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Making Transport Climate Resilient - Ethiopia Country Report 1

0 Executive summary

This report is the output of the World Bafikanced study on Making Tran
port Climate Resilient for Ethiopia, which is a SBaharan Africa initiative to
respond to the impact ofimate changes on road transport.

The climate scenarios

The study is based on four climate scenarios selected by the World Bank to be
consistent with the scenarios used in the study Economics of Adaptation to
Climate Change. The scenarios span from adaldry" future with lower
temperatures and less rain than today to a "wet Ethiopia" future with more rain
than today and an increase in heavy rain so that geH0d storm in 2050 will be
25% more intensive than today. The foreseen increases in avergugrdtires
range from-1°C to 2°C by 2050.

The design and maintenance of roads

The largest problems facing the current Ethiopian road network seem to be
overloading and missing maintenance and repair. The most influential climate
impact on roads will inhe future come from changes in rain patterns and only
to a smaller extent from increased temperatures.

A climateresilient road in the future in Ethiopia will be very similar toia cl
materesilient road right now. Ethiopia has the knowledge and mateealded

to design and keep their roads up to standard. The key element to ensuring cl
mate resilience after the initial construction is sufficient maintenance. Without
routine maintenance, there is no possibility for a road to meet its design life in
todays climate, let alone the future climate. The climate changes predicted do
not suggest that the problems in the future cannot be accommodated-with t
day's engineering solutions in Ethiopia.

The publication of the Ethiopian design standards in 2002 ige $ep in s
suring the best possible road and structures construction in the futuren-The e
gineering solutions needed to make a clirratlient road can to a very large
extent be found in these manuals, from solutions to hydrealated problems
suchas scour and sedimentation to problem soils andysadbe problems as

well as slope stability and surface drainage solutions

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[
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The adaptation measures
The measures to deal with the predicted change in precipitation volumes and
patterns will primarily be:

Design:
A Investigate the need for river training and increased channel maintenance
and bridge scour protection

T

Design culverts that cause limited damage to roads during floods

T

Investigate the use of spot improvements in high risk areas

A Design gravel roadsid community roads with a variety of materialstsui
able for the climate and topography

A New alignments need to consider likely future changes to the environment
considering increases in rainfall, groundwater, etc

Maintenance:
A Prioritize maintenance and dnaige upgrades in areas that are most at risk
of flooding

A Increase the frequency of drainage maintenance that is discussed in the
manuals in relationship to the increased frequency of large storms

A Repair and clean channel and drainage structures in higareas before
the rainy season

Research:
A Further research into more initially robust scour prevention compared to
long term maintenance savings

A Investigate the option of using different wearing courses other than gravel
for areas with limited supplies

A Expand methods for slope stabilization and protection

A Append the design manuals with more loast engineering solutions for
community roads

The economic assessment

The costs of climate changes in the period 204@60 are roughly estimated at
around 0.7 2.0 billion USD in 2009 net present valuef which increased
maintenance costs are far more important than the costs of changed designs.

The costs to road users due to clim@iated incidents may be substantial even
with today's climate and are exjped to increase and may double in year 2050

if measures are not taken. Adapting to climate changes by eliminating the i
crease in road user costs completely is likely to be a feasible strategy for some
new road infrastructuresespecially culverts anduwerbank protection. For lot

er structures, the specific conditions decide if it is economic feasible to fully
adapt to the climate change.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 3

For the existing network, an adaptation strategy is expected to be preferable
where adaptation takes place becausdith time of the infrastructure isce
ceeded or in cases where the infrastructure is destroyed by climate (or other)
related incidents.

The policy implications

The road owners will experience increased costs to maintain current service
levels for both exdting and new infrastructure.

Yearly reconstruction costs for existing roads will increase because of a higher
risk of damage each year in combination with higher unit reconstruction costs.

New climate resilient roads are more costly to build so invessiridgets
have to be increased or the amounts of new roads to be constructed will have to
be reduced.

Design parameters are recommended to be reviewed every 5 to 10 years to co
tinuously search for the optimal balance between climate risks and adaptation
costs in the country.

The key element to ensuring climate resilience after the initial construction is
sufficient maintenance. Strengthened focus on road maintenance anie signif
cantly more spending will be a vital cost effective adaptation measurewillhis
also benefit the road users dramatically but it requires a big change is current
spending patterns in the road sector.

The general implication is that only in exceptional cases it will be economically
beneficial to reconstruct or strengthen existiogds and structures before they
are damaged/normal life time is expired.

The proposed strategy
In the short term (within the next 5 years), the following initiatives aremmeco
mended:

A Research is needed in the accuracy of the design parameters in gyedictin
sedimentation and runoff in the rapidly changing Ethiopian landscape.

A Based on this research, the design storm parameters for new roads and
structures are recommended to be adjusted to reflect significant climate
changes after due consideration of @cceptable future safety level.

A The good and comprehensive design manuals are recommende@+o be r
vised so that the climatelated issues and solutions are clearly presented,
e.g. in an additional chapter. Having a chapter dedicated to the climate and
environmental impacts on roads would make it easier for the designer to
choose quickly and efficiently.

A As the maintenance need will increase according to the expected more fr
quent heavy rainfall, it is recommended to investigate if it is feasible to
chang and/or enlarge the drainage system in specific areas prorme to er
sion and flooding to reduce the risk of total failure and consequential da

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 4

age and to decrease the climate chaetmed need for increased mamte
ance.

In the long term, the following itiatives are recommended:

A Establishment of a process to review climatiated parts of the design
guidelines at regular intervals (every 5 or 10 years) to take account of the
most updated information on observed climate change impacts and the
need to balace climate risks and economic feasibility.

A Establishment of more focused maintenance strategies.

A Development of reliable and accurate hydrology models as it is a common
problem that this is lacking.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 5

1 Introduction and background
1.1 Introduction

1.1.1  Aim

The World Bank has contracted a study on "making transport climate resilient”
as a Sub Saharan Africa initiative to respond to the impact of climate changes
on road transport.

The objective of the study is to:

A establish a knowledge base on extent andr@atitechnical and econam
cal challenges the road sector is facing due to climate change, clanate v
riability and extreme weather events;

A to undertake analytical work to deliver guidelines for road transport policy
decision makers on options to protectiéd's transport infrastructure and
services; and

A contribute to the process of creating awareness on climate risk and how
Africa's transport could adapt to climate change

The work is based on desk research and information on the situation in two
case cantries selected by the World Bank: Ethiopia and Mozambique

This report covers the findings for Ethiopia based on desk research and data
and information collected during a mission in Ethiopia May 2009 where a good
and fruitful dialogue with key nationatakeholders was initiated.

The consultant COWI A/S (Denmark) has been contracted to conduct the study.

1.1.2 Approach
The approach has been:

i.  Establishment of a consolidated presentation of currently modeled cl
mate change scenarios for year 2050 with emplwsparameters of
particular importance for road transport.

! Ghana may at a later stage be included in the study as a third case country.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 6

ii.  Quantification of impacts of climate change on road assets and road
transport services based on data on existing road infrastructurie class
fied according to standard/quality and climate impesét r

iii.  Developing and preliminary costing adaption measures and presenting
needs for changes in the road sector.

Good and robust design practices for transport infrastructure have alerays d
pended on sound knowledge of all background conditions incltldenglimd-

ic and hydrological conditions at the actual location for the infrastructure. This
ensures that decisions on types of design and specific location can be based on
good and transparent understanding of the chosen safety and service level for
the nfrastructure. The safety level can then be considered together with co
struction and maintenance costs and the costs/benefits for the transport users
and the society in general.

Road projects most often have to state what their environmental impacewill b
But it is equally important to ask how the climate and environment cax-be e
pected to affect the infrastructure.

Road design and specific climate conditions should always be closely linked.
The challenge in many countries, including Ethiopia, is thatate change will
result in a deviation from the observed historical climate conditions arel ther
fore potentially lead to new requirements to design standards if the same levels
of service and safety of today shall be maintained for the future.

1.1.3 Outputs

Themain outputs and recommendations from the study are summarized in this
chapter trying to answer the following main questions:

A What are the current predictions for the future climate and how certain are
the changes?

A What are the most important challengesdlation to climate change for
road assets and what measures can be taken?

A What are the additional costs for making roads climate resilient?

A What are the most important costs to transport users if road designs are not
adapted to climate change?

A What arethe recommended measures in a short and long term perspective?
1.2  Summary of conclusions

1.2.1 Climate change scenarios and predictions
The observed trends in climate change in Ethiopia so far shows:

- increased average temperatures;

- increased number of hot dagsd nights;

- larger variations from year to year in intensity of extreme events; and
- no significant trend in average annual rainfall

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 7

The weighted climate change predictions found and reported by UNDP in the
Climate Change Country Profile for Ethiopiashbeen used to present a general
description of trends of climate change. However, the 15 different CGM cl
mate models used in the UNDP report shows different results and illustrate the
uncertainty of predicting climate change.

The specific analyses ihis study are based on 4 climate scenarios for 2050
chosen by the World Bank and consistent with the scenarios used irothe Ec
nomics of Adaptation to Climate Change (EACC) projézillustrate the

spread in climate predictions for the country reprasgribe driest and wettest
expectations from the available set of all Global Circulation Models and SRES
emissions scenarios:

No. Scenario name| GCM Climate Model Ap- | IPPC Emission
plied scenario

1 "Global Wet" NCAR-CCSM SRES A2

2 "Global Dry" CSIROMK3.0 SRES A2

3 "Ethiopia Wet" | NCAR-CCSM, SRES Alb

4 "Ethiopia Dry" | IPSL SRES B1

The two "wet" scenarios result in lower temperatures than today and the two
"dry" scenarios in higher temperatures. The "Global Dry" scenario results in
less annugprecipitation but with a slightly higher intensity than today. The
other scenarios result in more annual rain and with significantly higherintens

ty.
The main findings can be summarized as follows:

A The mean temperature increase will range frdfC to 2°C and the nm-
ber of annual days with heat waves will increase with 0 to 3 days/year. The
impact is higher asphalt temperature, dust, increased evaporation

A The annual rainfall increase will range frerh7% till 28%, most in south
and less in north. Thenpacts of more rain is increased runoff, increased
river flow, soil moisture, groundwater

A Heavy rain will be more frequent and the design storms for roads etc. will
increase with an estimatee%$% in intensity for a 1-§ear storm and with
13%- 43% for al00-year storm. The impact is increased frequency of
flash floods, erosion, sediment and landslide and a large need for more.

The results of the climate models clearly demonstrate that future rain patterns
are complicated to predict and much still habedearned to understand what
will happen with a higher degree of certainty which can lead to more substa
tiated risk assessments when designing infrastructure.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[



Making Transport Climate Resilient - Ethiopia Country Report 8

The study has produced a first estimate of new design curves for roads which
are used to estiate the need for enlargement of drainage facilities for roads
and for estimates of the increase in precipitation and frequency of critical
storms that exceed the old design level for the existing structures. Frem a d
sign point of view the two "wet" scenas and the "Ethiopia Dry" scenarie-r
sults in almost identical requirements to changes in design parameters.

1.2.2 The current road network

Ethiopia had in 2008 an estimated classified road network of approximately
38,000 km of which around 6,000 km are pavm estimated 55% of the

roads are in flat terrain. In addition the road network comprises approximately
4,400 bridges and more than 40,000 culverts. According to Ethiopian Rpad A
thority (ERA) 30% of the 2955 bridges registered in the federal road network
need some form of rehabilitation, and 3.6% are due for replacement.

All elements of design for all types of roads and structures (paved trunk roads,
gravel, community roads) are included in the ERA manuals from 2002 which
are mandatory for all types ajads.

The type of road in Ethiopia varies extremely from a limited number of 4 lane
high speed highways to low volume community roads. The success of these
roads relies on similar factors:

A choice of location (alignment), design and construction;
A climateand topography the road passes through;

A traffic loading; and

A maintenance.

Many of the current problems that are seen in Ethiopia are not cliglated,

but are amplified by the climate. For example, overloading of heavy trucks will
have damaging effects a road regardless of climate; the damage is amplified
when the soils and materials beneath are overly saturated. The same can be saic
about routine maintenance. Maintenance is a requirement on all roads, and
without it roads will deteriorate quickerah their design life.

1.2.3 Climate change impacts on roads

The largest problems facing the current Ethiopian road network seem to be
overloading and missing maintenance and repair. The most influential climate
impacts on roads will in the future come from iegeas in rain patterns and to a
smaller extent increased temperatures.

Change in precipitation volumes and patterns structures

One of the main threats to bridges from an increase in precipitation rs the i
crease in peak flow and floods and associatedrstmlibank erosion. Thegr
ferred method to deal with scour would be to account for it correctly inethe d
sign phase and implement sufficient countermeasures to handle the expected
scour.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[
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The success of a bridge is dependent on its hydraulic capacisiathigy of
the channel and its interaction with the bridge substructure.

There is already today a need to invest more into scour protection during initial
construction. Maintenance needs to be increased in not only the protection of
the substructure &m scour, but also ensuring the hydraulic capacity of the
channel by removal of sediment and debris. If maintenance cannot be assured,
then it is recommended to invest in more permanent bank and scour protection,
or design bridges with larger capacity &nklle the sedimentation.

Reinforced concrete pipe culverts are not designed to have capacity for large
scale floods, greater than-89 year return interval, but they should e d
signed so that the road they are covered by is not washed out during large
floods. Culvert sizes should be increased in areas where the potentiahfor da
age is greatest, such as in areas with large fills. Maintenance needs-to be i
creased for all culverts in high risk areas.

Change in precipitation volumes and patterns roads

The design requirements for the new federal paved trunk roads are on a high
level. The problems seen today in the federal trunk roads are the result of a
combination of different factors such as lack of maintenance, poor drainage,
and design that cannot acecmodate the overloaded traffic. More effort needs

to be spent on investigation on the gyrade materials for community roads, as
well as drainage of the road section. Maintenance becomes even more critical
with increased or more intensive rain.

The stallity of slopes will be adversely affected by an increase in precipitation.
The investment spent on preventing landslides is normally only cost beneficial

if it is a vital link. It is better to invest in slope protection measures and use best
practices dring construction for the lower class roads. Landslides are a natural
occurrence and the road design needs to have the least amount of impact to the
surrounding environment to lessen its chances of failure. Road location b
comes more important with incresakflooding, and the suitability of building

roads in river valleys needs to be investigated. Slopegetation could be

required on all impacted slopes.

Drainage systems should be upgraded in areas that have historicaly exp

rienced flooding. Investagions should be done to find if it is cost beneficial to
upgrade the drainage systems in these areas before a drainage failure occurs, or
afterwards during repair or reconstruction.

Temperature increases
The main effects from changes in temperaturesheilfor bridges and bitumi
ous pavements.

Bridges are already designed with temperature gradients in mind. The change
in temperature in Ethiopia over the next 50 years is not expected to require a
change in the methodology of designing bridges, but thgrdésmperature

should be higher The increase in maintenance required will not be substantially
higher than what it should be already.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Ethiopia report\3-ver to WB Aug 2010\MTCR Ethiopia_12 Aug 2010.docx mw_[
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Temperature has an affect on the stiffness of asphalt. A poor asphalt mix will
have a greater chance of cracking attter deformations if the temperature
gradients are not accounted for correctly in the design. The expected life of a
newly constructed road is estimated to be about 10 to 15 years for the upper
most asphalt layers. Adjustments in pavement design witecegpbinder s
lection can be made at regular service / reconstruction intervals. Designing for
different temperature gradients in the future is not considered to have an effect
on the cost of resurfacing when this is done within the normal time cyate as
phalt cost is almost the same for the different types of penetration grade a
phalt.

Maintenance needs

Maintenance to the drainage network becomes all the more importanbwith i
creases in number of high intensity storms. Routine maintenance, befere, du
ing and after the rainy season and after the more frequent very heavy events
will help to alleviate total failures requiring replacement. Investments in dra
nage systems will be quickly lost if they are left to deteriorate or fill up with
sediment.

The mantenance need will increase according to the more frequent heavy rai
fall causing larger and more frequent flow in the system and more sediment
from erosion of the surrounding areas or the roadside drain it self. It should be
investigated if it is feasiglto change and/or enlarge the drainage system in
specific areas prone to erosion and flooding to reduce the risk of total failure
and consequential damage and for reduction of the climate change related need
for increased maintenance.

1.2.4 Design guidelines

Existing guidelines generally

The design storms in the different regions, wet as well as dry areas, have sim
lar rainfall amounts. The predicted climate change in heavy rainfalls seems to
follow almost the same pattern in the regions. The big differentteipe-

dicted change is in average monthly precipitation. The predictions indicate that
the wet areas are getting dryer and the dry areas are getting more wet, but the
design storms are predicted to increase in frequency and intensity in all areas.

The publication of the Ethiopian Design standards in 2002 is a large stesp in a
suring the best possible road and structures construction in the futureaThe m
jority of the ERA manuals are taken from other well established manuals such
as the Overseas Road Notasd AASHTO design recommendations.

The engineering solutions needed to make a climate resilient road can to a very
large extent be found in these manuals from solutions to hydraulic related pro
lems such as scour and sedimentation to problem soilsuagdesie problems

as well as slope stability and surface drainage solutions.

A common problem that is found throughout Ethiopia’s hydraulic structire d
signs is the use of reliable and accurate hydrology models.
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Research is needed in the accuracy of #segth parameters in predicting sed
mentation and runoff in the rapidly changing Ethiopian landscape. The design
storm parameters are recommended to be adjusted to reflect the anticipated
climate changes. A first preliminary estimate of the need for chandles ce-

sign parameters is made in the report but more work is recommended.

Specific recommendations to the manuals

It is suggested to organize the manuals so that the chrelated issues and
solutions are presented clearly in an additional chaptehafster could be ad

ed to the manuals focusing on environmental conditions; similar to what Ta
zania Ministry of Works has done with their Pavement and Materials Design
Manual. Having a chapter dedicated to the climate and environmental impacts
on the rad would make it easier for the designer to choose quickly aind eff
ciently.

The recommendations listed in this report cover guidelines for climatenand e
vironmental considerations that should be started immediately in relation to the
very first planningconsiderations and in the later design, maintenanceeand r
search.

1.3  Engineering costs of climate change

It is not expected that climate changes in the near future will require large
changes to the methodology or economics of classified roads in Ethiopia. The
standards that they are designed for now and should be built at are at a high
level.

For new construction, rehabilitation or upgrading the major cost items for roads
are shown below together with (for illustrative purposes) the distribution of
costs foran asphalt paved DS3/DS4 standard road with an average cost of
around 536,000 USD per km (2008 costs based on actual awarded contracts)
including structures. In addition an estimate of typical additional construction
costs has been made if a new road wdsetconstructed so it is fully adapted to
the predicted climate changes in the applied scenarios in year 2050 compared
to the current design standards.
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Tablel-1 Road construction cost distribution today and the estimated increase in
costs if the roads should be designed to the predicted climate in 2050
Cost item Percentage | Percentage | Percentage
of total costin- costin-
cost today | crease crease
"Global Other sce-
Dry" narios
General costs during construction for staff (not 6.8% 0% 0%
related to climate)
Site clearance 0.2% 0% 0%
Drainage 5.3% 7% 33%
Earth works 14.3% 1% - 10% 10% - 20%
Subbase, road base and gravel wearing course 625% | 1%-10% | 5%-20%
& bhituminous surfacing
Structures 5.2% 13% 43%
Ancillary work (guardrails, landscaping, river 4.3% 1% 5%
bank and scour protection)
Dayworks 1.4% 0% 0%
Total 100.0% 2% -9% 9% -19%

The largest cost elements of a typical km asphalt road today arethg farth

works and the road base and surfacing. The main cost items which are likely to
increase in order to make a typical Ethiopian road adapted to predicted climate
change are earth works and the road base and surfacing, but in the end the a
tual costswill depend heavily on the specific local conditions. A best estimate

is that costs in average will increase between 0% and 20% for a new or newly
reconstructed road due to climate change for the same risk profile between now
and 2050

High standard gravebads are expected to require cost increases in the same
areas as paved roads, plus the additional cost of sealing in areas withahigh gr
dients and high rainfall. The cost of a new climate resilient gravel road is e
pected to increase roughly between 1&8d 30%.

The costs of making urban roads can not be judged independently from the
general situation for cities and towns where the drainage and sewerage systems
are the key determinants for the implications for roads

1.4  Economic costs and benefits of adaption

The frequency of disruptions of roads must be expected if adaption measures to
climate change are not taken. Although observed information on typseal fr
guencies of disruption and number of people affected can not be obtained, an
attempt has been ma to assess potential costs using standardized but realistic
assumptions about frequency of disruption, number of people affected, waiting
times and likely detours.

COWIL
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The costs of climate changes in the period 202@60 are roughly estimated at
around 07 - 2.0 bill. USD in 2009 net present valuef which increased mai
tenance costs are far more important than costs of changed designs. ®ther co
clusions are:

A The cost to road users due to climegtated incidents may be substantial
even with today's athate and are expected to increase with as much as
100% in year 2050

A Adapting to climate changes by eliminating the increase in road user costs
completely (full adaptation) is likely to be a feasible strategy for some new
road infrastructure especially clverts and riverbank protection. For stru
tures the specific conditions decide if it is economic feasible to adapt fully
to the climate change. The situation for drainage ditches has to be assessed
together with the expected maintenance strategy

A For the gisting network, an adaptation strategy where adaptation takes
place as the life time of the infrastructure is exceeded or the infrastructure
is destroyed by climate (or other) related incidents is expected to be prefe
able.

A For the existing road networke climate changes will incur costs on both
road users and the road agency. The major cost item is expectedito be i
creased maintenance in order to keep the roads up to design standards.

1.5 The strategy forward for climate change adaption
in the road sector

A future strategy needs to be flexible, adaptive and rotarstt acknowledge

that the current scenarios and climate models show a large variabilig-in pr
dicted rainfall patterns, which are the most important design criteria for roads
and structures.

Taking the mean of the climate scenarios/climate models used in this study as
the most likely future development, the long term increase in engineering costs
due to climate change may be important but not excessive if dealt witty proa
tively in the regular planing and design processes.

A climate resilient road in the future in Ethiopia will be very similar toa cl

mate resilient road right now. Ethiopia has the knowledge and materials
needed to design and keep their roads up to standard. A key eterapsit-

ing climate resilience after the initial construction is sufficient maintenance.
Ethiopia has in general a very large challenge in building climate resilient roads
due to its difficult terrain and high amounts of rainfall in some parts of the
country.
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In the short term (next 5 years) the following initiatives are recommended:

A

A

Research is needed in the accuracy of the design parameters in predicting
sedimentation and runoff in the rapidly changing Ethiopian landscape.

Based on this research thesthn storm parameters for new roads and
structures are recommended to be adjusted to reflect significant climate
changes after due consideration to an acceptable future safety level.

The good and comprehensive design manuals are recommendee@-o be r
vised so that the climatelated issues and solutions are presented clearly
e.g. in an additional chapter. Having a chapter dedicated to the climate and
environmental impacts on the road would make it easier for the designer to
choose quickly and efficientl

As the maintenance need will increase according to the expected sore fr
quent heavy rainfall It is recommended to investigate if it is feasibly to
change and/or enlarge the drainage system in specific areas prone to er
sion and flooding to reduce thekisf total failure and consequentialrda

age and for reduction of the climate change related need for increased
maintenance.

In the long term the following initiatives are recommended:

A

Establishment of a process to review clirmakated parts of the design
guidelines at regular intervals (5 or 10 years) to take account of most u
dated information on observed climate change impacts and the nedd to ba
ance climate risks and economic feasibility

Establishment of more focused maintenance strategies

Developmenbf reliable and accurate hydrology models as it is a common
problem that this is lacking
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2 Climate risk scenarios for Ethiopia

2.1 Climate characteristics for Ethiopia
The overall climate characteristic for Ethiopia is illustrated below.

Figure2-1  Overall climate characteristics for Ethiopia. Climate classification after
Koppen?
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Source: Ethiopian Meteorological Service Agency, 1976 - EMA

Ethiopia is a part of the Esdypicallyfri c
tropical in the soutieastern and nortbasterndwland regions, and cooler in

2 Data on the present climate is available at e.g. the CRU homepage and can be delivered
on request from the NMA, National Meteorological Agency, Federal Democratic Republic
of Ethiopia

% The description builds on the UNDP Climate Change Country ProfilEtfdopia:
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the large central highland regions of the country. Mean annual temperatures are
around 1520°C in these high altitude regions, whilst-26°C in the lowlands.

Seasonal rainfall in Ethiopia is driven mainly by the migratiotheflnter

Tropical Convergence Zone (ITCZ). The exact position of the ITCZ changes
over the course of the year, oscillating across the equator from its northern most
position over northern Ethiopia in July and August, to its southern mast pos
tion over sothern Kenya in January and February. Most of Ethiopi&exp
riences one main wet sedsetomd( call ed
September (up to 350mm per month in the wettest regions), when the ITCZ is
at its northerrmost position. Parts of northern and tahEthiopia also have a
secondary wet season of sporadic, and considerably lesser, rainfall fram Febr
ary to May (called the 06Bel gb). The
distinct wet seasons which occur as the ITCZ passes through this mtirerso

position. The March to May O6Bel gb se
100-200mm per month, followed by a lesser rainfall season in Octobes-to D
cember called 6Begadé (around 100mm p

Ethiopia receives verjttle rainfall at any time of year.

The movements of the ITCZ are sensitive to variations in Indian Ocean sea
surface temperatures and vary from year to year, hence the onset and duration
of the rainfall seasons vary considerably irganually, causingéquent

drought. The most well documented cause of this variability is the El Nifio
Southern Oscillation (ENSO). Warm phases of ENSO (El Nifio) have bBeen a
sociated with reduced rainfall in the main wet season, JAS, in north and central
Ethiopia causing seve drought and famine, but also with enhanced rainfalls in
the earlier February to April rainfall season which mainly affects southern
Ethiopia.
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Figure2-2  Mean annual precipitation

Mean Annual Rainfall amount in mm
based on 186 stations and 1971-2000 data
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Figure2-3  Mean seasonal precipitation in the Belg (Helay) season

Mean Seasonal Rainfall Amount in mm for Belg (February to May)
based on 186 stations and 1971 to 2000 data
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2.1.1 Experienced droughts and floods

Droughts

As described in the National Adaptation Programme of Action (NAPA} Eth

opia is highly vulnerable to drought. Mgloof the country is prone to drought
(NMSA, 1996, Degefu, W., 1987). Drought is the single most important cl
materelated natural hazard impacting the country from time to time. Drought
occurs anywhere in the world but its damage is not as severe asciiAf

general and in Ethiopia in particular due to low adaptive capacity. Recurrent
drought events in the past have resulted in huge loss of life and property as well
as migration of people. The eastern part of the country is most prone td-droug
ts whilethe highlands and western part of the country is less prone to droughts.

Flooding

The other climateelated hazards that affect Ethiopia from time to time are
flash and seasonal river floods. Areas in the Afar Region along the Awash Ri
er, in the Somali Bgion along the Wabi Shebele River and in the Gambela R
gion along the Bard\kobo River, in the Southern Region along the Oemo
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Gibe River, Bahirdar Zuria and Fogera areas along the Abbay River imthe A
hara Region are prone to seasonal river floods (Eodelk, B, etal, 2004).

Major floods which caused loss of life and property occurred in different parts
of the country in 1988, 1993, 1994, 1995, 1996 and 2006. For example in the
2006 main rainy season (Jurgeptember), flood caused the following disasters
(NMA, 2006):

A

I

More than 250 people died, about 250 people were unaccounted for and
more than 10,000 people became homeless. Due to the Dire Dawa flood.

More than 364 people died, and more than 6000 people were displaced due
to flooding of about 14 villageis South Omo.

More than 16,000 people were displaced in West Shewa.

Similar situations also occurred over Afar, Western Tigray, GambaHla Z
ria and the low lying areas of Lake Tana.

The flooding in the Dire Dawa caused very serious road damages and more
roads along the river were flushed away. The loss in property is estimated in the
order of tenth of millions of dollars.
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Flood prone areas in Ethiopia. The red areas are areas where floods

Figure 2-4
occurvery frequent. Ref. NMA.

Flood Prone Area in Ethiopia
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Figure2-6  Watersheds hazard. Overview of historical flooded areas and the flood
hazard in the different watersheds.
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2.1.2 Trends in climate change so far
The trend in climate change so far shows:

- increased tempature (about 0.370C every ten years according to NAPA),
- increased number of hot days and nights

- larger variations from year to year and in intensity of extreme events and
- no significant trend in annual rainfall

In the UNDP Climate Change Country Riethe recent climate trends (1960
2003/6) are described briefly as:

Temperature:

A Mean annual temperaturehas increased by 1.30C between 1960 and
2006, an average rate of 0.280C per decade. The increase in temperature
in Ethiopia has been most rapid BSH at a rate of 0.320C per decade.

* The quarters of the year are generally referred to as JFM, AMJ, JAS, OND
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A Daily temperature observations show significantly increasing trends in the
frequency of hot days and much large increasing trends in the frequency

of hot nights. (6Hotd day orx-o0hotd
ceeded on 10% of days or nights in current climate of that region and se
son.)

- The average number of Ohotd days
by 73 (an additional 20% of days) between 1960 and 2003. The rate of
increase is seen most strongly in JJAew the average number of hot
JJA days has increased by 9.9 days per month (an additional 32% of
JJA days) over this period.

- The average number of O6hot éd-ni gh
ditional 37.5% of nights) between 1960 and 2003. The rateaase
is seen most strongly in JJA when the average number of hot JJA
nights has increased by 18 days per month (an additional 58.8% of
JJA nights) over this period.

A Thefrequency of cold dayshas decreased significantly in all seasons e
cept DJF. Theréquency of cold nights has decreased more rapidly and
significantly in all seasons (06Col
temperature below which 10% of days or nights are recorded in current
climate of that region or season.)

- The average numberf &écol d 6days per year
(5.8% of days) between 1960 and 2003. This rate of decrease is most
rapid in SON when the average number of cold SON daysdias d
creased by 2.3 days per month (7.4% of SON days) over this period.

- Theaveragenumngbor of O6col dé nights per vy
(11.2% of days). This rate of decrease is most rapid in JJA when the
average number of cold JJA nights has decreased by 3.7 nights per
month (12% of JJA nights) over this period.

Precipitation

A Thestrongirgrannualandinted e cadal variability i
makes it difficult to detect lonrterm trends. There is not a statistically-si
nificant trend in observed mean rainfall in any season in Ethiopia between
1960 and 2006. Decreases in JAS rairdbkerved in the 1980s have
shown recovery in the 1990s and 2000s.

A There are insufficient daily rainfall records available to identify trends in
daily rainfall variability.
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2.1.3 Climate zones

Ethiopia is divided into different climate zones depending omptipose for

the zoning. The metrological institute uses one zoning for the patterroand v
lume of precipitation, the drainage design manual use one zoning for heavy rain
and agriculture use zones for the conditions for agriculture (based on elevation
assumng that there is a direct relation to temperature, rainfall and moisture in
the soil).

The three most common climate zonings in Ethiopia (except for the raere d
tailed by Kdppen presented in Figure 2.1) are shown below:

1. Climate zoning related to the seamal rainfall pattern.

This climate zoning is given and used by NMA, National Meteorological
Agency, Federal Democratic Republic of Ethiopia and is related to the rainfall
pattern and seasonal rainfall in the country.

Figure2-7  Climate zones related to Rainfall Regimes over Ethiopia (after Tesfaye
Haile). NMA, National Meteorological Agency, Federal Democratic
Republic of Ethiopia.
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2. Climate zoning related to heavy rain intensity and frequency.

This climate zoning is given in the Drainage Design Manual (ERA, Ethiopian
Road Authority, 2002) and is used for design of all structures that cdn be a
fected by or used for collection and discharge of storm water.
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Figure2-8  Climate zones related to intensity and frequency of heavy rainfall, from
Drainage Design Manual, Hydrology, ERA, Ethiopian Roads Authority,

2002.

‘r-‘ had ,\,l
‘Q E—_m,—«::{@@u ?’?2} iy
S LI’BA.?OR TNASf L L
; N N Angc

&N | KEFA | ¢ . |
. \7}

/ SOMALIA

j SIDAMO} /’

Aabels '\a\w ~ : |
L. | P
e 10UIS BERGER
/ 3 ; L INTERNATIONAL INC
= S :
N 1‘7 | KENYA 1 \_.__:QJ&J../ ! T &

Rainfall data used in the preparation of the climate zones have been collected
from many Ministryof Water Resources meteorological stations. The data have
been analyzed statistically and the results indicate that the country can be d
vided into the shown hydrological regions/zones displaying similar rainfall pa
terns. Most of the statistics are basedrecords and estimates of 24 houes pr
cipitation for meteorological stations in the areas.

COWIL
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3. Climate zoning related to agriculture (agroclimatic zones).

United States Department of Agriculture (USDA) and Foreign Agricultural
Service(FAS) have divided Ethiopia into five climatic zones accordingée el
vation and Ethiopian traditidn

Figure2-9  Climate Zones related to agriculture, Agroclimatic zones, basedeen el
vation. Used by PECADRAS and USDA for Crop Assessment.
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According to USDA each zone has its own pattern rainfall pattern and agr
cultural production system. In general, the highland zabegdandWiena
Degazones) contain most of the agricultural areas, while the-aechand

arid lowlands zoneKplla andBeherd are dominated by livestock in agro
pastoral and pastoral production systems.

5

http://www.fas.usda.gov/pecad2/highlights/2002/10/ethiopia/lmegEkth Agroeco Zones.
htm
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Description of the five agroclimatic zones:

A Wurch (Cold highlands)Areas above 3000 meters and annual rainfall is
above 220amm. Barley is the dominate crop and light frost often forms at
night.

A Dega (Cool, humid, highlands): Areas from 280 meters wherena
nual rainfall ranges from 1200 to 226@m. Barley and wheare the d-
minate crops.

A Weina Dega (Temperate, cool smbmid, highlands): Areas between 1500
to 2500 meters, where annual rainfall ranges fromBIDmm. This is
where most of the population lives and all regional types of crops are
grown, especiallyeff.

A Kolla (Warm, semiarid lowlands): Areas below 1500 meters with annual
rainfall ranges from 26800 mm. Sorghum and corn are grown, with teff
grown in the better areas. The kolla is warm year round and temperatures
range from 27 to 50 degrees Celsius

A Bereha (Hot and hyparid): General term that refers to the extreme form
of kolla, where annual rainfall is less than 286énh. The bereha has desert
type vegetation where pastoralism is the main economic activity. This area
encompasses the Denakil Degsi®n, the Eritrean lowlands, the eastern
Ogaden, the deep tropical valleys of the Blue Nile and Tekezé rivers, and
the peripheral areas along the Sudanese and Kenyan borders

Climate zoning used in this study

In this study the different types of climatenas or combinations of zones are
used to suit the purpose of the current work. In general terms the climate zones
have been used as follows:

1. Climate zoning related to the seasonal rainfall pattern.
Discharge in rivers, erosion, groundwater and soil tames land slide, stability
of roads,

2. Climate zoning related to heavy rain intensity and frequency.
Design storms for all structures and drainage, frequency of flash flooderg, fr
guency and extent of damages caused by extreme events, erosion,

3. Climat zoning related to agriculture (Agroclimatic Zones).
Temperature related damages and maintenance, evaporation,

2.2 Emission scenarios and climate models

2.2.1 SRES emissions scenario by IPCC

IPCC has given four main emission scenarios and morecrarios in the
IPCC Special Report on Emissions Scenarios, 2000, (SRES).

The A2 storyline and scenario family describes a very heterogeneous world.
The underlying theme is sai¢liance and preservation of local identities. Ferti
ity patterns across regions convergenaowly, which results in continuously
increasing global population. Economic development is primarily regionally
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Temperature Anomaly (OC)

Precipitation Anomaly (mm)

oriented and per capita economic growth and technological changes are more
fragmented and slower than in other storylines.

For Ethiopia thedngterm climate changes caused by SRES A2 scenario seems
to be slightly larger than caused by SRES A1B scenario, which has been used
for some studies in the region. The climate changes in the neX04@ars o-

til 2050-60 seems to be of the same magietéior SRES A2 and A1B scenarios

as presented in the figure below and higher than the "optimistic" SRE®B1 sc
nario.

This study covers the period up to year 22480. In this period the climate
changes are limited and of the same magnitude for the indV8RES scext
rios, while consequences seems to accelerate in the period from 2040 to 2100.

Figure2-10 Comparison of climate consequences caused by SRES A1B, SRES A2
scenario and SRES B1 scenario. (UNDRr@ie Change Country B
file).
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2.2.2 Climate models

IPCC used results from 22 climate models (GCM, General Circulation Model)
for the fourth Assessment Report (AR4), published in 2007.

The grid size is around 200x200 km (2.5 X°2.Fhese models shouifferent
results and have different focus. Therefore it is common to use all or some of
the GCMs to find the average consequences, by given individual weight on the
different results and parameters found in the chosen GCMs. It is nat+reco
mended to use thone GCM, but to use a weighted average.

In this study it is chosen to use the weighted climate change predictions found
and reported by UNDP in the Climate Change Country Profile for Ethiopia for
the general description of the expected climate chang¢hiopia. More d-
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tailed information on the estimated climate change consequences for the four
selected climate scenarios for this study is given in chapter 2.4.

The climate models used by UNDP are a-sebof 15 from the 2thember
ensemble used by IPAG AR4. The models included are those which had the
most complete availability across the different variables required. Se@the D
cumentation report for the UNDP Climate Change Country Profile for further
details: http://countrprofiles.geog.ox.ac.uk.

To illustrate the differences in results from different climate models and the
uncertainties related to climate modeling there are given two examples related
to Ethiopia. These illustrations should argue for a relaxed relationship to the
accuracy in the restsl and forecasts based on different SRES and GCM.

Example 1:

Figure2-11 UNDRP illustration of maximum, weighted average and minimum-or %
change in monthly precipitation (annual average) in Ethiopia from the
period around 1985 until the period around 2060. Results from 15
GCM, as 10 years average for each model. SRES A2 scenario.
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The models show in all cells big variations and there is no significant trend in

any of the cells. In all cells there are modal$i¢ating decrease and models
indicating increase in monthly precipitation.
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Example 2:

Figure2-12 Predicted anomaly of mean monthly precipitation (mm) for the summer
rainy season, JJA, using daily data deealed from three GCMs.
SRES A2 scenario and change from around 1990 to 2085. ref.: AR4,
WG1 (chapter 11).

ECHAM4.5 JJA CSIRO Mk2

HadAM3 JJA

TN v an b "‘:‘ St 4]

L E e

20W 15W 10W S5W O 5E 10E 15 20E 25€ 30E 35 40E 45 S0E 55€ 20W 15W 10W SW 0 56 10 15E 206 25€ 30E 35€ 40E 456 S0E 55€ 20W 15W 10W 5W O SE 10E 15 20E 256 30E 35€ 40F 45E S0E 55E

=T T 0 T e T— e [T ] [ ]
—80 -60 -40 -0 0 20 40 60 80 —80 60 -40 -20 0 20 40 60 B0 —80 -60 -40 -70 0 20 40 60 80

The predicted change in monthly precipitation up to 2000 shown above
illustrates that the differences are larger than seen for the shorendiizon

until 2050, which is used in this study. But the forecasts show very clearly that
there is a big difference in the predicted monthly precipitation in the central
part of Ethiopia between ECHAMA4.5 indicating + 80 mm and CSIRO Mk2 i
dicating-60 mm

2.3  Climate change characteristics

2.3.1 Climate change in general for Ethiopia

Following general comments on climate change in Ethiopia until 2060 are
based on the information in the UNDP Climate Change Country Report for the
SRES A2 scenario.

Temperature

A The mean annual temperature is projected to increase BZ Ay the
2060s for SRES A2 emissions scenario. The projected changes from di
ferent models span from 2C to 3.£C.

A All projections indicate substantial increases in the frequency of days and
nightst hat are considered O0hotdé in cul

- Annually, projections i ndid@aof e t
days by the 2060s. Days that are
projected to increase the most rapidly in JAS, occurring e®739 d
days in JAS by the 2060s.
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- Nights that are considered9aehot o
projected to increase more quickly that hot days, occurring €5%0
of nights by the 2060s. Ni gdat s t
son are projectet increase the most rapidly in JAS, occurring on 60
90% of nights in JAS by the 2060s.

A All projections indicate decreases in the frequency of days and nights that
are considered O6coldbdb in current c
more rapidly tlan cold days.

Precipitation

A Projections from different models in the ensemble are broadly consistent in
indicating increases in annual rainfall in Ethiopia. These increases are
| argely a result of increasing rai
southern Ethiopia.

- OND rainfall is projected to change Hyto +48% as an average over
the whole of Ethiopia until 2060s.

- Proportional increases in OND rainfall in the driest, eastern most parts
of Ethiopia are large.

A Projections of change in the mairimaseasons AMJ and JAS which affect
the larger portions of Ethiopia are more mixed, but tend towards slight i
creases in the south west and deceases in the north east.

A The models in the ensemble are broadly consistent in indicating increases
inthepropoar i on of t ot al rainfall that f
changes ranging fron38 to +8% until 2060s. The largest increases are seen
in JAS and OND rainfall.

A The models in the ensemble are broadly consistent in indicating increases
in the magnitudef 1- and 5day rainfall maxima. The annual increases
arise largely due to increases in OND.

A The changes in maxima inday events in OND range from 0 to +16mm
and-3 to +24mm in Eday events until 2060s.

UNDP Climate Change Country Report for Ethiopiasinet cover changes in
wind or sea level rise as this is not considered relevant for Ethiopia.

2.3.2 Climate change with most influence on roads and
transportation in Ethiopia

The most relevant climate changes related to road and transportatior in Eth
opia are:

A Temperature (and evaporation),

A Rain (intensity/frequency and volume) and

There are no coastlines in Ethiopia why the sea level rise is not relevant.
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There are no forecasts of winds but the general trend and model results from
elsewhere indicatecreased frequency of extreme winds in the region.

The general key figures for the relevant changes in Ethiopia until 2050 can be
summarized as (for the range in the specific four climate scenarios investigated
in this study, see chapt2rd):

A The mean temperature increase will range frdfC to 2°C and the nm-
ber of annual days with heat waves will increase with 0 to 3 days/year. The
impact is higher asphalt tgrarature, dust, increased evaporation

A The annual rainfall increase will range frerh7% till 28%, most in south
and less in north. The impacts is increased runoff, increased river flow, soll
moisture, groundwater

A Heavy rain will be more frequent and thesign storms for roads etc. will
increase with an estimateel%% in intensity for a 1§ear storm and with
13-43% for a 100 year storm. The impacts is increased frequency of flash
floods, erosion, sediment and landslide

The predicted change in temperatur¢he 4 scenarios until 205 is up till

around 2C as annual average, which is less than predicted as an average of
predictions in the UNDP Climate Change Country Report. An increased te
perature influences the general temperature of the roads. Combihetle

increase of "hot" days and nights the number of days with high and critical
temperature for e.g. the asphalt will increase Furthermore, higher temperatures
will give more frequent occurrence of dust from gravel roads and increased
evaporation ofain and moisture in the soil.

The predicted general change in seasonal precipitation as percentage and mm is
highest in the driest season OND (OctobBecember) and especially in the
southern part of the country. In the season Apline the precigtion in the

central and wet area in Ethiopia, will decrease. On annual basis the precipit

tion will increase most in the soudastern part of the country and less in the
northern part.

The consequences for roads are based on an estimate of the rebaltigg in

basis discharge in the rivers in the most wet and critical months and the i
crease in moisture of the soil at slopes and beneath the roads. The climate zo
ing related to the seasonal rainfall pattern combined with the precipitation pa
tern and tenperature (evaporation) in the most critical season is used for the
estimate of the extent of the consequences of increased flow and more wet soil.

There are no forecasts available on very short extreme rainfall. Therei-are est
mates of the mean averag@ximum rainfall in iday rainfall. The existing

design storms used in the Drainage Design Manual are based on histerical 24
hour rainfalls in the different zones. These data are used to find design curves
for shorter and more intensive storms. The desigues are calibrated to some
actually measured storms.
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In this study the same calculation method as used in the Drainage Maaual (e
cept for the calibration) is used to establish new design curves for year 2050. In
the wet northwestern part of the counttiie wet months are July and August

and in the soutlwestern part the wet months are Afvilly and October.

2.4  Climate change for scenarios in this study

The specific analyses in this study are based on 4 climate scenarios for Ethiopia
representing the spam expected future climate situations from dry to wet a
cording to results from different combinations of emission scenarios (SRES)

and GCM models. The scenarios represent a consistent basis between this study
and the study fEconoamiCleasge (EACCANdapt at i

The climate scenarios chosen by the World Bank are:

GCM-model Emission scenario
Gl obal NOAR-GCSM, SRESA2
Gl obal CBIR®MK3.0, SRES A2
Et hi op iNCARMBCEN, : SRES Alb
Et hi opilRSL,Dr y 0 : SRES B1

o 3t 3 3N

For theg scenarios data and results have been processed by the University of
Colorad§ especially for this study with focus on precipitation, temperature and
run-off for the present climate situation and the future situation in the period
around 2050 and around@0. An introduction to the data base and data
processing can be found in the appendix.

2.4.1 Key figures for the climate scenarios

Some of the most essential figures for the climate information are presented
below. The focus is on temperature and precipitatidreavy events.

® Processed data delivered by a team from Colorado University:
Len Wright, Ph.D., P.E., D.WRE

Anthony Powell

Chas Fant

Alyssa McCluskey, Ph.D.

Kenneth Strzepek, Ph.D., R.E
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Figure2-13 Temperature. Annual daily temperature, max, mean and min.
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