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EXECUTIVE SUMMARY

Our Climate Resilience Green Economy (CRGE) vision is for Ethiopia to become a middle-
income country by 2025, through rapid economic growth that is resilient to climate change
and results in no increase in carbon emissions. The Climate Resilience strategy sets out the
implementation priorities for the Ministry of Water, Irrigation and Energy, building on the
Green Economy Strategy.

KEY MESSAGES

Our highly variable climate has always been a major challenge and has a significant impact
on our development objectives. Climate change will further increase this uncertainty in
three main ways:

e Continued temperature increases of 0.8 to 2.7°C.
e Continued rainfall variability with more frequent extremes
® Parts of the country could see changes in key seasonal rainfall.

Most of our existing plans for water and energy are a core part of delivering the CRGE
vision, so we need to accelerate delivery of existing MoWIE plans. Based on the above
climate planning assumptions, we have therefore identified 11 strategic priorities, which
will be elaborated after more detailed analysis of implementation options.

ENERGY WATER

Irrigated Agriculture

Electric Power 3.1 Accelerate
irrigation plans
1.1 Diverse energy mix 3.2 Strengthen
1.2 Energy Efficiency rainfed agriculture
3.3. Balance water
demands

GROWTH

5.1 Data for decisions 5.2 Accelerate delivery

Access to WASH

4.1 Accelerate access
4.2 Enhance self-supply

POVERTY
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THE CHALLENGE

Water and energy are both key to the CRGE and Ethiopia’s goals for economic growth and for
poverty eradication. In total, sustainable water and energy supply plays a key role in around
USD 7.2bn of planned GDP growth in the GTP period and the achievement of the MDGs
through freeing up productive time and through improved health. Access to energy and
water could prevent the loss of approximately 1.2m lives.

To assess the impact of climate change on our development objectives and take into account
uncertainty, we have defined a set of planning assumptions about how climate may change in
future, based on the available data. These assumptions will be reviewed and revised as data
and science improves:

e Continued temperature increases of 0.8 to 2.7°C. Mean temperatures have been
increasing and are likely to continue to do so with climate change.

® Year-to-year rainfall variability is the most significant climate variable and rainfall is likely
to be less predictable with more frequent extremes in future.

e Parts of the country could see changes in key seasonal rainfall. The pattern of the belg
and gu rains could change, which would have major implications for rural livelihoods
and food security, particularly in Somali, South Oromia and parts of SNNPR.

These trends have several key implications for the water and energy sectors’ contribution to
Ethiopia’s development.

® Cross-government partnership required to address key CRGE challenges. Several key
areas lie outside of MoWIE’s sole responsibility and require partnership with other
Ministries.

e Current hydropower plans provide sufficient reserve generation to cope with climate
change impacts, but this has an opportunity cost of $208m/year in 2030. Extreme events
would severely strain the grid — under the driest scenarios, a 1 in 50 year event could
require 86% of reserve generation.

e \Woodfuel availability could be impacted by increases in temperature and changes in
rainfall patterns, which reduces access to energy. By 2030, up to 8.5 million people will
be living in high risk areas (predominantly in Tigray) where they are unable to meet their
household energy needs

e Our planned growth in agriculture is also highly exposed to rainfall variability. Irrigation
plays a role in reducing this exposure, but is also at risk from changing rainfall. Up to
$16.8m of agricultural growth is at risk under driest scenarios due to insufficient
irrigation. A further $S1.4bn of targeted growth has not yet undergone feasibility study,
but appears to be in areas where there is insufficient water supply.

® Universal water and sanitation increases climate resilience by shifting people from using
exposed surface water sources to more resilient sources. However, climate risk
interacts with technology and hydrogeology risks to create ‘pinch points’ for access to
water. Up to 7.3m people in Tigray, Afar and Somali face the highest risk to water access
as they are exposed to multiple ‘pinch points’.
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THE RESPONSE

Power Generation

Strategic Priority 1.1 Diverse energy mix — hydropower production is dependent on
rainfall, so we aim to diversify our energy mix to minimise the generation uncertainty.
This requires some key strategic decisions to ensure that we can deliver a diverse and
stable energy mix. Recent sector reforms need to be fully implemented.

Strategic Priority 1.2 Improve energy efficiency — increasing energy efficiency will
reduce the demand for electricity. Efficient lighting and motors could reduce energy
demand by 7,930GWh in 2030 (12% of total energy sales) and peak power demand by
1,474MW in 2030 (12% of total peak demand).

Energy Access

Strategic Priority 2.1 Improve efficiency of biomass use — reducing the demand for
biomass by increasing fuel efficiency. The National Improved Cookstoves Program can
contribute significantly to reducing demand.

Strategic Priority 2.2 Accelerate non-grid energy access — the Rural Electrification Fund
needs to be enhanced to deliver at scale. Pilot micro-generation projects need to be
funded to demonstrate the potential for mini- and micro-grid solutions.

Irrigation

Strategic Priority 3.1 Accelerate irrigation plans — feasibility and design work needs to
be completed to fully understand the irrigation potential. We will also develop a long-
term action plan, including considering how best to involve the private sector
Strategy Priority 3.3 Support the resilience of rainfed agriculture — we can support the
Ministry of Agriculture by improving data from the National Meteorological Agency.
Strategic Priority 3.3 Balance water demands — Growing water demands need to be
managed and allocated according to the water that is available. We will strengthen
the management and co-ordination of water resource development.

Access to WASH

Strategic Priority 4.1 Accelerate universal access to WASH — we will prioritise delivering
the One WASH National Program by focussing on the most vulnerable.

Strategic Priority 4.2 Enhance the climate resilience of self-supply — additional
approaches and interventions to supplement self-supply, for example: improving local
water storage facilities or participatory water resource management.

Cross-cutting issues

Strategic Priority 5.1 Data systems for decision support — strengthening data systems
so that they provide timely, reliable and usable data to decision makers at all level.
Strategic Priority 5.2 Accelerate delivery of existing plans —a common theme across
the CR Strategy is that most of our existing plans already support CRGE, but we need
to accelerate delivery and implementation. Key bottlenecks are: co-ordination and
streamlining of plans; performance feedback (monitoring implementation);
monitoring gender impacts.
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IMPLEMENTATION

Our strategic priorities will initially require at least $895m up to 2030. Further analysis is
needed to identify the best way of implementing these priorities and for more
comprehensive costing and credible implementation plans. Note that this sum does not
include the significant capital investment needed to deliver the energy and water
infrastructure. The Energy Sector Masterplan Study indicates that around $48bn of
investment in the energy sector alone will be required over a 20 year period.

1.1 Diverse energy mix
1.2 Energy efficiency

2.1 Biomass efficiency $246m
2.2 Off-grid energy

3.1 Accelerate plan
Irrigated agriculture 3.2 Strengthen rainfed agri. $71m
3.3 Balance water demands

4.1 Accelerate access

Power Generation

Access to Energy

LS U L A 4.2 Enhance self-supply $220m
. 5.1 Improve data and systems
LR i tng 5.2 Accelerate delivery $54m
Grand total $895m

Our existing activities already contribute to the Strategic Priorities so we will build on these as
far as possible, integrated with our GTP planning. Once developed, implementation plans will
be financed through several methods:

® CRGE Facility — fast-track funding (2 years) and longer-term financing.
e Other sources — domestic treasury, own revenue and external assistance.

Implementation is not just about money, there are delivery bottlenecks that also need to be
addressed. MoWIE Ministers will review overall progress quarterly, supported by 4 working
groups that will use existing mechanisms as far as possible. The CRGE Ministerial Steering
Committee will continue to review progress and co-ordinate overall CRGE activity across the
entire economy, working with the National Planning Commission to ensure integration with
mainstream national planning and the development of the next phase of the GTP.
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1. THE VISION

For Ethiopia to become a middle-income country by
2025 through economic growth that is resilient to
climate change and results in no increase in
emissions.

KEY MESSAGES

Water and energy are key sectors in Ethiopia’s development. $7.2bn of growth targeted in
the Growth and Transformation Plan depends upon sustainable energy and water supply.
Our key poverty reduction objectives are linked to access to drinking water and sustainable
energy, through freeing up productive time for income generation and for education as well
as enabling progress on maternal and child mortality and nutrition. Access to energy and
water will substantially improve women’s lives and could prevent the loss of 1.2m lives. The
GTP therefore sets specific goals for the energy and water sectors for both growth and
poverty eradication. These can be grouped into the following four main policy areas, which
have been used as the framework for the Climate Resilience Strategy.

ENERGY WATER

Agricultural
Industrial growth productivity and
food security

GROWTH

Access to WASH

POVERTY

The Climate Resilience Strategy for Water and Energy has three objectives:

e |dentify the economic and social impacts of current climate variability and future
climate change on water and energy in Ethiopia (The Challenge).

e |dentify priorities for the water and energy sectors to build climate resilience and
reduce the impact of current climate variability and climate change (The Response).

e Map the necessary steps to finance and implement measures in the water and
energy sectors to build climate resilience in Ethiopia (Implementation) and deliver
an integrated Climate Resilient Green Economy.

NAFCLE 4.8tAP 4.9°Ne-00P &TNAN
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1.1. Ethiopia’s development objectives

The main development agenda of the Ethiopian government is poverty eradication through
broad-based, accelerated and sustained economic growth. Our economic growth and social
development plans are set out in the Growth and Transformation Plan (GTP), which spans three
five-year planning periods (2010-2015; 2015-2020 and 2020-2025). Through ‘Agricultural
Development-Led Industrialisation’, Ethiopia aims to build an economy which has a modern
and productive agricultural sector and a strong industrial sector, ultimately increasing per
capita income of the citizens so as to reach the level of those in middle-income countries by
2025 and to achieve the Millennium Development Goals by 2015. Our major objectives are to:

® Maintain at least an average real GDP growth rate of 11% and attain MDGs

e FExpand and ensure the qualities of education and health services and achieve MDGs in
the social sectors

e FEstablish suitable social conditions for sustainable nation building through the creation
of a stable democratic and developmental state

e Ensure the sustainability of growth by realising all the above objectives within a stable
macro-economic framework

These objectives are ambitious and challenging, but vital for the future of Ethiopia and its
citizens. However, unless steps are taken to build resilience, climate variability and climate
change could reduce Ethiopia’s GDP growth by between 0.5 and 2.5% each yearl. As a worst
case scenario, in 25 years, Ethiopia could have only half the potential total GDP it could have
attained.

To respond to this challenge the Government of Ethiopia launched the Climate Resilient
Green Economy (CRGE) Initiative to help build a middle-income country that is both resilient
to the impacts of climate change and low in greenhouse gas emissions. The Government of
Ethiopia is committed to delivering this vision in line with national and international best
practice, drawing on global experience and sharing lessons with other countries tackling
similar challenges, and has committed domestic public resources to these ends.

1.2. Water and Energy in the GTP

The priority economic growth objectives in the GTP are to increase agricultural productivity
and production as well as to accelerate growth in industrial sectors. Water and energy are
critical enablers and inputs to all of these objectives. In agriculture, the ambitious increases in
crop production and productivity (targeted to grow by around USD 5.2bn from 2010-2015)
are dependent upon sustainable water and energy supply. The textiles, leather, sugar,
cement and steel industries (collectively aiming to grow by USD 2bn from 2010-2015) require
water for washing their products and both energy and water for manufacturing. In total,
sustainable water and energy supply plays a key role in around USD 7.2bn of planned GDP
growth in the GTP from 2010-2015. Alongside directly contributing to the GTP and acting as a

1 World Bank Economics of Adapting to Climate Change
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fundamental enabler of modern economic development, the energy sector plays a significant
role in wider macro-economic stability — nearly 62% of foreign exchange earnings is spent on
petroleum imports?, so reducing imports and increasing forex earnings from energy exports
will improve our balance of payments position. The GTP Il will update these figures, but key
growth sectors will continue to be dependent upon reliable water and energy.

In addition, the key social objectives of the GTP and GTP Il, expanding education and health,
are closely linked to access to drinking water and sustainable energy. This is through freeing
up productive time for income generation and for education as well as enabling progress on
health — particularly maternal and child mortality and nutrition. Access to energy and water

could prevent the loss of approximately 1.2m lives3.

The GTP therefore sets specific goals for the energy and water sectors for both growth and
poverty eradication.

® |ncrease quality electric power supply service coverage

e Modernizing the distribution and transmission system so as to reduce power losses to
international benchmarks

® |ncrease electric power generation and production

® |ncrease quality and access to safe drinking water and improve sanitary services

® Increase medium and large scale irrigation development so as to increase agricultural
products and ensure food security

These can be grouped into the following four main policy areas, which have been used as the
framework for the Climate Resilience Strategy.

2 GTP Annual Progress Report 2010/11
3 Team analysis
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Figure 1 - Main water and energy policy areas in the GTP

1.3. The Green Economy Strategy

The first step in implementing the CRGE Vision was to develop a Green Economy (GE)
Strategy, setting out our plans for developing a low carbon economy in Ethiopia. The GE
Strategy identified and prioritised more than 60 initiatives, which will enable us to achieve
our development goals while limiting greenhouse gas emissions in 2030 to today’s levels (150
MtCO2e). These initiatives would avoid 250 MtCO2e in 2030 with ‘no and low regrets’ (the
abatement cost of most of the options was less than $15/tCO2e). 42% of these savings (104.1
MtCO2e in 2030) come from initiatives relating energy and water:

Electric power

® Energy exports: Exporting excess renewable energy has an abatement potential of up
to 19 MtCO2e in 2030 by reducing emissions in our neighbouring countries.

Green cities and buildings

e Efficient lighting: This initiative has an abatement potential of approximately 5.1
MtCO2e, and is the largest abatement lever in the Green Cities and Buildings sector.

® Waste gas management (biogas): Emissions from landfill and liquid waste can be
reduced by 1.8 MtCO2e in 2030 through the capture of gas.

Forestry/soil

® Reduced forest degradation: Reducing the demand for fuelwood through
dissemination of efficient cooking and baking technologies has a total abatement
potential of around 50 MtCO2e.

NAFCLE 4.8tAP 4.9°Ne-00P &TNAN
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e Reduced deforestation through agricultural irrigation: This includes agricultural
intensification and preparation of new land by means of irrigation schemes. Medium
to large-scale irrigation contributes 9 MtCO2e in 2030.

Industry

® Energy efficiency in the cement industry: The introduction energy efficient
technologies in the cement industry could reduce emissions by more than 5 MtCO2e
in 2030.

e Alternate fuels in the cement industry: An increase in the use of biomass for cement
manufacture can displace fossil fuels and reduce emissions by up to 4.2 MtCO2e in
2030.

Transport

e Alternate transport fuels: Changing the transport fuel mix using a combination of
adding biodiesel to the diesel mixture, increasing the amount of ethanol in the
gasoline mixture, and promoting the adoption of hybrid and plug-in electric vehicles
has a combined abatement potential of nearly 1.0 MtCO2e.

e Electric rail development: Shifting freight transport from road to an electric rail
network would eliminate emissions from the largest source of transport emissions,
avoiding 8.9 MtCO2e. A further 0.1 MtCO2e will be avoided by the Addis light rail.

1.4. The Climate Resilience Strategy

The next stage of implementing the CRGE Vision is to develop Climate Resilience Strategies
for key sectors of the economy. The first Climate Resilience Strategy focused on the
agriculture and forestry sectors (completed in 2014). The Climate Resilience Strategy for
Water and Energy continues this analysis and, integrated with the Green Economy Strategy,
sets the overall MoWIE priorities for implementing the CRGE.

1.4.1. Aims of the strategy

Climate resilience is the ability to cope with, and manage the change brought by weather
stresses and shocks. A climate resilient economy is one in which the negative impacts of
climatic variability and climate change are minimised and the opportunities realised so that
the national growth and development objectives of the country are achieved and sustained.

In light of this and given the key role of water and energy in the GTP, the Climate Resilience
Strategy for Water and Energy has three objectives:

e Toidentify the economic and social impacts of current climate variability and future
climate change on water and energy in Ethiopia (The Challenge).

e Toidentify priority ways that the water and energy sectors can build climate resilience
and reduce the impact of climate variability and climate change (The Response).
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® To map the necessary steps to finance and implement measures in the water and
energy sectors to build climate resilience in Ethiopia (Implementation) and deliver an
integrated Climate Resilient Green Economy.

1.4.2.Developing the strategy

The Ministry of Environment and Forest (MEF) is the lead agency for the coordination of the
overall CRGE through the CRGE Ministerial Committee. Federal Ministries are responsible for
individual sector Climate Resilience strategies, so the Ministry of Water, Irrigation and Energy
(MoWIE) has led the development of the Climate Resilience Strategy for the water and
energy sectors. The strategy was developed and approved under the guidance of a MoWIE
steering committee, involving the State Ministers and the Directors.
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2. THE CHALLENGE

To achieve our development goals in the face of an
uncertain, complex and changing climate.

KEY MESSAGES

Key planning assumptions are used to account for uncertainty. Ethiopia has one of the most
complex climates in the world, therefore, based on the available data, we have defined a
set of climate planning assumptions:

Continued increases in temperature across the country. Mean temperatures have
been increasing and are likely to continue to do so with climate change.
Year-to-year rainfall variability is the most significant climate variable and is likely to
increase — meaning more uncertain rainfall and more frequent extremes in future.
Historic rainfall variability outweighs long-term future rainfall trends — there is up to
68% difference between a ‘wet’ year and a ‘dry’ year in some regions.

Parts of the country could see changes in seasonal rainfall at key times in the year.
This could have major impacts on rural livelihoods and food security, particularly in
Somali, South Oromia and parts of SNNPR.

These trends have implications for the water and energy sectors:

Cross-government partnership is required. Several key areas lie outside of MoWIE’s
sole responsibility and require partnership with other Ministries.

Current plans provide sufficient reserve power generation to cope with climate
change, but at an opportunity cost of $208m/year in 2030 (through lost export
potential). However, the grid could be severely strained by the driest scenarios — a
1in 50 year event could require 86% of reserve generation.

Woodfuel availability could be impacted by increases in temperature and changes
in rainfall patterns, which reduces access to energy. By 2030, up to 8.5 million
people will be living in high risk areas (predominantly in Tigray) where consumption
outweighs supply and climate risk is high.

Changes in rainfall will impact irrigation, which is key for agricultural growth. Up to
$16.8m of agricultural growth is at risk under driest scenarios. A further $1.4bn of
targeted growth has not yet undergone detailed feasibility study, but appears to be
in areas where there is insufficient water supply.

Access to WASH increases climate resilience by buffering against rainfall variability.
However, climate risk interacts with other risks to create ‘pinch points’” water. Up to
7.3m people in Tigray, Afar and Somali face the highest risk to water access as they are
exposed to multiple ‘pinch points’. Sanitation and hygiene; and urban water supply
risks require further assessment in collaboration with the Ministry of Health, the
Ministry for Urban Development and the relevant administrations.

NAFCLE 4.8tAP 4.9°Ne-00P &TNAN
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2.1. Current climate

Ethiopia has one of the most complex and varied climates in the world due to its location
between several climate systems and its diverse geography. Understanding and
characterising this climate is complex, but for the purposes of this strategy, we have focused
on three key aspects:

® Month-to-month variability — how climate variables change within a year.
® Year-to-year variability — how climate variables vary across years.
® Longterm trends —how climate variables change over decades.

There are many climate variables to consider, however this analysis focuses on the two key
climate variables for water and energy: temperature and rainfall.

®* Temperature. Temperature affects demand for both energy and water as well as the
amount of water that evaporates from the earth’s surface or that plants consume
(evapotranspiration). Temperature is also an important factor for agricultural
productivity.

e Rainfall. Agriculture in Ethiopia is largely rainfed, so is heavily dependent on rainfall,
which makes rainfall a very significant climate variable. Furthermore, hydropower will
be a major contributor to our development objectives, and requires rainfall and
surface water flow. Finally, over 80% of Ethiopia’s population is rural, and the majority
of rural livelihoods are water dependent, which also makes rainfall a critical factor in
poverty reduction.

The next section looks at the key trends in each of these variables in turn, for both the
current climate and future climate change.

2.1.1.Historic temperature

Figure 2 below illustrates the three ways of looking at temperature data. The chart on the left
shows that from month-to-month, temperature variation across Ethiopia is relatively limited
—around 4°C between the hottest and coolest points in the year. This pattern is reflected
across all regions. The middle chart shows that year-to-year there has been some fluctuation
around the mean temperature — at most around +0.8°C from the long term trend. The final
chart shows that when looking at 10-year trends, over the last 30 years there has been a
steady increase in the long-term mean temperature of around 0.8°C. This represents a
significant and consistent warming across Ethiopia and indicates that what was considered an
extreme temperature year in 1985 (0.8°C above the average) can now be considered
‘normal’. Regional level analysis shows a similar trend in all regions, although with different
absolute average temperatures.
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| Observations are consistent at a regional level

1 Averages extrapolated for 7% of missing data-points, Northwest includes Addis, Debre Markos, Bishoftu, Dire Dawa, Gondar, Northeast
Combolcha, Mekele, Metehara, Gore, Jimma, Lekemte, and Southeast Arba Minch, Awassa, Gode Met, Neghele, Robe Bole

Source: NMA

Figure 2 - Historic temperature trends in Ethiopia

2.1.2.Historic rainfall

Month-to-month rainfall patterns differ across the country depending on geography. As a
result there are broadly three hydrological regimes:

e West: One long rainy season, kiremt (June-Sept)

e Central and Eastern: Kiremt (June-Sept) as the main rainy season, preceded by smaller

belg rains (March-May). There is a short hot, dry period known as bega (October-
January)

e South and South-Eastern: February-May being the main rainy season (gu) separated

from a secondary rainy season deyr (October-November) by two pronounced dry
seasons

These three regimes are reflected in Figure 3 below that shows historic average month-to-
month rainfall patterns.
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Figure 3 - Historic month-to-month rainfall variability

Figure 4 below shows how much the rainfall each year differs from the average rainfall
(known as the rainfall anomaly). It shows that year-to-year variability is stark, particularly in
the South and South-Eastern regime, with annual rainfall varying between +36% and -25% of
the mean. Hydrological variability is one of the most significant climate variables for Ethiopia.
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Source: NMA

Figure 4 - Historic year-to-year rainfall variability

However, the long-term rainfall trend is inconclusive (Figure 5) — there is no clear change in
the long-term mean rainfall. It is important to note that this may be because the year-to-year
variability is so significant and therefore makes it difficult to detect underlying trends. Local
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differences may also be masked, for example, recent studies (FEWSNET 2012) indicate a long-
term drying trend in the South which is likely to persist for at least the next decade.
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1 Averages exirapolated for 7% of misaing data-points. West includes Debre Markos, Gondar, Gore, imma, Nekemte. Central and Easternincludes
Addis Ababa, Awassa Comboicha, Debre Zea, Dire Dawa. Mokele, Metehara, Robe. Scuth and South-Eastenincludes Arba Minch, Gode. Neghele

Source: NMA

Figure 5 - Historic long-term rainfall trend

Overall the figures above show that Ethiopia has strongly seasonal and regionally distinct
rainfall patterns, with high overall rainfall variability from year-to-year. There is not enough
evidence to identify a clear long-term historical trend of overall rainfall increasing or
decreasing. This may mask more local trends in rainfall and further work is needed to fully
understand these patterns, but although there is uncertainty about the long-term trend, it is
clear that year-to-year rainfall variability is the most significant factor.

2.2. Future climate
2.2.1.Modelling the future climate envelope

As with any future issue, predicting climate change impacts is inherently uncertain and a
single model only represents one possibility. In order to address this uncertainty, this analysis
used a set of 10 climate models (known as an ensemble), downscaled to national level (based
on the IPCC A2 SRES emissions scenario). These 10 models give an illustrative ‘envelope’ of
feasible outcomes (see Annex A for full details of climate methodology). The following
analysis uses the upper and lower limits of the ensemble of models. It should be noted that
this approach does not indicate whether each of these outcomes are more or less likely than
the others, instead it only gives a broad indication of possible futures. Whilst imperfect, this
approach is suitable for identifying broad trends and risk areas.

2.2.2.Future temperature

There is a relatively high degree of certainty about temperature changes due to climate
change. The climate models all agree on an overall increase in temperatures across the
country and at regional scale, with a decrease in variability of temperatures. However, the
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models indicate different degrees of warming, ranging from +0.8°C to +2.7°C increase in the
mean annual temperature. The models all indicate a significant reduction in variability (at
least a halving of standard deviation). Therefore, overall, the models point to warmer and
more consistent temperatures across the country.
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1 Monthly mean- Averages extrapolated for 7% of missing data-points, Northwest Addis, Debre Markos, Dire Dawa, Gondar, Northeast
Comboicha, Mekele, Metehara, Southwest Gore, Jimma, Lekemte, and Southeast Awassa, Gode Met, Neghele, Robe Bole,
2 Model MRI CGCM3 2a for coldest. CCCMA CGCM 3.1 and CNRM CM3 for hottest

Source: NMA, Agriculture CR Strategy

Figure 6 - Future temperature envelope under climate change

2.2.3.Future rainfall
Seasonal rainfall patterns may change significantly in some regions

Rainfall is much more complicated to predict and there is less certainty of overall trends. The
climate models indicate that under some scenarios, there may be significant changes in
seasonal rainfall in some regions (see Figure 7).

e There will be broadly similar seasonal (i.e. month-to-month) rainfall patterns in the
West in future, with any changes in annual rainfall being spread across the year.

e However the Central and Eastern region may see some shifts in monthly rainfall
patterns. The wettest scenarios indicate an increase in rainfall outside of the main
kiremt rains. However, the driest scenarios indicate that there could be a shorter
kiremt period with less rain overall and more significantly that the smaller belg rains
may be reduced or even lost altogether.

® The models show a diverse range of outcomes for the South and South-Eastern
region. The wettest scenarios indicate that the main gu rains could come earlier and
that deyr rains could be longer. The driest scenarios indicate a drastic fall in the main
gu rains, which could have major consequences for food security Somali, Amhara and
SNNPR.
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Figure 7 - Future month-to-month rainfall envelope under climate change

The belg and gu rains are a critical factor for food security and livelihoods and their failure
has serious impacts on communities in the South and East of the country (mainly in Somali
region and in the south of Oromia and SNNPR# — see Figure 8). Shifting of the gu rains would
require a change in planting patterns to ensure food security.
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Figure 8 - Cropping and agropastoral areas (Source: The Livelihood Atlas for Ethiopia)

Year-to-year rainfall variability is likely to remain high

Year-to-year variability is likely to remain high and the models all indicate a broader spread of
this variability, which implies that Ethiopia is likely to see an increase in both extremes of

4 FEG Consulting (2011), The Livelihood Atlas of Ethiopia. p16.
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rainfall (see Figure 9 — the flattening of the curve indicates more extremes) and a broader
range of rainfall.

Long-term mean rainfall may change in some regions

When it comes to the long-term mean rainfall, the models disagree significantly about the
degree and direction of overall rainfall levels. The models show a range of outputs varying
from a reduction in rainfall of 25% to an increase of 30% - this means that no firm
conclusions can be made about whether Ethiopia as a whole will be drier or wetter in future.
However, closer regional analysis shows varied impacts in different parts of the country.

In the West, the models range from a -37% decrease to a +13% increase in mean rainfall (in
Figure 9 the location of the peak of the curve shows the mean). The wettest scenarios show a
slight decrease in variability, but the driest scenario indicates an increase in variability. The
models indicate that both the Central and Eastern and the South and South-Eastern regions
are likely to be wetter on average (21-43% and 35-63% respectively), but with an increase in
variability.

However, these figures need to be seen in the context of historic rainfall variability — the
Central and Eastern region has seen differences of as much as 28% of the mean between a
‘dry’ year and a ‘wet’ year. The South and South-Eastern region has seen as much as 62%
difference between the driest and wettest years. (See Figure 4). This implies that historic
rainfall variability is a more significant factor than the long-term trend in mean annual
rainfall. In addition, only considering the annual rainfall levels is misleading as the analysis of
seasonal rainfall above indicates some potentially serious changes in key seasonal rainfall
patterns.
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Figure 9 - Future year-to-year and long-term mean rainfall envelope under climate change
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Overall, year-to-year rainfall variability will remain the most significant climate challenge
although some regions may face significant changes in seasonal patterns.

The three dimensions of rainfall set out above need to be considered as a whole.

® The West rainfall region may see anything from a 37% decrease to a 13% increase in
overall rainfall.

® The rest of country could see significant seasonal rainfall pattern change at key times
in the year (belg rain for the Central and Eastern region; gu rains for the South and
South-Eastern).

e Across the country, year-to-year variability is high (28% to 62% differences between a
‘dry’ and a ‘wet’ year) and is likely to increase — this will mean more uncertain rainfall
and more frequent extremes.

e |ong-term changes in mean annual rainfall are less significant than the year-to-year
rainfall variability. Although the models indicate that parts of the country will be
wetter overall, this is outweighed by the high annual variability and the potential
shifts in seasonal rainfall.

2.3. Conclusions and climate planning assumptions

Climate science and data are constantly evolving so the details of the analysis above will
continue to be refined. There are also challenges and limitations to the analysis (see Annex),
but there are clear messages coming through. In particular:

e thereis a clear upward temperature trend across the country

® year-to-year rainfall variability will continue to be a significant stressor

® climate change could significantly affect belg and gu rains in the Central & Eastern and
the South & South-Eastern regions.

Uncertainty about future climate change must not be interpreted as uncertainty about the
need to act now. In order to take practical steps in the face of uncertainty (particularly
around rainfall), it is necessary to make clear planning assumptions, based on the best
knowledge to date, but these must be regularly tested and updated as understanding
improves. Therefore, for the purposes of this strategy and the policies that flow from it, the
following underlying planning assumptions are made based on the available analysis.
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Figure 10 - Climate planning assumptions (2046-2065)

2.4. Implications for development in Ethiopia

These planning assumptions have been mapped to the water and energy sector, and the
subsequent implications for economic growth and poverty reduction are highlighted below.
This qualitative illustration of the potential impacts was used to identify key areas for more
detailed analysis.
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Figure 11 - Key water and energy vulnerabilities to climate change

Other studies have also identified significant impacts of climate change on Ethiopia’s
economic and poverty reduction objectives. The Climate Resilience Strategy for Agriculture
estimated that the worst case scenario could negatively impact GDP by 10% or more by 2050.
The recent Economics of Adaptation to Climate Change study (EACC) concluded that impacts
were felt through three main channels: agriculture, roads, and dams. Although the 4
scenarios used in the EACC study are different from the ones used in the CR Strategy for
Water and Energy, the identified losses are significant, ranging from around 1% reduction in
GDP to over 10% (see Figure 12).
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Figure 12 - Potential impacts of climate change on GDP in Ethiopia (World Bank)
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2.4.1.ldentifying priority sub-sectors

To assess the practical implications of climate change impacts for the water and energy
sectors, the climate planning assumptions were applied to MoWIE’s existing plans and
activities. The Ministry of Environment and Forest is leading the Government of Ethiopia’s
efforts to define suitable indicators of vulnerability and resilience under the CRGE. While
these standardised indicators are being developed, this strategy has adopted two dimensions
of vulnerability:

® Vulnerability of economic growth: How will economic growth objectives be affected by
climate? How much economic value is at risk?

® Vulnerability of poverty reduction: How are our objectives to increase household
incomes and reduce poverty affected by climate?

We assessed the exposure of the key water and energy sub-sectors (see Figure 1) to the
above climate impacts and identified specific risk areas. This focused on the direct economic
risks but where appropriate, includes a qualitative assessment of indirect social risks
(principally via impacts on household income).

ENERGY WATER

g Agricultural

o Industrial growth productivity and
% food security

£

] Access to WASH
o

o.

2.4.2.Power Generation (Industrial growth)

Ethiopia’s power is currently generated almost entirely from hydropower (see Figure 13). We
plan to meet anticipated electricity demand by scaling up renewable generation capacity in
Ethiopia, particularly through the expansion of hydropower. Our draft plans are to increase
from 2,178 MW installed capacity today to approximately 24,092 MW of available capacity®
by 2030 and further diversify the energy mix to reduce dependence on hydropower (in
recognition of the vulnerability of hydropower to rainfall variability). This will enable Ethiopia

S Installed hydropower capacity is the theoretical maximum that the system can produce, in reality, the actual
generation capacity is lower due to the seasonality of rainfall. 2030 figures are therefore based on the ‘very dry’
hydrological conditions modelled the Power Sector Expansion Masterplan Study, which uses the 3 driest years
of the last 45 and therefore assumes a worst case generation scenario.
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to meet future domestic peak demand (estimated at 14,213 MW by 2030) and export
additional electricity (coincident maximum demand estimated at 3,655MW by 2030) to
provide a critical source of foreign exchange income and support regional integration®.

Power generation capacity ‘ Demand forecast, 2030
Myw B Hydro M Wwind GWh
B Other M Solar
B Geothermal Gas Households 11,173
24.092 Industry 31,694
A 4%

10% Commercial’ 11,853

4% 3
=19 WAR Agriculture 9.494

Domestic demand - 64,214

Exports 32,018
- Losses | 9,595
Total demend | 105,627
2012 2030
ot ohaa Maximum demand 17,868MW

reference case

1 Commercial figures include: commercial, streetlighting and transport sectors
2 Other sources include Diesel, Biomass, Sugar and Energy from Waste

Source: EEPCO Masterplan report 2013; MoWIE Energy Study and Development Follow-up Directorate data

Figure 13 - Current and future generation capacity; Load forecast, 2030

There are currently 12 fully commissioned hydropower plants with a total installed capacity
of 1,945 MW, amounting to an average generation capability of 8,629 GWh/year. The Gibe IlI
hydropower plant (1,870 MW) has been completed and will soon be commissioned. Two
major hydropower plants, Grand Ethiopian Renaissance Dam (6,000 MW), and Genale Dawa
Il (254 MW) are currently under construction with additional capacity from these plants
expected to come online in the coming months.

6 Ethiopia Power System Expansion Masterplan Study Volume 3: Generation Planning.
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Source: Ethiopia Power System Expansion Masterplan Study
Figure 14 - Locations of current and planned hydropower dams
Analytical approach

Hydropower is heavily dependent upon rainfall whereas geothermal is well insulated from
climate change. Wind and solar may be affected, but there is currently insufficient data to
estimate future changes in wind and solar due to climate change. Based on this, and given
the prioritisation of hydropower in the Green Economy strategy, the analysis concentrated
on hydropower as it is the generation source most exposed to climatic variability and will
continue to be the single largest power generation source, accounting for around 70% of
capacity in 2030.

The vast majority of current and planned hydropower plants are in three river basins: Abbay,
Omo Gibe and Baro Akobo (see Figure 14). A simplified model of the two main hydropower
basins (Omo Gibe and Abbay) was constructed, based on two representative dams, one
under construction (Gilgel Gibe Ill) and one planned (Karadobi). The climate data above was
used to assess the potential impacts of climate on future power generation (see Annex B for
full details of methodology and the limitations of this analysis).
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Figure 15 - Hydropower projected installed capacity, 2030

Value at Risk

In a hydropower dominated country like Ethiopia, the generation system is constrained by
energy rather than capacity (i.e. sustained low flow periods mean that the limiting factor is
the amount of energy that can be produced rather than the generation capacity available).
Therefore, we have analysed the impact of climate variability on both generating capacity
and the amount of energy that can be generated — building on the Masterplan Study.

The Power Sector Expansion Masterplan study models hydropower generation under dry
hydrological conditions (labelled HC1, the average of the three years with the lowest total
hydro generation out of the last 45) and average hydrological conditions (labelled HC3, the
average of the remaining 42 years). As Figure 16 shows, hydropower capacity is not
significantly affected by dry conditions, however energy generation in the dry season is
heavily affected by changing hydrological conditions. This illustrates that hydropower
systems are energy constrained rather than capacity constrained.
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Figure 4-14: Average monthly capacity and energy capabilities for HC1 and HC2
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Figure 16 - Impact of dry conditions on hydropower capacity and energy production

In 2030, the driest scenario would see an expected reduction in generation of around 3,328
GWh’ — this represents around 3% of total demand and is manageable within the overall
reserve margin (35%), so could be easily met through reserve generation. However, it does
represent an opportunity cost of $208m/year in 20308 (in the form of lost potential energy
exports). Given that this scenario represents the worst case, the general climate risk to
generation is relatively low. Under some scenarios there could be an increase in energy
production, with only the driest scenarios showing a significant increase in value at risk.

However, given the degree of rainfall variability in Ethiopia, extreme events require closer
consideration —under almost all the climate scenarios there is a risk of high-impact events
which could severely affect generation. In the worst-case (under the driest scenario), one
year in every 50 years, energy production could be reduced by up to 32,000 GWh — (around
86% of reserve margin). Although the probability of this type of event is low, it would strain
the electricity system and could lead to unmet demand. In addition, the opportunity cost
could be up to $2bn/year in 2030. Other scenarios see a much lower risk of generation
shortfalls: 16,644GWh (an opportunity cost of S1bn) for the average future climate scenario
and zero for the wettest scenario.

7 This is the equivalent continuous power. This is a weighted average of lost capacity by probability
8 Assuming export value of 6.25¢c/kWh
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Figure 17 - Implications of climate scenarios for hydropower generation

Impacts on Poverty

At a household level, electricity makes up a relatively small proportion of energy (per capita
electricity consumption was 100kWh in 2010 and is heavily skewed towards cities, this is less
than a fifth of the average for sub-Saharan Africa) — even with the Universal Electricity Access
Program, biomass will continue to be the main way of meeting household energy needs.
Therefore, the climate risks to power generation are not likely to have a significant direct
impact on household income or expenditure (and therefore consumption). However, if
additional costs to the energy sector are passed on to consumers through tariffs, this would
lead to increases in the cost of electricity for the increasing number of those that do have
access (more than 80% of the population by 2030). Any impacts on Government revenues
(for example through a loss of electricity exports) may also have spillover impacts on poverty
through affecting government expenditure. Furthermore, there may be local environmental
and social impacts in the construction of generation assets that should be fully considered
and evaluated through Environmental and Social Impact Assessments.
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2.4.3.Energy Access

On-grid electric power is only one component of Ethiopia’s energy challenge. Most
households still rely on traditional fuels for their domestic energy needs; biomass is currently
the largest fuel source to meet energy needs and will still account for 72% of total final
energy consumption by 2030. Domestic energy requirements are mostly met from wood,
animal dung and agricultural residues. About 81% of the estimated 16 million households use
firewood, 11.5% use leaves and dung cakes while only 2.4% use kerosene for cooking®.

Rural electrification (through extending the grid and off-grid options) alone will not be able to
meet current domestic energy needs for two main reasons. Firstly, affordability is a major
factor for rural energy access — access to electricity does not necessarily mean that
households can pay for the electricity or off-grid equipment. Secondly, although households
may introduce electric lighting or mobile phone charging, they are not likely to switch to
electric cooking immediately — even if an electric stove is bought, it is not likely to fully
replace existing cooking sources due to traditions, habits and the cooking needs of different
food. Therefore understanding biomass supply and consumption remains critical for meeting
household energy demands and for assessing climate resilience.

Analytical approach

Rainfall variability and high temperatures can negatively affect tree growth rates and
therefore biomass yield through increasing water stress. However, the sustainability of
biomass usage is not just driven by climate change. Population growth, land-use change and
deforestation are major drivers. Therefore, to develop a baseline, we assessed the current
balance of biomass consumption and yield (using the Biomass Energy Strategy) and
compared this to the available stocks. Future biomass demand in 2030 was then projected
using population growth estimates. Finally, future biomass demand was mapped against
exposure to rainfall variability to provide a basic qualitative estimate of risk (based on the
simplified assumption that droughting reduces wood yield).

Sophisticated climate-forestry modelling could provide more detailed information about the
impacts of climate change on forest growth, however given the scale of other drivers, a
simplified approach was deemed more appropriate at this stage. A more detailed assessment
of the impact of climate change on biomass yield could be an area for future analysis, in
conjunction with other Ministries responsible for land-use and forestry.

Value at Risk

Current levels of biomass consumption are largely sustainable, which can be attributed to the
substantial afforestation efforts of the past decade. However, Tigray and Afar regions look to
be depleting their stock in an unsustainable manner at present.

9 Biomass Energy Strategy
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Future population growth is likely to strain this situation, particularly in Oromiya, Amhara and

Figure 18 - Biomass consumption and yield by region, 2013

Somali where population growth is likely to increase demand to unsustainable levels.
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Climate change is a further stress factor and when combined with population pressure, by
2030, an estimated 8.5 million people could be living in high risk areas, where consumption
outweighs supply and climate risk is high. This is predominantly in Tigray, where biomass
stocks are limited and there is a high risk of negative climate impacts.
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stock 520 | Oromiya = More efficient use
remaining? | Y*¥° 0.8 in SNNPR of biomass can
2.0 contribute
. ) significantly to
0.7 in Somali reducing their
Py 0.9 in Tigray vulnerability
years
07 [ 0 | 1.6 |
Low Medium High
Climate risk’
1 Regions have been categorised based on how much the 5™ p tile of mini | rainfall changes under the driest edge of the

climate envelope. Where low is <10%, medium is 10-20% and high is >20%
2 Assumed deficit to stock ratio of 20% = 5 years, Note: No data available for Somali or Addis;

Source: BEST strategy; Cookstoves investment Plan for 2015 and 2030. CSA ICPS Population forecast 2012

Impacts on Poverty

Lack of access to modern energy services which has a significant negative impact in a number
of areas:

e (Collection time — Households spend on average 300 hours/year and up to 3,796
hours/year collecting firewood, mainly by women and girls. This is time that could be
better spent on education, employment or raising a family.

e Health — Traditional biomass fuels are smoky, which significantly affects health. The
WHO estimates that indoor air pollution is responsible for 72,400 deaths annually or
31 DALYs10/1000 annually. This disease burden is mainly felt by women, so addressing
it has a particular impact on gender.

Providing clean, sustainable modern energy services would therefore have multiple impacts
on poverty reduction. Measures are already underway to improve fuel use efficiency,
including the National Programme for Improved Household Biomass Cook Stoves
Development and Promotion (referred to as the National Improved Cook Stoves Programme,
NICSP) and the National Biogas Program for Ethiopia (NBPE). The NICSP in particular was

10 Disability-Adjusted Life Year —this is a measure of overall disease burden, expressed as the number of years
lost due to ill-health, disability or early death.
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prioritised in the Green Economy Strategy and aims to improve fuel efficiency by distributing
30m cookstoves by 2030. If it achieves this objective, the cookstoves plan will reduce the
number of people consuming biomass at unsustainable rates to zero as well as providing a
host of other health, productivity and emissions benefits (reducing GHG emissions by around
50MtCO2e).

People living in zones consuming biomass at unsustainable rate’, ‘m
people

Without cookstoves programme

; B With cookstoves programme

] * The cookstoves investment
81 |/ plan has a goal of 30m
cookstoves nationwide

= If rolled out effectively, this
could mean that no regions
are consuming biomass at
unsustainable rates

= Failure to fully deliver this
programme will result in up to
> 13.1m people being at risk
1Y)
2013 2030

1 Analysis has excluded urban areas which are always in deficit due to a reduced supply

Source: BEST strategy; cookstoves investment plan; CSA

Figure 19 - Fuel efficiency can reduce risk
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2.4.4.Irrigation (Agricultural productivity and food security)

The GTP plans for agriculture are supported by the expansion of the existing 237,156 ha of
active irrigation projects to 1.8 million ha by 2015 (a shift from 0.4% to 3.3% of total arable
land). IWMI estimates that irrigation contributed around 12% of Ethiopia’s agricultural GDP
and 4% of its total GDP in 201011, which will increase substantially when the GTP plans are
delivered. MoWIE has three policy objectives for medium to large scale irrigation (MoA leads
on small-scale irrigation):

e Enhancing national food security
® Job creation and employment
® Providing raw materials for agro-industry (e.g. textiles and sugar).

Our GTP irrigation targets are distributed between the Federal and Regional governments as
well as the private sector (see Figure 20).

Medium/Large-scale irrigation targets

‘000 ha, by 2015 €&% Cumulative proportion, Percent
Existing schemes . B Operation
(in 2013) 237 @»

....... R T R e it . study and design

276
Federal . [ cConstruction

overnment
? I 154 @ Rehab

Sugar corporation 200 9
Regional .
government ) @

Private . 230

sector !
I 115

Total 1,767

Source: MoWIE GTP Report 2014
Figure 20 - Irrigation targets for 2015

For the next 5-year phase of the GTP, a total of 5 million ha of irrigable land (approx. 9% of
total arable land) across 176 sites have been identified for further assessment and feasibility
study under the GTP Il. These are in varying stages of development.

1 Hagos, F.; Makombe, G.; Namara, R. E.; Awulachew, S. B. 2009. Importance of irrigated agriculture to the
Ethiopian economy: Capturing the direct net benefits of irrigation. Colombo, Sri Lanka: International Water
Management Institute. 37p. (IWMI Research Report 128)
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Large and medium scale irrigation identified

5,090 = 176 identified
sites make up
the ~5m ha
target

= Small scale
irrigation (not
1,767 included here)
is expected to
make up less

237 than 18% total
irrigation in
2013 2015 2020 GTP-2 2020
current plan

Source: MoWIE, MoARD, IWMI, team analysis

Figure 21 - Identified irrigable land
Analytical approach

The identified irrigation sites use both groundwater and surface water sources, and a variety
of head works. Insufficiently detailed data on groundwater availability and recharge restricts
the ability to carry out a comprehensive analysis of groundwater schemes at this stage.
However, given that groundwater is typically less vulnerable to climate change than surface
water, the decision was made to focus analysis on surface water irrigation schemes, which
represents 95% of the planned projects and approximately 60% of the irrigable area
identified. Although the focus for this analysis was on surface water, future analytical work
should also assess the vulnerability of groundwater based irrigation schemes, particularly
given the scale of some of the planned groundwater projects (550-750,000 ha).

The surface water projects were categorised according to how advanced they were. Where a
detailed design or feasibility study was available, the project was examined in more detail to
assess whether inflows under different climate scenarios were sufficient to meet irrigation
demands. The value-at-risk was then extrapolated to the remaining projects.

Value at Risk

The Climate Resilience Strategy for Agriculture indicates that the impact of climate change on
agriculture could range from a modest increase in GDP of 1% by 2050 to a significant fall in
GDP of 10% or more by 2050. Other studies indicate that GDP per capita could fall by 30%
from the impacts on agriculture and livestock by 2050 (Gebreegziabhre, 2011). The Climate
Resilience Strategy for Agriculture identified irrigation as a critical response to climate change
for both smallholders and industrial agriculture. Without appropriate assessment, irrigation
can also contribute to over-abstraction of groundwater, therefore well-designed irrigation
systems and improved water storage facilities play a role in reducing climate risks.
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However, less than 10% of the planned irrigation projects Stage of Irrigated area
i : T ject: 000 HAs
have reached the detailed design or feasibility stage. Of PropEt®
those, 2 could be at risk of delivering insufficient irrigation Detailed design 2,954
o ‘ or feasibility study 277(9%)

flows under the driest climate scenarios, which would put
around $16.8m of crop value at risk in 2030.

474

Pre-feasibility (16%)

585
(20%)

Some of the remaining projects that are at an earlier Reconnaisance

stage appear to require more water than is available. An
estimated $1.4bn of targeted growth could be at risk
because the identified irrigation sites are in areas where
there is insufficient water supply. Plans are in place to
assess the identified sites in more detail, but it would
appear that more suitable sites need to be identified in
some cases in order to meet our irrigation objectives and
support the GTP.

Master plan
identification

MoWIE GTP-2
surface water
proposals

Net water demand/supply’ Value of planned crops

Water source

$m per year $m per year

Tebel 12,034%

Weyib 5,408%

Deyou 3,236%
Welmel River 210% =
Gilo River | 168%

Megech River 98%

Lake Tana & Beles River |34%

Ribb River 34%

Yadot River 33%

Baro River 32%

Omo River 31%

Angar River 19%

Guder River 19%

Gumara River 18%

Tekeze River 13%

Angereb River 12%

Beles River 10%

Diddessa River 4%

Gilgel Abay River 4%

1 Assumes 10-12K M3 water per ha for highlands, 15-20K forlowlands and sugar or cotton
Source: MoWIE

Impacts on Poverty

Overall, irrigation development will contribute to poverty reduction through increased food
security, job creation (one hectare of irrigation can generate to 30 jobs) and increased
agricultural productivity. Irrigation projects are planned to provide a minimum volume
reserved for local community use, which will contribute to livelihood sustainability. However,
there may be unintended negative impacts on local communities, which should be evaluated
through Environmental and Social Impact Assessments, and effective water resource
management policies need to be in place to avoid over-use of resources.
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2.4.5. Access to Water, Sanitation and Hygiene

The Government of Ethiopia has the ambition of achieving universal access to water and
sanitation by 2020, as a central part of its poverty reduction ambitions. We have developed a
sector wide approach with our development partners to co-ordinate the delivery of this,
called the One WASH National Programme and through the Sanitation and Water for All
Partnership, we have made several sector-wide commitments in order to reach our goals!2.

Improved water sources are more resilient to climate than unimproved sources!3, so
delivering universal access to WASH will contribute to climate resilience. This is generally
because most improved sources are buffered from rainfall through groundwater (although
spring sources and surface water remain exposed). On the other hand, access to WASH can
be impacted by climate. These impacts are complex and varied, but are felt through both
supply and demand. Based on the climate planning assumptions, there are three potential
impacts on water:

e Reductions in seasonal rainfall reduce surface water flow and long-term reductions in
rainfall can reduce groundwater levels.

e However, an increase in the intensity of rainfall can also increase groundwater
recharge. Recent studies have shown that rainfall intensity is a much better indicator
of groundwater recharge than overall rainfall14.

e Temperature rises increase water needs and thermal stress. Increasing temperature
also increases evaporation and transpiration, which reduces the amount of water
available for productive use.

The impacts of climate on sanitation and hygiene are less well understood at this stage, and
have not been assessed. This is an important area for further work in partnership with the
Ministry of Health, who lead on sanitation.

Analytical approach

Climate is only one risk to access to water. The significance of climate stresses depends not
just on the technologies used but also the hydrogeological situation. For example, areas with
accessible groundwater and high recharge rates are better buffered against rainfall variability
than areas with deep and isolated groundwater. For this reason, it is not possible to isolate
climate vulnerability from wider factors, therefore, we assessed regions on three dimensions
of vulnerability (based on the recently completed National WASH Inventory, and the One
WASH National Program):

e Technology — what technologies are being used and are planned? Surface water
sources are more vulnerable (which is particularly significant for towns that depend

12 For full details, see: hitp://sanitationandwaterforall.org/report _card/ethiopia
13 WHO (2010) Vision 2020

14 Owor et al (2009) Rainfall intensity and groundwater recharge: empirical evidence from the Upper Nile Basin.
doi:10.1088/1748-9326/4/3/035009

NATEKE 4.8%0AP 4PhO0P &TNAN
Page |31



heavily on surface water). Although technologies that use groundwater sources are
generally more resilient, this is not the case where there is difficult hydrology.

e Hydrogeology — what type of groundwater is available? Does it have high
transmissivity and recharge rates? Or is it in crystalline basements? Is there sufficient
storage to buffer rainfall variability? This was based on recent mapping by the British
Geological Survey of groundwater resilience to drought.

e Climate risk — which areas are at risk of the most drying under the climate planning
assumptions?

The analysis highlighted that several cities and town rely heavily on surface water or springs,
including Nazret/Adama (100%), Lekemte (100%), Mathara (100%), Awassa (100%) and Addis
Ababa (58%). More detailed analysis of climate risk in these cities and towns is required in
partnership with the relevant city administrations and the Ministry of Urban Development.
Therefore this analysis concentrates on rural water risk.

Value at Risk

When looking at the interaction of risks to water access in 2030, a complex picture of risk
emerges, with three ‘pinch points” where risk is highest (highlighted in red in Figure 22):

® Technology increases exposure to climate risk: There are up to 1.3m people in Dire
Dawa, Harari, Tigray, Afar and Somali who are at high risk because they are using low-
resilience technologies and are exposed to high climate risk. Although there are a
further 4m in Oromiya and SNNPR who are using less resilient technologies, they are
not exposed to significant rainfall variability so are less vulnerable.

® Hydrogeology undermines self-supply: Around 1.6m people are at risk because they
are using dug wells in areas with difficult hydrogeology and high exposure to climate
risk. Although around 7.7m in Amhara will be using dug wells, the hydrogeology
means that dug wells in these areas are likely to be less vulnerable to climate.

® Hydrogeology undermines resilience of tubewells: The final ‘pinch point” is where
difficult hydrogeology increases vulnerability, even where resilient technologies (i.e.
tubewells) are available. Up to 4.6m people in Tigray, Afar and Somali fall into this risk
category, where even tubewells may not be sufficient to protect against climate risk.
Although 12.1m in Amhara are exposed to high climate risk —a combination of simple
hydrology and use of tubewells means that they are more resilient and less at-risk.

Up to 7.3m in Tigray, Afar and Somali are most at risk because they face difficult hydrogeology
coupled with a high exposure to climate risk and a higher proportion of low-resilience
technologies this combination of risk exposes them to all three of the ‘pinch points’ identified
above.
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Rural water access risk,
Millions of people, 2030

Least
resilient

Technology

Most
resilient

Red Malics

D ‘Pinchpoints’ [l Highest risk

Overall Risk = Technology x Hydrogeology x Climate change

Surface
water and
others

Dug wells

Springs,
shallow
and deep
wells

High hydrogeclogical risk

0.7 in Oromiya
3.3 in SNNPR

Low

0.1 in Dire Dewa
and Harari

Medium

12.1 in Amhara

High

Medium risk

Low risk

Climate change risk’

~ 7.3min Tigray,
Afar and Somali
face the highest
risk in several
dimensions
Population at
highestrisk of
climate changes
are also in zones
with vulnerable
hydrology
Populations relying
on shallowand
deep wells in high
climaterisk area
could still be at risk
if in an area with
vulnerable
hydrology (i.e.,
Tigray, Afar,
Somali)

1 Defined as comparison between driest scenario and historical of average A in annual rainfall and A in 5 percentile min annual rainfall,
where low is <10%, medium is 10-20% and high is >20%

Source: MoWIE, One Wash Program, British Geclogical Survey

Impacts on Poverty

Figure 22 - Rural water access risk, 2030

Lack of access to clean water and sanitation has a significant negative impact in a number of

areas:

e Collection time — Households spend on average 670 hours/year collecting water1>,
mainly by women and girls. This is time that could be better spent on education,

employment or raising a family.

® Health— WHO estimates that 9% of the global disease burden could be prevented
through improved WASH and that inadequate water, sanitation and hygiene kills over
2 million children every year (through diarrhoea, malnutrition and NTDs). Universal
access to WASH in Ethiopia could prevent an estimated 946,032 maternal and child

deaths.

The burden of lack of water and sanitation is mainly borne by women and girls, so addressing
it has a particularly positive impact on gender.

2.4.6.Cross-cutting issues

Throughout the development of the CR Strategy, several cross-cutting issues arose, for which
MoWIE does not have sole responsibility. Co-ordination and collaboration with other
government actors in these areas will be key. There are several key areas for partnership:

15 Cook, J. et al (2012) Measuring the Impact of Convenient Water Supply On Household Time Use In Rural
Ethiopia https://appam.confex.com/appam/2012/webprogram/Paper3810.html
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e Resilient development of water resources — Ethiopia’s principle water resources
challenge is to increase utilisation of our plentiful water resources. However, this
must be managed responsibly to ensure continued growth without over-exploiting
our natural capital and to achieve our Climate Resilient Green Economy Vision. We
have an opportunity to incorporate effective water resource management into our
development and avoid the water problems that other economies face. Therefore, it
is critical to implement effective water resource management to minimise situations
of water scarcity and to make strategic choices about different water uses. This
requires collaboration between River Basin Authorities and Councils, regional
agriculture bureaus and the Federal Ministries. The Water Sector Working Group will
be a key forum for taking this collaboration forward.

® Forest Management — Well-managed forests are vital for sustainable biomass yields,
but also for reducing siltation of dams and managing rainfall runoff. Measures in
other sectors can therefore contribute to the water and energy sectors for example
participatory forest management can reduce siltation which would lead to benefits
for power generation. Joined-up approaches should be explored with Ministry of
Environment and Forest, for example linking Participatory Forest Management to
management of dam siltation through Payment for Ecosystem Services.

® Supporting climate resilient agriculture — Climate vulnerability in Ethiopia is largely felt
through agriculture. It will be important to coordinate with the Ministry of Agriculture
and the Agricultural Transformation Agency to make the most of synergies. In
particular, the National Meteorological Agency could play a much stronger role in
providing usable and timely climate information to farmers.

® Co-ordinating the development of the power sector — Federal agencies, authorities
and state-owned enterprises such as EEP, EEU, and the newly upgraded Ethiopian
Energy Authority need to collaborate to develop a climate resilient power sector.

e Sanitation and hygiene — Climate-related risks to sanitation and hygiene need to be
considered alongside broader climate-related health risks. The Ministry of Health
leads on sanitation and is currently developing its Climate Resilience Strategy, so we
need to work with them to co-ordinate a response. This can be achieved through the
One WASH National Program and existing co-ordination fora such as the Water Sector
Working Group and the MOH Environmental Health Working group.

e Urban water supply — More detailed consideration of climate risk to urban water
supply is needed. This falls under the scope of the Ministry of Urban Development
and relevant city administrations and joint work will be required to understand the
implications of climate change and develop suitable responses.

Given the cross-government nature of these issues, the CRGE Ministerial Steering Committee
could identify a mechanism to co-ordinate activity in these areas to ensure that they are
given sufficient attention and are integrated into the delivery of the GTP Il
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3. THE RESPONSE

Identifying strategic priorities in light of uncertainty.

KEY MESSAGES

Based on the issues outlined above, ten strategic priorities have been identified in the 4
priority sub-sectors. These set out the high level policy objectives and will be developed
further with more specific implementation plans.

ENERGY WATER

Irrigated Agriculture

Electric Power 3.1 Accelerate
irrigation plans
1.1 Diverse energy mix 3.2 Strengthen
1.2 Energy Efficiency rainfed agriculture
3.3. Balance water
demands

GROWTH

5.1 Data for decisions 5.2 Accelerate delivery

Access to WASH

4.1 Accelerate access
4.2 Enhance self-supply

POVERTY

The challenges set out in the previous section are significant and many are intertwined
with our overall development and economic challenges. Any response to climate change
has to go hand-in-hand with existing priorities and plans — principally the GTP and
successive national strategic plans. MoWIE has many current programs and strategies, so
as far as possible, these have been identified and CR Strategic Priorities have been aligned
with them and existing delivery mechanisms. These strategic priorities will need more
detailed work to identify the best policy options for their delivery.
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3.1. Power Generation
Implications of analysis

e The potential for hydropower generation shortfalls reinforces the significance of a
diverse energy mix, to spread the risk. The climate risks to hydropower need to
continue to be factored in to ongoing planning. In particular, when considering the
composition and size of the system reserve margin (a measure of the ‘spare’
generation in the system). Currently, hydropower shortfalls are met through short-
run diesel generation, which is not in line with our CRGE objectives. However, current
analysis indicates that switching all backup generation from diesel to cleaner
combined-cycle gas turbine will cost an additional $4.1bn up to 2030 (see Figure 23).
The long-term costs of a fully renewable system (including the reserve margin) needs
to be fully assessed.

Firm generation capacity 2030 Cumulative cost by 2030

MW Il Hydro M Wind 3 (2012)
B Gas B Geothermal ] Energy Not Served B Construction
B solar M Diesel B Operating Salvage

@ 23,817m

10%
2% 23817 25,497 10%

5%

11%
s 6%
7% -

Diesel CCGT

Diesel CCGT

Source: Power Sector Expansion Masterplan Study, 2014. Diesel is Reference Case (IHL_8F4), CCGT is Case IL_800Aq.
Figure 23 - Comparative cost of generation by 2030

e Furthermore, clear contingency plans are needed for if and when generation
(including reserve) is insufficient to meet demand. These need to establish
prioritisation of end users and, if required, load-shedding policy.

Strategic Priority 1.1 — Diversify energy mix

Our CRGE vision is for a zero net carbon economy by 2025, and our ambition is to generate
all our electricity from renewable energy resources with up to 20% wind and solar, 10%
geothermal and 70% hydropower. The climate resilience analysis reinforces our decision to
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continue to diversify our generation mix, but also highlights some key planning decisions that
are required. In addition, the power sector has undergone some significant changes with the
recent Energy Proclamation, these changes need to be fully implemented and in particular,
power sector planning needs to be strengthened in order to ensure that we can deliver on
our goals. It may also be appropriate to explore options for risk insurance to transfer some of
the residual risk.

Decisions required for medium-term planning (5-10 years)

The CRGE analysis will be incorporated into the ongoing development of our energy sector
masterplan, however it highlights the complexity of the sector and generation planning in
particular. In order to achieve our CRGE vision, there are some key policy decisions that need
to be taken for the next 5-10 years:

® Optimisation of reliability, renewable energy and cost — There are complex trade-offs
between our policy objectives of stabilising energy supply and developing a climate
resilient green economy and cost. A fully renewable power sector needs to be
optimised to balance reliability with cost and based on this, a clear decision is
required about the generation mix and pathway, including appropriate sizing of the
reserve margin. Transmission and distribution bottlenecks also need to be addressed
alongside generation to ensure that the available capacity can meet demand at peak
times. The Power Sector Expansion Masterplan study is a key resource informing this
decision-making.

e Sequencing of generation and transmission development — The sequencing in which
new plant is built will be important and is related to the above — there is merit in
accelerating geothermal or wind to manage the climate vulnerability and minimise
unserved demand. Development and construction lead times also need to be factored
in ensure that plants are operation in line with demand and that transmission
development matches the growth in demand and generating capacity.

e Financing and delivery strategy — Once the appropriate energy mix and sequencing is
chosen, a clear investment plan needs to be developed that identifies the financing
gaps, accompanied with robust proposals for private sector investment and
international financial assistance. The Power Sector Expansion Masterplan study
identifies a financial requirement of around USD 48bn (in 2012 money) over the next
25 years. 58% of which is for generation and 55% is capital expenditure. This gives an
indication of the scale of investment required up front as well as ongoing financing
needs for operation and maintenance. We will need to make and communicate a
decision about the balance of public sector and private sector finance.

Accelerating the implementation of sector reforms

Delivering our plans is likely to require additional finance, including from the private sector,
so we aim to develop private sector participation in the energy sector in a constructive way
that is aligned with the overall objectives of the GTP and CRGE. The new Energy Proclamation
(No. 810/2013) establishing the framework for private sector involvement and the conclusion
of a Power Purchasing Agreement (PPA) for the Corbetti geothermal plant are the first steps
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towards a new model for large scale power projects, part financed by the private sector. The
experience we are gaining from these negotiations will inform our ongoing development of
the regulatory and planning environment.

However, further work is needed to fully implement the Energy Proclamation and build the
capacity of institutions to (such as EEP, EEU and the EEA) to fulfil their mandate and ensure
that private sector involvement contributes to the objectives of the GTP and CRGE.

Guiding questions for ongoing planning (10-20 years)

Lasting institutional arrangements are particularly important to ensure the effectiveness of
ongoing planning. The recent institutional changes will take some time to be fully
implemented and we need to ensure that the planning system for the energy sector
continues to be strengthened. Generation planning is a dynamic process and our plans will be
reviewed on a regular basis, therefore there are some further guiding questions that should
inform ongoing decision-making for the power sector over the next 10-20 years:

e linking to growth objectives — How do our energy sector plans relate to our wider
growth objectives? The development of the energy sector is critical because it
supports our wider ambitions for Growth and Transformation, so it is important to
focus its development on supporting growth and avoiding being a limiting factor.

e (Capital planning — How much capital is required to deliver our plans? When is that
capital needed? It will be important to maintain a constant understanding of the
financial and technical needs, potential sources of finance, technological maturity and
construction lead times in order to realistically plan and manage the power sector.

e QOperational financing — How will we finance ongoing operation and maintenance?
Equally important is ensuring a sustainable operational financing model that provides
sufficient resources for ongoing maintenance and contingency.

e |nvestment climate — Are we attracting the right type of investment? How much
investment do we want from the private sector? We will require some private finance
to deliver our plans, but we will ensure that it is high quality and supports our goals.
This requires ongoing regulation and development of the regulatory environment for
private finance —and requires providing long-term certainty to potential investors.

We are currently developing a long-term geothermal action plan, with support from the IFC,
which will also inform our overall long-term generation planning. However we will require
ongoing analytical and decision-making support to address the issues above and strengthen
our ability to address the ongoing questions. This is estimated to cost around USD 1m.

Strategic Priority 1.2 — Improve energy efficiency

Managing energy demand will help reduce the climate risk to power supply as well as
increasing resource efficiency. The Energy Proclamation (No. 810/2013) sets out how energy
efficiency will be managed and promoted by the Ethiopian Energy Authority (EEA), including
the establishment of the Energy Efficiency and Conservation Fund. Further regulations and
directives are in development to implement the Proclamation. The Ethiopian Energy
Authority (EEA) is responsible for developing and implementing energy efficiency strategies
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and programs. In a hydropower dominated country like Ethiopia, energy saving is more
important than reducing maximum demand as the generation system is constrained by
energy available rather than capacity. However, it is prudent to target both energy and
demand as this would reduce infrastructure costs and losses. The EEA and the Green
Economy strategy have identified 4 core energy efficiency policies and programs.

e Continue actions to promote efficient lighting in domestic and industrial sectors.
e National Energy Efficiency Labelling Program

® Energy Audits in industrial, commercial and public sector

® Energy Efficiency awareness to general public

Successful implementation of these programs could significantly reduce energy demand and
peak power demand in 2030 if they lead to technology and behavioural change. Two shifts in
particular could contribute 97% of potential savings:

e Switching to efficient lighting in residential, industrial and commercial settings
® Upgrading to efficient motors in industrial and irrigation usage

DSM cost/saving,
% total, 2030

PEAK
REDUCTION
ENERGY
REDUCTION

Source: Power Sector Expansion Masterplan Study, Load Forecast. Team analysis

B Lighting Other B Motors

Figure 24 - Potential demand-side management savings and costs, 2030

Effective implementation of these two energy efficiency measures by consumers and
businesses would require an estimated USD 302m but could reduce energy demand by
7,930GWh in 2030 (12% of total energy sales) and peak power demand by 1,474MW in 2030
(12% of total peak demand). These estimates take into account ‘rebound’ effects and would
deliver co-benefits in terms of reduced running costs and increase grid stability, resulting in a
net saving to businesses and households of approximately USD 408m in 2030. In addition, the
energy saved could be exported for around USD 476m in 2030 (although this would impact
grid reliability).
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We are finalising our Sustainable Energy for All action plan and will incorporate these
considerations, including proposed support for the EEA. These are initial rough estimates, but
a target of 12% reduction in energy demand appears realistic. MoWIE will work with the
newly upgraded EEA to assess the policy options for energy efficiency more thoroughly, this
will initial assessment will require support in the order of S1m.

3.2. Energy Access

Implications of analysis

e The analysis illustrates the impact of increasing fuel wood efficiency in order to
reduce overall biomass demand. In particular, the cookstoves plan has many
integrated benefits for climate resilience and green economy as well as poverty
reduction. It has further benefits of reduced deforestation and dam siltation. An
estimated 8.5 million people could be living in high risk areas, where consumption
outweighs supply and climate risk is high. However, more detailed work is required to
better understand the climate risk and relative priority.

e Grid extension alone will not be sufficient to meet energy needs, so further attention
is needed to develop off-grid energy access. There are several existing programmes
and projects that could be combined in a more strategic fashion to better target the
development of off-grid energy supply, building on the previous off-grid strategy.

e Responses need to be aligned and co-ordinated with forestry and land management
activity in the Ministry of Environment and Forest and in the Ministry of Agriculture.
In particular, it would be useful to understand the implications of climate change for
biomass supply and forestry.

Strategic Priority 2.1 — Improve efficiency of biomass use

To secure sustainable domestic energy needs, biomass needs to be used more efficiently
whilst improving living standards. We have developed a Biomass Energy Strategy in
partnership with MEF and a National Programme for Improved Household Biomass Cook
Stoves Development & Promotion in Ethiopia (known as the National Improved Cook Stoves
Programme, NICSP) has been developed with a goal of distributing 30 million cook stoves by
2031. To date the program has distributed 6.8m cookstoves throughout the country. The
NICSP needs ongoing support to establish mechanisms for effective program
implementation, market development, quality control and monitoring. However, only 2% of
the required funds are in place, which leaves a shortfall of USD 245m. We need to explore
innovative approaches for securing this funding, including by linking to the second order
benefits, such as reductions in emissions, deforestation and dam siltation.

Strategic Priority 2.2 — Accelerate non-grid energy access

Securing sustainable energy for all plays a role in building climate resilience and is an
important part of our poverty eradication ambitions. The Universal Electricity Access Plan
plays a key role, but given Ethiopia’s challenging geography, it is not always economically
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feasible to extend the grid to remote communities, therefore we need to develop more off-
grid options alongside developing non-electricity energy access.

The Rural Electrification Fund was established in 2003 (Proclamation No 317/2003) to
provide loans and technical assistance for rural electrification. To date, around 25,000 Solar
Home Systems have been installed through REF, with a further 150,000 planned across 4
regions. Institutional PV solar systems have also been installed in 200 health posts and 100
elementary schools, with plans to electrify 3,000 rural institutions and distribute 3,000,000
solar lanterns. Design and environmental studies have also been carried out for 5 micro-
hydro schemes and for 4 micro-solar schemes. An estimated USD 1m (around 400k for solar
and 600k for hydro) is required to implement these pilot schemes.

REF’s current structure and delivery model has been effective to date, but needs to be
enhanced to deliver at scale. We will review the current approach and develop more
effective delivery models that can deliver off-grid energy access at scale. This will require co-
ordination with EEP’s grid expansion plans to avoid stranded assets and develop an
integrated plan for extending electricity access.

In addition to REF, MoWIE has several alternative energy programs for increasing access to
modern fuels including the National Biogas Program for Ethiopia (NBPE) and Biofuel Program.
We will build on this experience to develop effective delivery models that can accelerate non-
grid energy access and strengthen the impact of REF and other programs. We are finalising
our Sustainable Energy for All Action Plan, which aims to accelerate these existing efforts and
plans. This will provide further details, but the National Biogas Program for Ethiopia (NBPE)
alone requires around USD 22m to deliver (EUR 26m from 2016-2022).

3.3.Irrigated and industrial agriculture
Implications of analysis

e The planned process for assessing irrigation sites is critical to developing a realistic
picture of the true irrigation potential. These assessments need to integrate climate
change scenarios including when projects reach the design stage.

e |rrigation will be an important tool and growing contributor to GDP. However, even
with major expansion of irrigation, Ethiopia’s agriculture will still remain largely
rainfed. Therefore, it will also be important to improve the resilience of rainfed
systems and sustainability of household irrigation. This is not an area that MoWIE
leads on, so it will be important to collaborate with and support other actors including
the Ministry of Agriculture, Regional governments and the Agricultural
Transformation Agency.

® At a basin scale, the various growing water demands need to be managed and
allocated within resource constraints. In particular the regulation of water users and
the licensing of abstraction is needed ensure that water resources are used effectively
and sustainably.
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e Groundwater is a more resilient water source for irrigation, but needs to be properly
managed to avoid over-abstraction. More analysis of groundwater availability is
needed as well as strengthening the regulation of groundwater.

Strategic Priority 3.1 — Accelerate irrigation plans

Our ambitions for Agricultural Development Led Industrialisation need irrigation to increase
productivity and reduce the vulnerability of agriculture to climate. Targets have been set and
we plan to commission a study to verify the irrigation potential, taking water and land
availability into consideration. This planned assessment needs to be accelerated and funding
secured to carry out the work, including for quality Environmental and Social Impact
Assessments. The assessment process should integrate the above climate change scenarios
into the feasibility studies and design. Completing this will require an estimated USD 1m.

The outcomes of the assessment should be shared with the Ministry of Agriculture and
prospective private investors on an on-going basis (even if preliminary only), to allow all
stakeholders to adjust their irrigation dependent plans rapidly. We will use this to develop a
long-term action plan to deliver our irrigation objectives, including focussing on improving
the investment climate for the private sector in irrigation.

Strategic Priority 3.2 — Support resilience of rainfed agriculture

Irrigation will be an important tool and growing contributor to GDP. However, even with
major expansion of irrigation, Ethiopia’s agriculture will still remain largely rainfed. Therefore,
it will remain important to improve the resilience of rainfed systems. Much of the
responsibility in this area lies with the Ministry of Agriculture (MoA), who are already taking
steps in this regard, therefore MoWIE will not take a lead on this priority. The Ministry of
Agriculture has already identified 15 priority investment options in the CR Strategy for
Agriculture (see Figure 25) and is piloting watershed management approaches through the
Sustainable Land Management Programme (SLMP). The Agricultural Transformation Agency
(ATA) is also supporting rainfed agriculture through the use of agro-meteorological data.
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Finance (USD $ million)

2020 2025 2030
Climate information, research 4 4 2 0
Institutional strengthening / building 5 5 3 0
Meteorological /agro-meteor. data + + 2 0
Agricultural research & development 2 2 1 0
Crop switching and new varieties 3 4 6 9
Conservation agriculture 3 5 8 11
Soil and water conservation structures 2 + 5 7
Soil management 1 2 3 4
Using forests for adaptation 3 5 6 9
Resilience measures for forests 3 5 6 9
Conservation and rehabilitation 3 5 6 9
Promoting biodiversity in agriculture 3 4 6 9
Payment for Ecosystem Services 3 5 6 9
Coffee (climate resilience) 4 6 9 12
Sugar and irrigated agriculture 1 1 3 9
Total 43 61 72 97

Figure 25 - Priority options and MoA adaptation programmatic investment needs (from CR Strategy Agriculture)

MoWIE can contribute to and enhance these efforts in the agriculture sector. The National
Meteorological Agency (NMA) should be further strengthened in order to provide timely,
reliable and usable data to farmers, in partnership with MoA and ATA activities on agro-
meteorological data. This is estimated to cost in the region of USD 20m.

Strategic Priority 3.3 — Balance water demands

Growing water demands need to be managed and allocated according to the water that is
available. It will be important to strengthen the management and co-ordination of water
resource development. Under this CRGE Strategic Priority, we have three policy objectives:

e Develop the productive use of our water resources: Delivering our ambitious
hydropower, irrigation and water access objectives to support the development of a
Climate Resilient Green Economy. This is addressed through Strategic Priorities 1.1,
3.1and 4.1 as well as in the Green Economy strategy.

® Avoid scarcity: Regulating the use of water within the limits of the resources available.
This requires improving data on water resources in order to better understand the
resources available as well as regulating water users and the licensing of abstraction
to ensure water resources are used effectively and sustainably. In particular ensuring
adequate supply for urban centres.
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® Manage conflict: Providing fair and accessible processes to resolve conflicts and
disputes over the use of water. This will be increasingly important if climate change
leads to changes in water availability.

The River Basin Councils and Authorities Proclamation (534/2007) sets out institutional roles
and responsibilities in this regard, however this has yet to be fully implemented. In addition, a
Strategic Framework for Managed Groundwater Development has been developed but not
yet fully implemented. Achieving the above policy objectives will require close partnership
with the River Basin Councils, River Basin Authorities, Regional governments and the Federal
Ministries and Regional Bureaux of Agriculture and Industry. The newly established Water
Sector Working Group is the central forum for the entire sector to work together to address
these issues and take forward work on this priority.

3.4. Access to WASH

Implications of analysis

® Access to WASH is the best way of increasing climate resilience as it shifts people
from vulnerable surface water sources to more resilient sources such as groundwater.
Delivering universal access to WASH through the One WASH National Program is
therefore a critical element of climate resilience.

e Upto7.3min Tigray, Afar and Somali are most at risk because they face a
combination of three risk categories, where difficult hydrogeology combines with high
exposure to climate risk and low-resilience technologies. Enhancing the climate
resilience of these regions should be a priority for the OWNP and CRGE.

e Alarge proportion of planned schemes in the OWNP rely on dug wells and spring
capture, which reflects the strong focus on self-supply, empowering communities to
select their own technologies based on what is most appropriate. However, these
technologies are often highly exposed to rainfall variability and there are limited
options for changing technologies. Therefore, additional approaches and
interventions will be required to supplement self-supply.

e Thisis a high level analysis and requires supplementing with a more detailed
understanding of climate risk.

Strategic Priority 4.1 — Accelerate universal access to WASH

Universal access to WASH is one of the best ways of reducing vulnerability as it shifts people
from vulnerable surface water sources to more resilient sources. The One WASH National
Program is therefore a critical element of climate resilience and requires full funding and
delivery. Overall, the OWNP has a 32% funding gap (around $778m), which should be
urgently met, with priority given to the 7.3m people in Tigray, Afar and Somali who are most
at risk because they face a combination of all three categories of vulnerability. These 3
regions require an estimated additional USD 200m in total to ensure universal access to
WASH.
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Strategic Priority 4.2 — Enhance the climate resilience of self-supply

Self-supply is a major aspect of the One WASH National Programme, but could be vulnerable

as the typical technology choices are highly exposed to rainfall variability. Self-supply is based
on the most appropriate technology according to the available resource, so there are limited

options for changing technologies. Therefore, additional approaches and interventions will be
required to supplement self-supply, for example:

® Improving local water storage facilities, groundwater recharge and rainwater
harvesting could help buffer against climate impacts. Further analysis is needed to
quantify how much storage would be required to effectively insulate at-risk
communities.

e Supporting participatory water resource management, where communities are
empowered to monitor and manage their own water resources so that they can
manage their demand and increase their efficiency. Local-scale water resource
management is particularly relevant where household irrigation is being promoted, in
order to avoid over-abstraction of groundwater.

The OWNP has already developed climate risk screening guidelines for woreda water teams,
which will provide more in-depth understanding of the nature of climate risk and inform
suitable federal policy responses. However, as highlighted above, additional funding will be
required to complement the OWNP in the regions at greatest risk. This additional support is
estimated to cost in the region of USD 20m.

3.5. Cross-cutting responses
Strategic Priority 5.1 — Data systems for decision-support

A major challenge in responding to climate change is the lack of data and limited data
collection systems. MoWIE’s Hydrology Directorate and the National Meteorological Agency
are responsible for collecting most of these data but the systems require strengthening to
ensure that they can provide timely, reliable and usable data to decision makers at all levels.

Refine the collection and maintenance of data

We are currently undertaking several projects to upgrade data collection instruments and
systems. However, these are discrete projects and we need to develop a stronger overall plan
to build lasting and practical datasets and the systems to maintain them. This will amplify the
impact of existing projects and improve their long-term sustainability. The key datasets to
strengthen are:

e Rainfall and temperature data — Upgrading key weather stations and increasing the

density of weather stations as well as the systems to collect and publish this
information. NMA is already developing a master plan for the upgrade of the
Ethiopian meteorological observation network with support from ACPC and we will
work with them to identify the costs, but this is initially estimated to cost USD 20m.
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Hydrological network, operational stations

River flows — Installing and upgrading stream gauges for key locations in order to track
surface water flows more accurately. The current hydrological network consists of
560 gauging stations, of which only 454 are operational.

B Operational

Non-operational

131
72
¥ 30 39 36 32 11
- -—/3

Abbay Awash Rift Valley Omo Gibe  Wabi Tekeze  Genale Baro Danakil Mereb
(Blue Nile) Shebele Dawa Akobo

Figure 26 - Current hydrological network

e The UNECA Africa Climate Policy Centre (ACPC) is working with MoWIE to upgrade

hydrological observation networks in the country, we will identify more detailed cost
requirements, but completing a full upgrade is initially estimated to cost USD 20m.

e Groundwater availability and recharge — The existing National Groundwater

Information System (NGIS) and its predecessor, the Ethiopian National Groundwater
Database provide a solid basis to improve understanding of groundwater but there is
no systematic monitoring of groundwater quality or groundwater levels at present. An
exercise is underway to map the country’s water resources (see Strategic Priority 3.3),
however this should be augmented to ensure that there is the lasting capacity to
systematically monitor and maintain groundwater data. This is estimated to cost a
further USD 10m.

Focus data collection on decision-making

High quality data is only valuable if it is used to inform decision-making. In addition to
improving the datasets, we need to improve the way that data is used to inform policy and
ensure that complex modelling can be translated into relevant policy implications. We will

ther

efore focus the development of our data systems on the information that end-users

require to inform their decisions. Developing a clear, user-focussed data development plan

will cost in the order of USD 1m.
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Strategic Priority 5.2 — Accelerate delivery of existing plans

A common theme in developing the CR Strategy is that most of our existing plans already
support CRGE, but we need to accelerate their delivery and improve their implementation.
There are three core areas:

Coordination and streamlining of plans — there is a significant amount of activity in
both sectors and multiple development partners, which can overlap and conflict. We
need to improve co-ordination by more clearly setting out one agenda and plan. The
Water Sector Working Group has been set up to improve co-ordination in the water
sector, but requires additional resourcing of USD 1m. The Energy sector does not
currently have a Sector Working Group but will take steps to improve co-ordination of
plans, working with development partners.

Performance feedback loops — improve accountability, reporting and learning
mechanisms. Currently disparate projects, need to group by policy priorities and
incorporate into MoWIE strategic oversight. USD 1m to support development of
systems.

Monitoring gender impacts — many of our plans and programs contribute significantly
to gender equality and women’s development. However, much of this is not
adequately captured. We are developing a Gender Action Plan, which is estimated to
require in the order of $1m to implement.
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4. IMPLEMENTATION

To deliver the Strategic Priorities, implementation
plans will be developed. We will work with Regional
governments and partners to develop practical and
effective actions, integrated into our GTP plans.

KEY MESSAGES

The Climate Resilience Strategy for Water and Energy sets out high level Strategic Priorities

e OQur strategic priorities will initially require at least $895m up to 2030. Further
analysis is needed to identify the best way of implementing these priorities and for
detailed costing and credible implementation plans.

1.1 Diverse energy mix
1.2 Energy efficiency

2.1 Biomass efficiency $246m
2.2 Off-grid energy

3.1 Accelerate plan
Irrigated agriculture 3.2 Strengthen rainfed agri. $71m
3.3 Balance water demands

4.1 Accelerate access
4.2 Enhance self-supply $220m

Power Generation

Access to Energy

Access to WASH

5.1 Improve data and systems

5.2 Accelerate delivery $34m

Cross-cutting

Grand total $895m

e QOur existing activities already contribute to the Strategic Priorities so we will build
on these as far as possible, integrated with our GTP planning.
® Once developed, implementation plans will be financed through several methods:
o CRGE Facility — fast-track funding (2 years) and longer-term.
o Other sources — domestic treasury, own revenue and external assistance.
* |mplementation is not just about money, there are delivery bottlenecks that also
need to be addressed.
*  MoWIE Ministers will review overall progress regularly, supported by 4 working
groups that will use existing mechanisms as far as possible.
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4.1. The way forward

The Strategic Priorities need to be developed through more detailed analysis to evaluate
different options for delivering them and ensuring that they build on existing activity. These
investment plans can then be funded and delivered in a variety of ways — principally through
the CRGE Facility. MoWIE will work with Regional governments and partners to develop
practical and effective actions that will deliver the Strategic Priorities and are aligned with the
GTP. In particular, MoWIE has identified and prioritised actions for fast-track investment.

4.1.1.Developing investment plans

The Strategic Priorities will cost at least USD 895mn to deliver, based on the above estimates.
These are only initial requirements and further options analysis will be developed in
conjunction with regions and development partners. This will lead to detailed investment
plans with full cost estimates, which are likely to require further finance.

1.1 Diverse energy mix
1.2 Energy efficiency

2.1 Biomass efficiency $246m
2.2 Off-grid energy

3.1 Accelerate plan
Irrigated agriculture 3.2 Strengthen rainfed agri. $71m
3.3 Balance water demands

4.1 Accelerate access

Power Generation

Access to Energy

LS U L A 4.2 Enhance self-supply $220m
. 5.1 Improve data and systems
LR i tng 5.2 Accelerate delivery $54m
Grand total $895m

Figure 27 - Estimated initial financial needs

Some of the actions required to deliver the Strategic Priorities are already underway or in
development, therefore, as far as possible, we will use existing mechanisms, projects and
support from development partners to maximise efficiency and avoid duplication.

4.1.2.CRGE Facility funding

The CRGE Facility is the principal portal for blended climate finance. Investment plans may be
self-funded (through Government of Ethiopia funds), supported (through public or private
climate finance) or credited (for example through results-based finance or the carbon
market). The CRGE Facility can also fund fast-track projects and has already asked for
proposals for delivery within 2 years. Based on the Strategic Priorities, MoWIE therefore
prioritised the following projects for fast-track funding:

e Scaling up REF to the Emerging Regional States. Solar Energy Technologies ($2m)
e Solar pumping for water supply and irrigation ($3.2m)
e Petroleum monitoring capacity ($635k)
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e Develop hydrological network and systems ($700k)

These projects were chosen because they can be delivered within two years. Longer-term
policies and programs that are better targeted at delivering the Strategic Priorities will be
developed for future CRGE Facility funding (including from the Green Climate Fund).

4.1.3.0ther vehicles

The CRGE Facility has been designed to target strategic investments that lead to
transformational change and the delivery of the CRGE vision. However, it is not the only
vehicle for delivering the CRGE, there are other sources of support — the Strategic Priorities
and subsequent detailed work will inform MoWIE’s contributions to the next phase of the
GTP as well as form the basis for engagement with other programmes such as the
Sustainable Land Management Program (SLMP), Household Asset Building Program (HABP),
Promotion of Basic Services (PBS) or the Productive Safety Net Program (PSNP).

4.2. Institutional arrangements

At a Ministerial level, the State Ministers Ato Wondimu Tekle and Ato Kebede Gerbe are the
MoWIE representatives on the CRGE Ministerial Steering Committee. They are responsible
for reporting progress and providing feedback to increase the effectiveness of the SRM in
MoWIE.

MoWIE Directorates and Regional Governments are responsible for the delivery and
implementation of the agreed actions. It is essential that they play a central role in the
development of investment plans. Rather than establishing a CRGE unit, MoWIE will integrate
CRGE into our existing systems. The Director for Environmental and Social Impact Assessment
is responsible for day-to-day co-ordination of the CRGE within MoWIE. This team needs to be
developed further to enable it to fulfil its co-ordination role and regularly report on progress.
This includes the development of indicators and baselines, as well as monitoring
mechanisms. To integrate CRGE into MoWIE, the following structure will be established:

® A monthly Minister level meeting chaired by Minister Alemayehu Tegenu (or his
delegate) to review overall progress and strategic direction (includes cross-cutting)
e 4 working groups responsible for follow up and co-ordination of delivery of sub-sector
activities. As far as possible, these will be existing groups and fora. Where a suitable
group does not already exist, a new group will be established and chaired by the
relevant Directors.
o Electric power — this will be linked to ongoing GTP planning
o Access to energy — to be determined
o Water for growth — this will be addressed through the Water Sector Working
Group WRM Technical Committee.
o Access to WASH — this will be addressed within the OWNP and WSWG.
e We will integrate these actions with existing plans and the development and delivery
of the GTP Il sector plans.
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TECHNICAL ANNEX
A. CLIMATE MODELLING

Ensemble approach

General Circulation Models (GCMs — sometimes also meaning Global Climate Models) are
complex models of the oceans and the atmosphere than can be used to model the future
climate based on a set of inputs. They require a huge amount of computing power and the
models cover the whole planet, so they can only provide a certain level of detail. The most
recent climate model has a grid-size of about 100-200km. Therefore, each data point in the
model covers at least 10,000 km?. This means that only one or two gridboxes cover a country
the size of Nepal — so global climate models don’t provide very meaningful data at a country
or district level. To be more useful, they need to be ‘downscaled’, which is where the global
models are run again at a regional or national scale, using simplified assumptions for the rest
of the world.

Climate models are not predictors of the future, but indicators of possible future storylines.
The outputs of a model depend on the assumptions made and the design of the model itself.
To improve robustness, it is essential to compare across different models to see if there is
agreement (this is known as an ensemble). This approach gives a broader range of possible
outcomes and can be used to define an ‘envelope’ of possibilities.

Applying the ensemble to Ethiopia

This analysis used a set of 10 climate models, downscaled to national level and based on the
IPCC A2 SRES emissions scenario. These models were applied to a set of 14 weather stations
(selected to represent Ethiopia’s climate) in order to provide a range of possible future
conditions for each station. The station level data was aggregated to a number of regions (4
for temperature and 3 for rainfall) to provide a picture of different climate zones.

It should be noted that this approach does not indicate whether each of these outcomes are
more or less likely than the others, instead it only gives a broad indication of possible futures.
Whilst imperfect, this approach is suitable for identifying broad trends and risk areas.
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Approach to assessing envelope of future climate outcomes

‘PCC‘ scena”

= = Coldest (lower limit)

4 |PCC' emissions scenarios are —— Historical
typically used to model future = = Warmest(upper limit)

climate: A1, A2, B1, B2
Mean daily max
temperatures, °C, 2046-2065

32 r

= AZ (regionally oriented economic
development) and B1 (global
environmental sustainability were

A2 IPCC storylines
downscaled for 16

Stations selected a0
= A2 and B1 have similar outcomes to
2050, therefore A2 is the only scenario 28
that was downscaled at a regional level
4 26
* 10 different climate models were used
Ege wuN based on the A2 scenario, for 14 24 L0

weather stations for 2046-20652. JFMAMJJASOND
1 ? 10 These models show an envelope of
potential rainfall and temperature
outcomes, which is used in this work

1 Intergovernmental Panel on Climate Change
2 MPI ECHAM 5, CSIROmk 3.5, CCCMA CGCM 3.1, GISS model ER, CNRM CM3, MIUB ECHO G, GFDL CM 2.0, GFDL CM 2.1, CGCM
3.2a,IPSLCM4

Source: IPCC, Agriculture CR Strategy

Figure 28 - Overview of developing climate envelopes

Modelling rainfall

For each weather station, the wettest and driest of the 10 climate scenarios were identified
(based on mean annual modelled rainfall, 2046-2065).

Models used to define climate envelopes for each weather station
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Figure 29 - Models used to define climate envelopes
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The 14 weather stations were then clustered according to Ethiopia’s 3 distinct rainfall

regimes.

West (5 stations)

Central and Eastern (8

stations)

rainfall regime

= Arba Minch and
Debre Zeit only used South and South-Eastern
for historical data (3 stations)

= Data for 16 weather
stations were grouped by

Figure 30 - Clustering of weather stations by rainfall regime

Month-to-month rainfall variability

For historical records and for each climate model scenario, the mean monthly rainfall per

weather station was calculated (e.g. for Nekemte, the mean rainfall for January over the

period 1985-2010).

To provide an aggregate figure for each rainfall region, the regional monthly mean per
weather station (not total) was then calculated. This was used to generate the envelope of

future regional rainfall patterns (Figure 7).

Month Historical Lower

January 14.8 2.0
February 19.7 6.0
March 44.6 23.8
April 146.7 72.0
May 114.0 68.6
June 24.6 19.4
July 16.4 7.5
August 179 6.7
September 43.1 37.0
October 112.8 9%4.8
November 50.8 83.6
December 19.3 14.2

Figure 31 - Mean monthly rainfall by region, 2046-2065 (mm per station)
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Year-to-year variability and long-term trend

The mean rainfall per station for each region was calculated for each year in the time period
(e.g. the mean rainfall per station in the West region for 1985).

The annual figures were used to calculate the mean and standard deviation across the time
period (1985-2010 for historical; 2046-2065 for future).

Historical Climate scenarios
South and South-Eastern
Year Year Lower Upper
637 518 824
645 921 1099
557 1035 695
609 1008 787
654 1204 742
499 896 519
544 708 790
613 1084 730
593 797 837
568 887 776
606 990 927
648 907 869
804 1149 1032}
508 1108 571
446 969 877
561 1180 765
609 862 728]
575 1080 875
580 903 578
554 1126 944
647
754
606
602
441
556
Mean 593 Mean 967 798
Standard Dev 77.36 Standard Dev 164.83 142.38
Skewness 0.52 Skewness -0.91 0.01
Kurtosis 1.66 Kurtosis 1.21 0.15
Change in mean 374 205
Change in SD 87.47 65.02

Figure 32 - Mean regional rainfall envelope (mm per station)

The means and standard deviations were used to create a normal distribution curve for each
region under each scenario (skewness and kurtosis were not taken into account). This gives
an indication of the rainfall probability distribution (i.e. how likely a given level of rainfall is.
See Figure 9).

Analytical limitations

Whilst the climate analysis is used to draw some conclusions, these should not be taken as a
prediction of the future. Climate modelling is complex and predicting the future is inherently
uncertain. There are several key limitations to the analysis:

e Data gaps —around 7% of the historic rainfall data was missing and was therefore
extrapolated based on averages.

e Data quality — where there was data, the quality was varied. Some rainfall data was
recorded by hand and is prone to errors at several stages along the information chain.

e Data resolution — only 16 stations were used to construct the historical climate and
only 14 for the future climate. Given the size and diversity of Ethiopia’s terrain and
climate, this is an insufficient resolution to give a detailed picture of the climate.

e Aggregating data — The approach to aggregating data at a regional level provides a
‘worst case’ picture. It takes the extreme outputs for each weather station from
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different climate models. Each of the climate models aims to be internally consistent,
so this ‘mix and match’ approach of using data from different models may not be
internally consistent. However, for developing planning assumptions, it is more
prudent to take a more conservative approach.

Models are only approximations of reality — models are based on assumptions and are
not predictors of the future. Although an ensemble approach mitigates this fact,
ultimately, the models are only as accurate as the underlying assumptions.
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B.

POWER MODELLING

EEP is developing its power sector models based on those used in the Power Sector
Expansion Masterplan Study. Once these models have been established, this climate analysis
should be re-run using these models. In the interim, the climate impacts on the power sector
were assessed using the following simplified methodology.

1.

A simplified model of the two main hydropower basins (Omo Gibe and Abbay) was
constructed, based on two representative dams (Gilgel Gibe Il and Karadobi).
Rainfall data — from Gondar and Combolcha for Abbay. Jimma and Addis for Omo
Gibe —was compared to historic inflow data for the Gilgel Gibe and the Karadobi site.
This was used to model the relationship between precipitation and inflow.

Data from the feasibility studies was then used to model the relationship between
inflow and power generation for the two representative dams.

Climate model outputs were used to generate probability curves of future rainfall
under different scenarios.

These rainfall probability distributions were then converted to inflow probability
distributions (based on the modelled relationship in step 2).

A simulation was run based on the statistical link of inflows of the two representative
dams. This then provides a probability of power generation for the 2 dams in relation
to each other.

Power generation under different inflow scenarios was compared to expected
generation from feasibility report to determine the upper/lower limits of value at risk.
The results were extrapolated to the remaining dams along their respective rivers to
give an estimate of the total generation at risk.

This generation at risk (GWh) was converted to a financial value by assuming an
opportunity cost equivalent to the mean export value (6.25 cents/kWh).

Analytical limitations

Rainfall stations — the hydropower basins fall into several rainfall regimes, this
complexity is not fully captured in the modelling.

Rainfall to runoff — a statistical analysis was used to model the relationship between
rainfall and inflows. More sophisticated hydrological and catchment modelling could
improve this.

Inflows to power generation —again, a statistical analysis was used to define the
relationship. The operation of reservoirs could be modelled in more detail. The Power
Sector Expansion Masterplan study used a combination of models (AQUARIUS, EPSIM
and WASP). Once these models have been finalised, they can be used to refine the
analysis by applying the potential rainfall changes.
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C. RELEVANT PLANS

1.1 Diverse energy mix ® Power Sector Expansion Masterplan study

® |ong-term Geothermal Action Plan
e Sustainable Energy for All Action Plan
® Scaling-up Renewable Energy Program (SREP)
1.2 Improve energy efficiency ® Universal Electricity Access Program
e National Energy Efficiency Labelling Program
® FEFEA Energy Audit program
e FFEA Energy Efficiency awareness campaign
2.1 Improve efficiency of e Energy+ Partnership
biomass use ® National Improved Cook Stoves Program
® Biomass Energy Strategy (BEST)
2.2 Accelerate non-grid energy ® Energy+ Partnership
access e Rural Electrification Fund
e National Biogas Program for Ethiopia
e Bijofuels Program
3.1 Accelerate irrigation plans ® |rrigation assessment studies
3.2 Support the resilience of e Support to NMA for upgrading meteorological data
rainfed agriculture systems
3.3 Balance water demands e \Water Sector Development Plan

e The River Basin Councils and Authorities
Proclamation (534/2007)
4.1 Accelerate universal access e Universal Access Plan

to WASH ® One WASH National Programme
4.2 Enhance the climate e CoWASH Program
resilience of self-supply
5.1 Data systems for decision e Support to NMA for upgrading meteorological data
support systems
® Support to MoWIE for upgrading hydrological
network
5.2 Accelerate delivery of e Water Sector Working Group
existing plans e Sector co-ordination support
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