
our efforts regionally and globally. We engage with decision-makers to carry out
our ideas and elevate our impact. We measure success through government and
business actions that improve people’s lives and sustain a healthy environment.

Zablon Adane, PhD, is a Research Associate in the WRI Water Program based in
Addis Ababa, Ethiopia.
Contact: zablon.adane@wri.org

Maps are for illustrative purposes and do not imply the expression of any opinion on the
part of WRI, concerning the legal status of any country or territory or concerning the
delimitation of frontiers or boundaries.

Tinebeb Yohannes is a Research Analyst in the WRI Water Program based in
Addis Ababa, Ethiopia.
Eliza L. Swedenborg is a Manager for Strategy and Performance in the WRI
Water Program based in Washington, DC.

Copyright 2021 World Resources Institute. This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of the license, visit http://creativecommons.org/licenses/by/4.0/

10 G Street, NE | Washington, DC 20002 | www.WRI.org

