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0 Executive summary

This report is the outpwf the World Bankfiinanced study on Making Tran
port Climate Resilient for Ghana, which is a Skdtharan Africa initiative to
respond to the impact of climate changes on road transport.

The climate scenarios

The study is based on four specific climatensec®s selected by the World

Bank to be consistent with the scenarios used in the study "Economicsmf Ada
tation to Climate Change". The scenarios span from a "global dry" future with
higher temperatures than today, but with the same rain patternsyés Gla-

na" future with more intensive rain than today so that-a/&@r storm in 2050

will be up till 35% more intensive than today. The foreseen increasesrin ave
age temperatures in all scenarios range fr&i@ o 2°C by 2050.

The design and maintenane of roads

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

A climateresilient road in the future in Ghana will be very similar to a climate
resilient road today. Ghana has the knowledge and materials needed to design
and keep their roads up to standard. The key element to enclimate res

lience after the initial construction is sufficient maintenance. Without routine
maintenance, there is no possibility for a road to meet its design life in today's
climate, let alone the future climate. The climate changes predicted daynot su
gest that the problems in the future cannot be accommodated with today's eng
neering solutions in Ghana.

The existing design manuals for roads and structures provide a solid base for
assuring the best possible road and structures construction in the Tineye.

are systematically being updated to reflect current engineering practices that are
relevant in Ghana. The engineering solutions needed to make a alesditnt

road can to a very large extent be found in these manuals, from solutigns to h
draulicrelated problems such as scour and sedimentation to problem soils and
subgrade problems as well as slope stability and surface drainage solutions.
Updates of rainfall and hydrology charts are, however, strongly recommended.
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The adaptation measures
The masures to deal with the predicted change in precipitation volumes and
patterns will primarily be:

Design:
A Revise parameters used for design storms for drainage systems and stru
tures every 5 to 10 years

A Investigate the need for river training and inceshshannel maintenance
and bridge scour protection

T

Design culverts that cause limited damage to roads during floods

T

Investigate the use of spot improvements in fiigh areas

A Design gravel roads and community roads with a variety of materi&ls sui
able forthe climate and topography

A New alignments need to consider likely future changes in the environment
taking into account increases in rainfall, groundwater, etc.

Maintenance:
A Continue to expand the database for road maintenance

A Prioritize maintenance andainage upgrades in areas that are most at risk
of flooding and more intensive rain

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 degje structures in higtisk areas before
the rainy season

A Allocate more funds for the maintenance of current roads.

Research:
A Encourage further research into more initially robust scour prevention
compared to longerm maintenance savings

A Continue improvig models for prediction of floods based on the newest
available climate data

A Expand methods for slope stabilization and protection

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

A Add a chapter to the design manualsusing on the climate impacts on
roads and engineering solutions

A Increase research into the correlation of development in floodplains and
flooding in urban areas.

The economic assessment

The costs of adaptation to climate changes in the period-22BD are roug-

ly estimated at up till around 1.1 billion USD in 2009 net present valfie
which increased maintenance costs are far more important than the costs of
changed designs.
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The costs to road users due to climaiated incidents may be substahéiaen

with today's climate and are expected to increase up till 30% in year 2050 if
measures are not taken. Adapting to climate changes by eliminatimg the i
crease in road user costs completely is likely to be a feasible strategy for some
new road infrastictures- especially culverts and riverbank protection. Fér- ot

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

For the existing network, an adaptation strategy is expected to be preferable
where adaptation takes place because the life time of the infrastructwe is e
ceeded or in cases where the infrastructure is destroyed by el{orat¢her)
related incidents. Therefore adaptation should take place gradually over time
starting from todayand the timing will follow normal plans for reconstruction

of worn out or destroyed roads, so the roads assets over a long period can be
adapted to the future climate..

The policy implications
The road owners will experience increased costs to main&icutinent service
levels for both existing 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 climateresilient roadsire more costly to build so investments budgets
have to be increased or the number 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 balarmween 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 anid signif
cantly more spending will be a vital cesffective adaptation measure. This

will also benefit the road users dramatically, but it requires a big change in the
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 existing roads and structures before they
are damaged/normal life time has expired.

The proposed strategy
In the short term (within #gnnext 5 years), the following initiatives are neco
mended:

A Research is needed in the accuracy of the design parameters in predicting
sedimentation and runoff in the varied Ghanaian landscape.

A Based on this research, the design storm parameters for agsvand
structures are recommended to be reconsidered to reflect that climate
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change will have an impact in Ghanafter due consideration of an-a
ceptable future safety level versus the uncertain climate risks.

A The design manuals are recommended tebised so that they clearly
present climateelated issues and solutions, 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 efficien
ly.

A As the maintenance need will increase according to the expected more fr
qguent heavy rainfall, it is recommended to investigate if it is feasible to
change and/or enlarge the drainage system in specific areas prooe to er
sion and flooding to reduce the rigktotal failure and consequentialrda
age and to decrease the climate chametgted need for increased mamte
ance.

In the long term, the following initiatives 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 balance climate risks and economic feasibility.

A Establishment of more focused maintenance strategies.
A Further improvement of the hydrology modelghis is essential, as it is a
common problem that this is lacking.

Mitigation challenges and measures
The contribution from the transport sector to climate change in the formof CO
emissions comes basically front@ambination of:

e Overall demand for transport and mobility, which again dependsan ec
nomic and spatial development as well taxation regimes for vehicles and
fuels

e Supply of transport options availablepad transport is the overall dem
nating motorizednode of transport in most African countries

e Efficiency of transport means available and their utilization and specific
energy use.

The general mitigation initiatives in Ghana include:
Preparation of strategic climate and environmental plans

Provision ofimproved bus servicge.g. in form of rapid bus systems on
dedicated lanes for commuter traffic to/from Accra

Taxation of vehicles based on energy use and emission levels according to

periodic measurementwith a focus on ensuring necessary enforcement
options.
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These measures can contribute to offering more envirorfmently mob-
rized transport options and creating incentives to make individual transport use
more efficient in a short to medium term.

Other mitigation measures in the long run are recenurd to include a
stronger focus on:

A Managing spacial/urban planning to create more coherence betwéen hab
tation areas and the transport system, especially public transport, which
can reduce the increase in demand for road transport

A Creating better coritibns for nonmotorized transport such as bicycles

Although a country like Ghana needs to increase mobility as a precondition for
economic growth measures can be taken to reduce the increasgem&O

sions per transported unit without hampering theneodc development. More
energy efficient transport solutions and vehicles will often also be less costly
due to saved energy/fuel costs.
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1 Introduction and background
1.1 Introduction

1.1.1  Aim

The World Bank has contracted a study on "making transport cliesiteent”

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 the extent and nature of technicaband ec
nomical challenges that the road secsdiacing due to climate change,
climate variability and extreme weather events

A Undertake analytical work to deliver guidelines for road transport policy
decisionmakers on options to protect Africa's transport infrastructure and
services

A Contribute to the@rocess of creating awareness on climate risks and how
Africa's transport could adapt to climate change.

The work is based on desk research and information on the situation in three
case countries selected by the World Bank, namely Ethiopia, Ghanacand M
zambique.

This report covers the findings for Ghana based on desk research and data and
information collected during a mission in Ghana in August 2010 where a good
and fruitful dialogue with key national stakeholders was initiated.

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

1.1.2 Approach
The approach has been:

i.  Establishing a consolidated presentation of currently modeled climate
change scenarios for year 2050 with emphasis on parameters af-partic
lar importance for road transport.

ii.  Quantifying the 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 impact risk.
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iii.  Developing and prelimiary 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 including the-clima

ic and hydrologickconditions 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 infrastructure. The safetykd 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 impact will be.
But it is equally importat to ask how the climate and environment canxe e
pected to affect the infrastructure.

Road design and specific climate conditions should always be closely linked.
The challenge in many countries, including Ghana, is that climate change will
result in a @viation from the observed historical climate conditions ancatther

fore potentially lead to new requirements for design standards if the same levels
of service and safety of today shall be maintained for the future.

1.1.3 Outputs

The main outputs and recommendas 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 challenges in relation to climate change f
road assets and what measures can be taken?

T

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 are the recommended measuresshaat and longerm perspective?
1.2  Summary of conclusions

1.2.1 Climate change scenarios and predictions
The observed trends in climate change in Ghana so far show:

A Increased average temperatures

A Increased number of hot days and nights

A No trend in precipitation fiing in heavy events
A

No significant longterm trend in average annual rainfall per morth a
though there is seen a small decrease since a very wet period around 1960.
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The specific analyses in this study are based on four climate scenarios for 2050
- chosen by the World Bank and consistent with the scenarios used irothe Ec
nomics of Adaptation to Climate Change (EACC) projadiich illustrate the
spread in climate predictions for the country representing the driest and wettest
expectations from the aitable set of all Global Circulation Models and SRES
emissions scenarios:

No. Scenario name GCM climate model IPPC emission
applied scenario
1 "Global Wet" NCAR-CCSM3.0 SRES A2
2 "Global Dry" CSIRO-MK3.0 SRES A2
3 "Ghana Wet" NCAR-PCMI/ SRES Alb/
BCCR-BCM2.0, SRES A2
4 "Ghana Dry" IPSL-CM4 SRES B1

All scenarios result in higher temperatures than today. The "Global Dryd-scen
rio results in significantly more annual (but not more intensive) precipitation.
The two "wet scenarios” result only in margfiy more annual precipitation,

but with higher intensity.

The main findings from the 4 specific Ghana scenarios can be summarized as
follows:

A The mean temperature increase will range frdt@ 1o 2°C. The impact is
higher asphalt temperature, dust, arateased evaporation.

A The annual rainfall increase will range frer@% till 18%, most in the
south and less in the north. The impacts of more rain are increased runoff,
increased river flow, increased soil moisture, and an increased level of
groundwater.

A Heavy rain will be more frequent and the design storms for roads etc. will
increase with an estimatet to 36% in intensity for a 3gear storm and
with 0% - 39% for a 106year storm. The impact is increased frequency of
flash floods, erosion, sedimesmd landslide and a large need for more
drainage.
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The results of the climate models clearly demonstrate that future rain patterns
are complicated to predict and that much still has to be learned to understand
what will happen with a higher degree of cary which can lead to more
substantiated risk assessments when designing infrastructure. However, the
climate scenarios demonstrate that Ghana with high likelihood will experience
more frequent high intensity rainfall and raising sea levels. If soligtatian
strategies are not implemented the costs of materialized risks can be very high.

The study hasbuilding on the results of the 4 specific climate scenare-
duced a first estimate of new design curves for roads, which are use to est
matethe need for enlargement of drainage facilities for roads and for estimates
of the increase in precipitation and the frequency of critical storms that exceed
the old design level for the existing structures. From a design point of view the
two "wet" scendos result in almost identical requirements to changes in design
parameters, whereas the two "dry scenarios" result in requirements as for the
climate today.

1.2.2 The current road network

Ghana had in 2008 an estimated classified road network of approximately
66,000 km of which around 13,000 km are paved. 81% of the paved roads and
65% of the unpaved roads are recorded to be in fair or good conditiondAccor
ing to Ghana Highway Authority (GHA) 95% of the 350 bridges for which the
condition is known are reporteéd be in fair to good condition.

All elements of design for all types of roads and structures (paved trunk roads,
gravel, community roads) are included in the Ghana pavement design and
bridge design manuals, but the rainfall and hydrology charts arel®8mand

may need updating.

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

A The choice of location (alignment), designd construction
A The climate and topography that the road passes through
A The traffic loading; and

A The maintenance.

Many of the current problems that are seen in Ghana are not clieteatied,

but are amplified by the climate. For example, overloadirfzealry trucks will

have damaging effects on 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 quicker than their design life.

1.2.3 Climate change impacts on roads

The largest problems facing the current Ghanaian road network seem to be
overloading and missing maintenance and repair. The most influential climate
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impacts orroads will in the future come from changes 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 is the i
crease in pak flow and floods and associated scour and bank erosion. &he pr
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.

The success of a bridge ispgadent on its hydraulic capacity, the stability 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 notlanfyrotection of

the substructure from scour, but also by 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 to handle the sedimentation.

Reinforced concrete pipe culverts are not designed to have capacity for large
scale floods greater than-B5-year return interval, but they should be designed
so that the road they are @ved by is not washed out during large floodd- Cu
vert sizes should be increased in areas where the potential for damageg is grea
est, such as in areas with large fills. Maintenance needs to be increased for all
culverts in highrisk areas.

Change in precigtation volumes and patterns- roads

The design requirements for the new paved trunk roads are on a high level. The
problems seen today in the trunk roads are the result of a combination of diffe
ent factors such as lack of maintenance, poor drainagelesigh that cannot
accommodate the overloaded traffic. More effort needs to be spent on drainage
of the road section. Maintenance becomes even more critical with increased or
more intensive rain.

The stability of slopes will be adversely affected byrammease 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 during construction for the lower class roads. Laledsare 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 increased flooding, and the suitability of building
roadsin river valleys needs to be investigated. Slopeagetation could beer

quired on all impacted slopes.

Drainage systems should be upgraded in areas that have historicaly exp

rienced flooding. Investigations should be done to find if it is cost bealettci
upgrade the drainage systems in these areas before a drainage failure occurs, or
afterwards during repair or reconstruction.
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Sea level rise, storm surge and cyclones

The main effects are that the infrastructure in low coastal areas is exposed to
greater risk of being damaged, if protecting measures are not taken, but the si
uation in the next half decade is not predicted to be that different from today
and impacts are of a local nature. Although areas at risk can be found along
most of the coast linghe largest risks are found in the eastern part of the coast.
Roads are only a minor part of the infrastructure at risk and cannot be cons
dered or protected in isolation, and the costs of climate change measures such
as constructing seawalls for theiest cannot meaningfully be considered road
costs.

Temperature increases
The main effects from changes in temperatures will be for bridges anditumi
ous pavements.

Bridges are already designed with temperature gradients in mind. The change
in temperature in Ghana over the next 50 years is not expected to require a
change in the methodology of designing bridges, but the design temperature
should be higher. The incream maintenance required will not be substantially
higher than what it should be already.

Temperature has an affect on the stiffness of asphalt. A poor asphalt mix will
have a greater chance of cracking and other deformations if the temperature
gradiens 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 with respect to @nder s
lection can be made at regusarvice / 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 cycle, as
asphalt cost is almost the same for the chifie types of penetration grade a

phalt.

Maintenance needs

Maintenance to the drainage network becomes all the more importanbwith i
creases in the number of high intensity storms. Routine maintenance, before,
during and after the rainy season and afterrhore 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 are filled up
with sediment.

The maintenance need will increase acowrdo the more frequent heavymai

fall causing a larger and more frequent flow in the system and more sediment
from erosion of the surrounding areas or the roadside drain itself. It should be
investigated if it is feasible to change and/or enlarge thaaiya 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 chalaged need

for increased maintenance.
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1.2.4 Design guidelines

Existing guidelines generally

Thepredicted climate change in heavy rainfalls seems to follow almost the
same pattern in the regions. The big difference in the predicted change is in the
average monthly precipitation. The predictions indicate that the southern parts
of the country are giehg wetter and the northern parts are probably getting

drier, but the design storms are predicted to increase in frequency and intensity
in all areas.

The existing manuals are good foundations for ensuring the best possible road
and structures construction the future, provided that the rainfall and hydrol

gy charts are updated. The majority of the manuals are taken from other well
established manuals such as the AASHTO design recommendations.

The engineering solutions needed to make a clirestidiert road can to a very

large extent be found in these manuals from solutions to hydraldied pro-

lems such as scour and sedimentation to problem soils and sub grade problems
as well as slope stability and surface drainage solutions.

Research is need@dthe accuracy of the design parameters to predict sadime
tation and runoff in the varied Ghanaian landscape. The design stormeparam
ters are recommended to be adjusted to reflect the anticipated more intensive
rainfall in the future. A first preliminargstimate of the need for changes in the
design 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 clirelated issues and
solutions are presentetearly in an additional chapter. A chapter 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 climateearvironmental impacts
on the roads would make it easier for the designer to choose quickly and eff
ciently.

The recommendations listed in this report cover guidelines for climatenand e
vironmental considerations that should be started immediateljaiioreto the
very first planning considerations and in the later design, maintenance-and 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 economicslasgsified roads in Ghana. 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 purpogle)distribution of

costs for an asphaftaved DBST standard road with an average cost of around
773,000 USD per km (2010 costs based on GHA data) including structures. In
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addition, an estimate of typical additional construction costs has been made if a
new road was to be constructed so it is fully adapted to the predicted climate
changes in the applied scenarios in year 2050 compared to the current design
standards.

Tablel.1 Road construction cost distrkion today and the estimated increase in
costs if the roads should be designed to the predicted climate in 2050
Percentage of total Percentage costs
costs today increase
Description Global & Ghana Wet
General 5.7% 0%
Site Clearance 0.4% 0%
Drainage 6.6% 10-15%
Earthworks 12.3% 5-10%
Sub base, Road Base and Gravel
Wearing Course
Bituminius Surfacings and Road 45.1% >%
Bases
Structures 8.2% 5-20%
Ancillary Works 3.3% 5%
Day works 0.4% 2%
Subtotal 82.0%
Contingencies + Other Fees 13.9% 0%
Supervision 4.1% 0%
Total 100.0%
Cost Increase Percentage 5.0% - 7,6%

Source: consultant

The largest cost elements of a typical km asphalt road today are by far the earth
works and the road base and surfacing. The main cost items avbitikely to
increase in order to make a typical Ghanaian road adapted to predicted climate
change are earth works, the road base, surfacing and the structures, but in the
end the actual costs will depend heavily on the specific local conditions. A best
estimate is that costs in average will increase between 5% and 8% for a new or
newly reconstructed road due to climate change for the same risk psafile b
tween now and 2050.

High standard gravel roads are expected to require cost increases in the same
areasas paved roads, plus the additional cost of sealing in areas with high gr
dients and high rainfall. The cost of a new cliraagsilient gravel road isxe

pected to increase roughly between 15% and 30%, mostly due to increases in
sealing roads.
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The costof making urban roads cannot be judged independently from the ge
eral situation for cities and towns. The adequacy of the drainage and sewerage
systems is the key determinant for the success of roads in urban areas.

1.4  Economic costs and benefits of adaption

The frequency of disruptions of roads must be expected to increase if adaption
measures to climate change are not taken. Although observed information on
typical frequencies of disruption and number of people affected cannbt be o
tained, an attempt hasdiemade to assess the potential costs using standa
dized, but realistic assumptions about frequency of disruption, number of
people affected, waiting times and likely detours.

The costs of climate changes in the period 202@60 are roughly estimated at
around G 1.1 billion USD in 2009 net present valuef which increased mat
tenance costs are by far more important than the costs of changed designs. Ot
er conclusions are:

A The cost to road users due to climegtated incidents may be substantial
evenwith today's climate and is expected to increase with as much as 30%
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 culverts and riverbank protection. For
structures the specific conditions decide if it is economically feasible to
adapt fully to the climate change. The situation for roadside drainage has to
be assessed together with the expected maintersrategy.

A For the existing network, an adaptation strategy where adaptation takes
place as the life time of the infrastructure is exceeded or the infrastructure
is destroyed by climatdor other) related incidents is expected to ke pr
ferable.

A For theexisting road network the climate changes will incur costs to 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 robarsti acknowledge
that the current scenarios and climate models show a large variabiligrin pr
dicted rainfall patterns, which are the most important design criteriaddsr
and structures.

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

A climateresilient road in the future in Ghana will be very similar to a climate
resilient road right now. Ghana has the knowledge and materials needed to d
sign and keep their roads up to stadd# key element to ensuring climage r
silience after the initial construction is sufficient maintenance.

In the short term (next 5 years), the following initiatives are recommended:

A

A

Research is needed in the accuracy of the design parameters itimpyedic

sedimentation and runoff.

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 to an acceptable future safety level.

The degjn manuals are recommended to be revised so that they clearly
present climateelated issues and solutions e.g. in an additional chapter.
Having a chapter dedicated to the climate and environmental impacts on

the roads would make it easier for the desigoehoose quickly and eff

ciently.

As the maintenance need will increase according to the expected sore fr
qguent heavy rainfall, it is recommended to investigate if it is feasible to
change and/or enlarge the drainage system in specific areas prone to er
sion and flooding to reduce the risk of total failure and consequential da
age and for reduction of the climate changlated need for increased
maintenance.

In the long term the following initiatives are recommended:

A Establishment of a process to revielmaterelated 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 focusenaintenance strategies.

Development of reliable and accurate hydrology models, as it is a common
problem that this is lacking.
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2 Climate risk scenarios for Ghana

2.1  Climate characteristics for Ghana
The overall characteristics for Ghana are illustrateeigare2.1.

Figure2.1  Topographical map of Ghana

ATLANTIC
OCEAN
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Ghana s located in West Africa on the Guinea Coastlatitudes of 412CN,
the climate of Ghana is tropical, and strongly influenced by the West African
Monsoon.

The rainfall seasons of Ghana are controlled by the movement of the tropical
rain belt (also known as the Int&ropical Conversion ZonéTCZ), which
oscillates between the northern and southern tropics over the course of a year.

The dominant wind direction in regions south of the ITCZ is seatterly,

blowing moist air from the Atlantic onto the continent, but north of the ITCZ

the prevding winds come from the north east, bringing hot and dusty air from

t he Sahara desert (known as the OHar
its north and south positions over the course of the year, the regions between
these those northern and soutireost positions of the ITCZ experience a shift
between the two opposing prevailing wind directions. This pattern is referred

to as the West African Monsoon.

In northern Ghana, there is a single wet season occurring between May and
November, when the ITCig in its northern position and the prevailing wind

is southwesterly, and a dry season between December and March when the
OHar matt and weastedy. Tihé northern amdceritrdl regias r

ceive 150250mm per month in the peak months of the wassa (July to
September). The southern regions of Ghana have two wet seasons, one in
March to July, and a shorter wet season in September to Novembes; corre
ponding to the northern and southern passages of the ITCZ across the region.

The seasonal rainfalh this region varies considerably on intarnual andni-
ter-decadal timescales, due in part to variations in the movements and intensity
of the ITCZ, and variations in timing and intensity of the West AfricamMo

soon. The most well documented cause ofeheariations is the El Nifio

Southern Oscillation (ENSO). El Nifio events are associated with drier than
average conditions in West Africa.

Seasonal variations in temperature in Ghana are greatest in the north, with
highest temperatures in the hot, dry sea@\MJ) at 2730°C, and lowest in
JAS at 2527°C. Further south, temperatures reack2Z%C in the warmest
season JFM, and 22Z5°C at their lowest in JAS.

This means that long term trends are difficult to identify. Rainfall over Ghana
was particularly hig in the 1960s, and decreased to particularly low levels in

the late 1970s and early 1980s, which causes an overall decreasing trend in the
period 1960 to 2006, of an average 2.3 mm.

1 The description of the climate in Ghana builds on the UNDP Climate Change Country
Profile for Ghana.
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2.1.1 Experienced droughts, floods, cyclones etc in Ghana

There has been expenced several floods in Ghana. Floods originate from
both flooding rivers and storm surge from the sea.

In September 2007 there was serious flooding over the White Volth-catc
ment in the northern part of Ghana and in Jdal 2010 Tarkwa Munie

pality washit by serious damages caused by heavy rainfall and flooded ri
ers. More bridges were washed away and isolated towns for longer periods.
Floods from storm surge occur frequently in the lower White Volta area i
cluding Ada.

According to Dr. J.A. Yaro, Unirsity of Ghana, the flood plains of the Red
and White Volta which flows through the Upper East Region through the
Northern Region to the Volta Region was low lying. Due to the impacts of
climate change, the flood plain which is clayey due to predominahce
ground water laterites in addition to flat topography is vulnerable tafloo
ing anytime there is a heavy downpour. This is more frequent now than it
used to be in the past leading to poverty androigiration in the commun
ties along the river.

Figure2.2 A man leaves his flooded house in Ashiaman, in the Greater Accra
region, 21 June, 2010

Source: Photo AFP
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Figure2.3 Bridges, soil and houses washed avigyflood in Swedru, Central
Province, June 2010

Source: Consultant

A study is ongoing in the three northern regions for mapping thesexp

rienced floods and the flood prone areas. The objective is to raise awareness
on climate change and variabilitgnd establish information in the three
Northern Regions.

Figure2.4 Flooding in Lower White Volta SuBasin. Experienced in 1999,
2007 and 2008 and the calculated potential flood prone areas
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Figure25  Coastal zone of Ghana, defined as land below 30 m. The green line
is the 15 m contour line.
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2.1.2 Trends in climate change so far
The trend in climate change so far shows:

A
A

A

A
A

slightly increased annual mean temperature (abouf®.&lery ten years),

significant increased in number of hot days and nights (13% every ten
years)

no real long term trend in mean annual rainfall per moutlaldecrease of
2.5% every ten years since the very wet period around 1960

there are no trend in precipitation falling in heavy events

there are no trend in frequency of tropical cyclones and storm surge.

In the UNDP Climate Change Country Profile for @adhe recent climate
trends (196€2006) are described briefly as:

Temperature:

A Mean annual temperaturehas increased by P© since 1960, an average
rate of 0.29C per decade. The rate of increase has been most rapid in AMJ,
a around 0.2ZC per decade.

A The rate of increase has generally been more rapid in the northern regions of
the country than in the south.

A Dailytemperatured at a i ndi cate that tnhe fre
creased significantly in all seaso
Ni ghts has increased significantly

defined by the temperature exceeded on 10% of days or nights in current
climate of that region and season.
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- Theaveraga u mb er o f pebyear in Ghamhdags tcreased by
48 (an additional 13.2% of days) between 1960 and 2003. The rate of
increase is seen most strongly in SON when the average number of hot
SON days has increased by 7.2 days per month (an additional 23.3%
of SON days) ovethis period.

- The average number of O6hotdi-ni gh
tional 20% of nights) between 1960 and 2003. The rate of increase is
seen most strongly in SON when the average number of hot SON
nights has increased by 8.9 days per masthadditional 28.8% of
SON nights) over this period.

A The frequency of cold days and nights has decreased significantly since

1960 in some seasons. O6Col dém-days
perature below which 10% of days or nights are recordeariant climate
of that region or season.

- Theaveraga u mber of péryearhas decrdased by 12
(3.3% of days) between 1960 and 2003. This rate of decrease is most
rapid in summer (JJA) when the average number of cold summer days
has decreased l2y1 days per month (6.8% of summer days) over this
period.

- The average number of 6col dd nig
(5.1% of days). This rate of decrease is most rapid in SON when the
average number of cold SON nights has decreased by 2.8 péghts
month (9% of SON nights) over this period.

Precipitation:

A

2.2

Annual rainfall in Ghana is highly variable on intannual and inter

decadal timescales. This means that long term trends are difficult to identify.
Rainfall over Ghana was patrticularly highthe 1960s, and decreased to
particularly low levels in the late 1970s and early 1980s, which causes an
overall decreasing trend in the period 1960 to 2006, of an average 2.3mm
per month (2.4%) per decade.

There is no evidence of a trend in the proporibrainfall that falls in
Oheavygdiecventti 8960. A OHeavyd eorent
tal which exceeds the threshold that is exceeded on 5% of rainy days in cu
rent the climate of that region and season

Observed 1and 5day rainfall maxna do not indicate consistent trends.

Emission scenarios and climate models

2.2.1 SRES emissions scenario by IPCC

IPCC has given four main emission scenarios and morsciarios in the
IPCC Special Report on Emissions Scenarios, 2000 (SRES).
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Temperature Anomaly (°C)

Precipitation Anomaly (mm)

|
S}

1960

The A2 storylire and scenario family describes a very heterogeneous world.
The underlying theme is sai¢liance and preservation of local identities. Ferti
ity patterns across regions converge very slowly, which results in continuously
increasing global population. Ecamic development is primarily regionally
oriented and per capita economic growth and technological changes are more
fragmented and slower than in other storylines.

For Ghana the lonterm temperature changes caused by SRES A2 scenario
seems to be slightharger than caused by SRES A1B scenario, which has been
used for some studies in the region. The climate changes in the négt 40

years until 205650 seems to be of the same magnitude for SRES A2, A1B and
B1 scenarios as presentedrigure 2.6. The change in temperature is lowest in
the "optimistic" SRES B1 scenario.

This study covers the period up to year 22480. In this period the climate
change are limited and of the same magnitude for the individual SRE&-scen
rios, while change in temperature seems to accelerate in the period from 2040
to 2100. The average monthly precipitation does not change during the period
up to 2100 in any of the SRES.

Figure2.6 = Comparison of climate consequences in Ghana caused by SRES A1B,
SRES A2 scenario and SRES B1 scenario. (UNDP Climate Change
Country Profile)
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2.2.2 Climate models

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

The grid size is around 200x200 km (2.5 X°2.9 hese models show different
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
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different results and parameters found in the chosen GCMs. It is nat+eco
mended to use only one GCM, but to use a weighted average.

In this study it is chosen to use the weightlhate change predictions found

and reported by UNDP in the Climate Change Country Profile for Ghana for

the general description of the expected climate change in Ghana. More detailed
information on the estimated climate change consequences for treefected
climate scenarios for this study is given in Chagtdr

The climate models used by UNDP are a-sebof 15 from the 2thember
ensemblaised by IPCC in 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://countnprofiles.geogox.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 Ghana. These illustrations should argue for a relaxed relationship © the a
curacy inthe results and forecasts based on different SRES and GCM.
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Example 1:

Figure 2.7 UNDRP illustration of maximum, weighted average and minimum for %
change in monthly precipitation (annual average) in Ghaonanfthe
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 dets indicating decrease and models
indicating almost the same increase in monthly precipitation. On average there
seems to be a minor increase (3%) in monthly precipitation.
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Example 2:

Figure 2.8 Predictedanomaly of mean monthly precipitation (mm) for the summer
rainy season, JJA, using daily data downscaled from three GCMs.
SRES A2 scenario and change from around 1990 to 2085. ref.: AR4,
WG1 (chapter 11)
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The predicted change in monthly precipitation a2®762100 shown above
illustrates that the differences are larger than seen for the shorter time horizon
until 2050, which is used in this study. The forecasts show very clearly that
there is difference in the predicted monthly precipitation in the eortpart of
Ghana between HadAMS indicatirg0 mm and ECHAMA4.5 indicating0

mm. All three models shows increased precipitation in JJA in the southern part
of the country and decreased precipitation in that period in the northern part of
the country.

2.3  Climate change characteristics

2.3.1 Climate change in general for Ghana

Following general comments on climate change in Ghana until 2060 are based
on the information in the UNDP Climate Change Country Report for the SRES
A2 scenario. For specific climate changefated to the four chosen climate
scenarios for this study, see Chajaet

Temperature
A The mean annual temperature is projected to increak® by 3.6C by the

2060s.

A The projected rate of warming is most rapid in the northern inland regions
of Ghana than in the coastal regions.

A All projections indicate substantial increases in the frequency of days and
ni ghts that ar eentcimate,ibutherrange ofpioje t 6 |
tions between different models is large.
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A

Annuall vy, projections i ndb%®aot e t
days by the 2060s. Days consider
for their season may increase mosiahpin JAS, occurring on 34

99% of days of the season by the 2090s.

Ni ghts that are considered®%aehot 6
projected to occur on 289% of nights by the 2060s. Nights that are
considered hot for each season by 1998tandards are projected to
increase most rapidly in JAS, occurring on@®s6 of nights in every
season by the 2090s.

Most projections indicate decreases in the frequency of days and nights that
are considered 6col dbé i ntsocouranent c
less than 3% of days by the 2090s.

Although the projected mean temperature increases most rapidly irethe int
rior regions of Ghana than near the coast, the projected changes in the daily
temperature extremes ( &lGlanatre mrgedt 6 c
in the coastal areas, and smaller inland.

Precipitation

A

Projections of mean annual rainfall averaged over the country from different
models in the ensemble project a wide range of changes in precipitation for
Ghana, with around half theodels projecting increases and half projecting
decreases.

Seasonally, the projections tend towards decreases in JFM and AMJ rai
fall, and increases in JAS and OND rainfall.

The proportion of total annua-l rai
wards increases in the ensemble projections. Seasonally, this varies between
tendencies to decrease in JFM and to increases in JAS and OND, but the
range of changes projected by the ensemble includes both increases and d
creases in all seasons.

Projected charesp in T and 5day rainfall maxima tend towards increases,
but projections range between both increases and decreases in all seasons.

Other regional climate change information

A

Model simulations of precipitation changes for the Sahelian and Guinea
coast remns of Africa are strongly divergent and most models fail tarepr
duce realistic inteannual and intedecadal rainfall variability in the Sahel

in 20th century simulations. Our understanding of the processes causing
tropical rainfall is insufficient t@llow a prediction of the direction of
change with any certainty. The IPCC identify this as an area requiring fu
ther research to understand the variety of model responses in this region
(Christensen et al., 2007).
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A Model simulations show wide disagreementprojected changes in the
amplitude of future El Nifio events. West African climate can be strongly
influenced by ENSO, thus contributing to uncertainty in climate projections
for this region.

A The coastal regions of Ghana may be vulnerable tiegehise. Sedevel
in this region is projected by climate models to rise by the following levels5
by the 2090s, relative to 1980999 sedevel:

- 0.13t0 0.43m under SRES B1
- 0.16 to 0.53m under SRES A1B
- 0.18 to 0.56m under SRES A2.

For further information onlienate projections for Africa, see Christensen etal.
(2007) 1 PCC Working Group | Report:
11 (Regional Climate projections): Section 11.2 (Africa).

The Intergovernmental Panel on Climate Change (IPCC) issued its 2007 re
summary on 2 February. It says that sea level has risen 150 mm in thenpast ce
tury and will increase by 300 mm or more by 2100. It also reports that "it is
likely that future tropical cyclones (typhoons and hurricanes) will become more
intense, witharger peak wind speeds and heavier precipitation”.

2.3.2 Climate change with most influence on roads and

transportation in Ghana
The most relevant climate changes related to road and transportation in Ghana
are:

A Temperature (and evaporation)
A Rain (intensity/frquency and volume)

A Sealevelrise.

The coastline in Ghana is vulnerable for tropical cyclones and storm surge and
erosion caused by the rising sea level. The coastal zone and the five large cities
located in the coastal zone are all ready today vulnetalgetreme events

above the current defense standards of structural protection. The increase in sea
level is limited in the period up to 2050, and very little compared to thesea le

el during storm surge and heavy tropical cyclones. The change in freqpfency
tropical cyclones and storm surge is very uncertain and most of the irgrastru
ture are prepared for these heavy events or located in safe distance from the
costal zone that is most exposed by the heavy events. There fore the sea level
rise is not the ig concern in relation to roads alone. The higher general gea le

el will influence the slope available for the rivers and by that cause a higher
water level in the lower part of the rivers especially during max flow.

Much of the coastline of Ghana is sabmprisingof muddy river sediments
and sand, backed by land witw relief and extensive lowying coastal plains.
This is particularly true of the western provinces, which are characterized by
the delta for Voltadraining the continental interior, apdoneto flooding on an
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annual basis. The coastline has a seriestofiries and deltas, which shiftéa r
sponse to the frequetibods and deposits of large amounts of sediment. Coastal
erosion is a problem along the dynamic coastliine rate oerosion recorded
ranges from 4.2 m/yearPeoplejnfrastructure and services in harbor cities
such as Adare in constant need of protection already today.

The numbers of cyclones are too small to drawsagnyificant conclusionser
garding trends.

Most of the adaptation measures for reduction of the tread from cyclones and
sea level rise will be done for protection of cities and settled areas and not for
the roads only. Because of this and the uncertainties and the expected limited
change in cyclone evenand storm surge/ sea level rise it is chosen notrto co
centrate on adaptation measures for roads related to the limited change in cy
lones and storm surge.

Also the change in temperature is very little and will have a very limiteatinfl
ence on the roastructures and the need for operation and maintenance.

The general key figures for the relevant changes in Ghana until 2050 can be
summarized as (for the range in the specific four climate scenarios investigated
in this study, see Chapt2rd):

A The mean annual temperature increase will range frof 1c03.0C and
the number of annual "hot" days will increase from 11% t&9% of all
days. The impads change in asphalt temperature. Increase in temperature
will cause dust and increased evaporation

A The annual rainfall is almost unchanged. Increase will range-fto#b till
10%, most in south and less in north. The impacts of is increased rainfall
areincreased runoff, increased river flow, soil moisture, groundwater.

A Days with heavy rain will be almost unchanget to 10%) but theest
sign storms for roads etc. will increase with an estimate8696 in inten-
sity for a 10year storm and with ©39% for a 100 year storm. Thei
pacts are increased frequency of flash floods, erosion, sediment and
landslide.

The predicted change in temperature in the 4 study specific scenarios until 2050
is up till around 2C as annual average, which is slightly less tadicted as

an average of predictions in the UNDP Climate Change Country Report. An
increased temperature influences the general temperature of the raads. Co
bined with the increase of "hot" days and nights the number of days with high
and critical tempeature for e.g. the asphalt will increase. Furthermore, higher
temperatures will give more frequent occurrence of dust from gravel roads and
increased evaporation of rain and moisture in the soill.

The consequences for roads are based on an estimateesuhimg change 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.
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There are no forecasts available on very short extreme rainfall. Therei-are est
mates of the memaverage maximum rainfall inday rainfall. The existing
design storms used in the drainage design manuals in nearby countries are
based on historical 2dour rainfalls. These data are used to find design curves
for shorter and more intensive storms.

In this study, the same calculation method, as used idréieage design a3
nuals in nearby countrieis, used to establish new design curves for year 2050.

2.4  Climate change for scenarios in this study

The specific analyses in this study are based on 4tdiscenarios for Ghana
representing the span in expected future climate situations from dry tcwet 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 fAEconomics of Adaptat:i

All proposed measures and recommendations in the report aim to address the
range in the future climate resulting from the 4 climate scenarios.

The climate scenarios chosen by the WorldBare:

GCM-model Emission scenario
AGlI obal We NGAR-CCSM3.0 SRES A2
AGlI obal Dr @RIROMK3.0 SRES A2
AGhana Wet NCAR-PCM1 SRES Al1B
(BCCRBCM2.0 SRES A2)
AGhana Dr yiSLCM4 SRES B1

The true "Ghana wet" GCMresprojection (ncar_pcmiAlb) does not @-
duce daily weather data, needed for this study. Therefore the next wettest
GCM-sres projection which has daily data available (bccr_bcm22) for
Ghana was used instead.

For these four scenarios data and redhdtse been processed by the University
of Colorad@ especially for this study with focus on precipitation, temperature
and runoff for the present climate situation and the future situation inehe p
riod around 2050 and around 2100. An introduction taltita base and data
processing can be found in the appendix.

2 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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There are no information on cyclones or rising sea level and storm surlge avai
able for the four specific chosen climate change scenarios.

2.4.1 Key figures for the climate scenarios

Some of the most sential figures for the received climate information are pr
sentedrigure2.9 andFigure2.10. The focus is on temperature and preaipit
tion in heavy events.
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Figure 2.9 Temperature. Annual daily max temperature.
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AGhana Wet-BCM2, EREGEBR A Ghana
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Figure 2.10Precipitation. Annual 24 hours maximum rainfall (pr year)
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All received climate data has been processed for the purpose of this study, and
in the following datasheets the main dite data relevant for this study are
summarized for the different climate scenarios:

Table2.1 Climate 2050 on average in Ghana, rain and temperature

Climate 2050 on Average in Ghana, rain and temperature
Hist GW- GD- LW- LD-
NCAR,A: CSIRO,A IPSL,B1 BCCR,/
Precipitation:

Annual Mean Rainfall mm/y 1150 1159 1362 1177 1126
Annual Mean 24 hrs Max. Rainfatim/24hrs 42 49 39 47 43
Annual Mean 5 days Max. Rainfallmm/5d 85 91 78 92 87
Annual days with rainfall daysly 181 178 178 178 178
Temperature:

Annual Mean deg C 25,9 27,2 27,9 27,2 26,8
Annual Min. deg C 22,3 23,5 23,9 23,4 23,2
Annual Max. deg C 29,9 31,4 32,4 31,4 31,0
Annual days with heat waves daysly 1 0 0 0 0
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Table2.2 Climate 20002050 on average in Ghana

Climate Change 2000->2050 on Average in Ghana
Hist GW- GD- LW- LD-

Increase from 2000 to 2050 NCAR,A: CSIRO,A IPSL,B1 BCCR,#
Precipitation:

Annual Mean Rainfall mm/y 0 9 211 27 -24
Annual Mean 24 hrs Max. Rainfatim/24hrs 0 7 -3 5 1
Annual Mean 5 days Max. Rainfalinm/5d 0 5 -7 7 2
Annual days with rainfall daysly 0 -3 -3 -3 -3
Temperature:

Annual Mean deg C 0 1,3 2,0 1,3 1,0
Annual Min. deg C 0 1,2 1,6 1,1 0,9
Annual Max. deg C 0 1,5 2,5 1,5 1,1
Annual days with heat waves daysly 0 -1 -1 -1 -1

Table2.3 % Climate change 2002050 on average in Ghana
% Climate Change 2000->2050 on Average in Ghana

Hist GW- GD- LW- LD-
% Increase from 2000 to 2050 NCAR,A! CSIRO,A IPSL,B]1 BCCR,/
Precipitation:
Annual Mean Rainfall mm/y 0 1% 18% 2% -2%
Annual Mean 24 hrs Max. Rainfatim/24hrs 0 16% -8% 11% 2%
Annual Mean 5 days Max. Rainfalmm/5d 0 6% -8% 8% 2%
Annual days with rainfall daysly 0 -2% -2% -2% -2%
Temperature:
Annual Mean deg C 0 5% 8% 5% 4%
Annual Min. deg C 0 5% 7% 5% 4%
Annual Max. deg C 0 5% 8% 5% 4%
Annual days with heat waves daysly 0 -100% -100% -100% -100%

In the World Bank study "Economics of Adaptation to Climate Change"
(EACC) report from 2010 on the case stdior Ghana the change in surface

flow as monthly average are given for the different regions. For roads it is the
extreme events that are most important for the design, but the average surface
flow tells something about the change in daily load on bridggsals and road
protection walls along rivers.
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Figure2.11 Change in monthly average surface flow in the Ghana Dry Scenario
(left) and Ghana Wet Scenario (right).
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Source: World Bank: "Ghana, Ecomics of Adaptation to Climate Change”,
2010

Figure2.12 Projected runoff Changes for 2050 by Major SRéwsin (percent).
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Source: World Bank: "Economics of Adaptation to Climate Change",2010.
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2.4.2 Design curves for the future climate, 2050

One of the key issues in this study is to find the design storms for the future
situation. More of the existing Drainage Design Manuals for countries in the

sub Sahara region use design storms based on the 2draonpitation for d

ferent return periods. In the following tables some of the key results on design
curves based on the principles in these sources are summarized. The results are
used to establish curves for the future climate situation in 2050 fehtdsen

four climate scenarios. The main principle for the curves and calculations are
similar to the methods used in the design manual for Ethiopia, as there are no
similar design manual specifically for Ghana.

Curves for the heavy storms with differeaturn periods are established by two
methods. First they are calculated directly from the given predicted future cl
mate data for the four climate scenarios and secondly calculated as "smooth"
curves based on the same kind of formulas as the present d&sig curves,

but with slightly revised parameter values. The direct method gives almost
smooth curves, but some single values lay unrealistically far from the smooth
curve, why it is chosen to use the formula based heavy storm curves fa-evalu
tion of the change in return periods. For the same reason the formula based
smooth curves are used as basis curves for design of new structuras and e
largement or reinforcement of existing roads, culverts, bridges etc.

Instead of making new design curves for edohate scenario, it is chosen to

use the % increase in future storms for each of the four climate scenanios co
pared to the present/historical storm with the same return period. Thisperce
tage is used to assess the need for new design, enlargementceeneiat etc.

for roads, culverts, bridges etc. in the future as a result of climate change. This
means that the same relative "reserve" is maintained in the curves used for the
assessed future current design standard as in the standard today.

It is also @lculated how much the return periods will be reduced for the heavy
storms. These figures are used to calculate the cost of more frequent damages,
blocking of roads, increased repair and maintenance etc. As an example it can
be mentioned that the presef@0lyear storm in Ghana, will occur once every

18 year in the future (2050), if the predictions for "Global Wet"; NEAR

CCSM, SRES A2, are correct for Gharfatimes more often than today. See
Table2.8.
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Table2.4 24 hour maximum precipitation in mm/24h for different return periods,
calculated directly and as smooth curves based on common used form
las for exreme events

24 hour precipitation depth (mm) vs frequency (yrs), Average in Ghana (directly from GCM
mm/24hrs 1 2 5 10 20 50 100
Historical 10 21 28 32 36 42 46
"Global Wet"; NCAR-CCSM, SRES A2 9 22 33 40 47 57 64
"Global Dry"; CSIRO-MK3.0, SRES A2 15 23 29 33 37 42 46
"Ghana Wet"; IPSL, SRES B1 7 28 37 44 50 58 64
"Ghana Dry"; Bccr_bcm2_0-A2 13 20 27 32 36 42 46

24 hour precipitation depth (mm) vs frequency (yrs), Average in Ghana (based on formula4
mm/24hrs 1 2 5 10 20 50 100
Historical 17 21 27 31 36 42 46
"Global Wet"; NCAR-CCSM, SRES A2 15 22 32 40 47 57 64
"Global Dry"; CSIRO-MK3.0, SRES A2 19 23 28 33 37 42 46
"Ghana Wet"; IPSL, SRES B1 21 28 36 43 49 58 64
"Ghana Dry"; Bccr_bcm2_0-A2 16 20 26 31 35 41 46

Note: formula = "smooth" curves

The increase in 24 hour storms should be used for estimates of the increase in
design and for enlargement and reinforcement of roads, culverts, ditches,
bridges etc. but as seen in the followiraple2.5 there are some values that

seems to be uncertain and not in accordance with the regular pattern for change
in precipitation (marked in darkeolor).

Table2.5 % change in 24h precipitation for different return periods based on
direct data from the GCM

% - Change in 24 hour precipitation depth (mm), Average in Ghana.(directly from GCM dat
% increase in design values based om Climate Change up to 2050 compared to present pe
(Future-historical)/historical 1 2 5 10 20 50 100
Historical 0% 0% 0% 0% 0% 0% 0%
"Global Wet"; NCAR-CCSM, SRES A2 -7% 6% 19% 25% 30% 35% 39%
"Global Dry"; CSIRO-MK3.0, SRES A2 45% 9% 5% 3% 2% 1% 1%
"Ghana Wet"; IPSL, SRES B1 -30% 31% 35% 36% 38% 39% 39%
"Ghana Dry"; Bccr_bcm2_0-A2 25% 4% -3% -2% -1% -1% 0%

Instead of using the direct data from the GCM models, it is chosen to use a
smoother pattern fatesign storms based on formulas for the common pattern
for the relations between depth and frequency for heavy storms. The following
table is used for increase in design and for enlargement and reinforcement of
roads, culverts, ditches, bridges etc.
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Table2.6 % change in 24h precipitation for different return periods based on
formulas for smoothing results from the GCM, according to common
pattern for precipitation/frequency

% - Change in 24 hour precipitation depth, Average in Ghana (based on formula+GCM):

mm/24hrs % increase (baseline to 2050) 1 2 5 10 20 50 100
Historical 0% 0% 0% 0% 0% 0% 0%
"Global Wet"; NCAR-CCSM, SRES A2 -10% 6% 19% 26% 31% 36% 39%
"Global Dry"; CSIRO-MK3.0, SRES A2 14% 9% 6% 4% 3% 1% 0%
"Ghana Wet"; IPSL, SRES B1 27% 31% 34% 36% 37% 39% 39%
"Ghana Dry"; Bccr_bcm2_0-A2 5% 3% 2% 1% 1% -1% 0%

Note: formula = "smooth" curves

Table2.7 Absolute change in precipitation per return period

Change in 24 hour precipitation depth (mm), Average in Ghana (based on formula+GCM):

mm/24hrs 1 2 5 10 20 50 100
Historical 0 0 0 0 0 0 0
"Global Wet"; NCAR-CCSM, SRES A2 -2 1 5 8 11 15 18
"Global Dry"; CSIRO-MK3.0, SRES A2 2 2 2 1 1 1 0
"Ghana Wet"; IPSL, SRES B1 5 7 9 11 13 16 18
"Ghana Dry"; Bccr_bcm2_0-A2 -1 -1 -1 0 0 0 0

Note: formula = "smooth" curves

The changes in frequency or return period for a given historical storm are given
in Table2.8. This table is used for evaluation of increased frequency ofglama
es etc. and increased need for repair and maintenance.

Table2.8 Future return period in years for present heavy storm with different
return periods.

New returnperiod - 24 hour precipitation, Average in Ghana (based on formula+GCM):
Future returnperiod in years of a present XX year storm

1 2 5 10 20 50 100
Historical returnperiod 1 2 5 10 20 50 100
"Global Wet"; NCAR-CCSM, SRES A2 1,2 1,8 3,0 4,6 7 12 18
"Global Dry"; CSIRO-MK3.0, SRES A2 0,7 1,4 3,8 8,1 17 46 96
"Ghana Wet"; IPSL, SRES B1 0,6 1,0 1,8 3,0 5 9 14
"Ghana Dry"; Bccr_bcm2_0-A2 1,1 2,2 54 10,7 21 52 102

Note: formula = "smooth" curves
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The change in return period for present design storm is also illustrated as graph
in Figure2.13.

Figure2.13 Change in return period for present design storms
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The figures for present and future 24 hour maximum rainfall are represented in
the following graphFigure2.14.
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Figure2.14 Calculated design curves for the 24h maximum precipitan year
2050 and the present 24h maximum precipitation curve
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The graph shows that the two "wet" climate scenarios result in relative similar
design curves, which can not for any practicable purpose be differentiated. The
two "dry" scenarios resulhidesign curves almost identical with the present
design curve, indicating no need for change in design basis. The graph shows
curves for the present 24h precipitation and the expected future 24h precipit
tion under different scenarios, and these curviis@iused for assessing the
design need, based on theiférease in 24h precipitation from present to 2050
as seen ifrigure2.14 or Table2.6.

The "current design curve" does not exist for the country as such, as there are
no mandatory design standards. Instead individual design curves forrdiffere
projects and for different regions are left for the designer to decide inghe sp
cific project.

2.4.3 Rising sea level, storm surge and cyclones

There are no data available for these issues for the four specific chosen climate
change scenarios. Therefaesults from other new studies have been reviewed.
The conclusion is that specific calculations of the adaptation consequences for
roads can not be included in this study. The main reasons are the lange unce
tainties, the indicated limited change the néxiyears and that adaptation
measures will be initiated for other reasons than for making traasport
tion/roads climate change resilient. Many adaptation measures for disaster risk
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management are urgently needed for protection of the society and values from
damages from the present occurrence of cyclones and storm surge.

In the EACC report it is mentioned that, in Ghana, coastal erosion has been a
major challenge for many years amat therefore been monitored in some sites
over the years. The rate of erosion recorded ranges frb2nd/year.

The sea | evel ri se scenari

0Ss

am-e hi g

munication to the UNFCCC under the Kyoto Protocol. Planners ackdge/!

that sedevel rise impacts are evident, for instance the sandy beaches of the east
coast are already eroding at a phenomenal rate of about 8 m/year; and flooding
of coastal communities do occur during spring tide. However, the cugent d

signs do notake into account the climate related impacts in the shorelne pr
tection design and construction due to the incremental cost.

The Government of Ghana (GoG) has undertaken measures to protect highly
vulnerableareas in the eastern section of the coastlioeg the Keta lagoon.

The Government haadso identified 17 erosion hotspots along the shoreline, of
which 10 have been costed as priority protection projects inyearsmedium

term plan for the period 20142013. Theotal length involved is estimated 76

km.

In the WB report, Sehevel Rise and Storm Surges, April 2009, it is estimated
that the coastal areas in Ghana affected by a 100 year storm surge will increase
with 39%, according to 400 Kirin the future because of climate change as

change irsea level and storm surge.

Figure2.15 Coastal zone of Ghana (AECC report for Ghana, WB, 2010)
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3 Ghana road network

3.1 Introduction

Roads and Highways in Ghana are administered under the Ministry of Roads
andHighways, also sometimes referred to as the Ministry of Transportation.
Underneath the Ministry of Roads and Highways, different agencies were
created that are responsible for the different transport sectors: Ghana Highways
Authority (GHA), Department offrban Roads (DUR) and Department of

Feeder Roads (DFR).

Figure 3.1 Organization of Ministry of Roads and Highways
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RPDC - ROAD PROGRAMME DONNORS COORDINATION

L.

2. DVLA- DRIVER VEHICLE AND LICENS ING AUTHORITY 9. ADMIN. - ADMINISTRATION

3. DUR - DEPARTMENT OF URBAN ROADS 10 PROC - PROCUREMENT

4. DFR - DEPARTMENT OF FEEDER ROADS 1. GHA - GHANAHIGHWAY AUTHORITY
5. NRSC - NATIONAL ROAD SAFETY COMMISSION 12 HR. - HUMAN RESOURCES

6. RSIM - RESEARCH STATISTICS AND INFORMATION MANAGEMENT 13. FIN. - FINANCE

7. GTTC - GHANA TECHNICAL TRAINING INSTITUTE 14. POL.PLAN - POLICY PLANNING

8. M&E - MONITORING AND EVALUATION 5. MMT - METRO MASS TRANSPORT

The Ministry of Roads and Highways was originally created in 1982 out of a
needtorestmit ur e the at that ti me t otcal b
ture. The Ministry has changed names and responsibility a number of times
since then. In 1997, the ministry was renamed the Ministry of Roads and
Transport and combined the earlier MinistfyRoads and Highways and the
Ministry of Communications. In April 2001, a new Ministry of Roads and
Highways was created, and in October 2001, the Ministry was restructured and
renamed the Ministry of Roads and Transport. In 2005 a new Ministry of Road
Transport was created out of the Ministry of Roads and Transport. In 2006,
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however, the ministry was renamed as the Ministry of Transportation. In 2009,
the Ministry of Transport was created which focuses on maritime and ralil
transport, leaving all roadansport to the Ministry of Roads and Highways.

The number of Ministries and their responsibilities has changed often in the last
10 years leaving some difficulty in determining each Ministries responsibility

for the different transport sectors.

The Ghaa Highway Authority was established in 1974 and oversees the trunk
roads in Ghana. The trunk roads are classified as shoWabia3.1.

Table3.1
Trunk Road Classification Labeling
National N
Inter-regional IR
Regional R

National Roads link the National Capital with the Regional Capitals, and are
typically the roads of most importance in twuntry. IntefRegional roads link
regional capitals across regional borders, and Regional roads typically link the
regional capitals with towns and areas within specific regions.

The Department of Urban Roads was established in 1988 as the agenny respo
sible for roads in the urban environments, such as the local roads within Accra
City and the Department of Feeder Roads was established in 1981end is r
sponsible for the feeder road network.

Figure 3.2 Total Network Size by Road Class (262008)
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Figure3.2 shows the increase in the Ghana Road Network from-2008.

The trunk road network has stayed relatively stagnant where there have been

large increases in the length of both the Urbaadrand Feeder Roadtne

works. The Feeder Road network has nearly doubled in size, and the amount
of road under DUR governance has six doubled in size since 2000 due mostly
to municipalities whose roads have been added to the network.

The summary of theondition of the Ghana Road Network is presentethin

ble 3.2. From the table it is clearly seen that the paved network is in relatively
good condition for both GHA and DFR as of 2008, where the unpaved network
showsa much less desirable amount of roads in fair or good condition.

Ghana had in 2008 an estimated classified road network of approximately
66,000 km of which around 13,000 km are paved. 81% of the paved roads and
65% of the unpaved roads are recorder tmiair or good condition. Accar

ing to Ghana Highway Authority (GHA) 95% of the 350 bridges for which the
condition is known is reported to be in fair to good condition.

Table3.2 Summary Road Condition 280

Ghana Road Network

GHA DUR DFR
Condition | Paved | Unpaved | Paved | Unpaved | Paved | Unpaved
Kilometers
Poor 310 2919 1934 3379 110 12655
Fair 1865 1911 198 180 280 13057
Good 3805 818 2996 3713 1250 14842
Total 5,980 5,648 5,128 7,272 1,640 40,554
Percent
Poor 5% 52% 38% 46% 7% 31%
Fair 31% 34% 4% 2% 17% 32%
Good 64% 14% 58% 51% 76% 37%
Total 100% 100% 100% 100% 100% 100%

Source: TSPS 11, June 2009

The Ministries have recognized that maintenance of their road network is a key
element to maintaining economic growth in Ghana and have substanttally i
creased investment into road maintenance over the last few yeagise 3.3

shows the increase in maintenance expenditures for the Ghana Road Network.
Expenditures for maintenance for GHA, DUR and DFR follow a similar path.
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Figure 3.3 Maintenance Expendituregsov't Vs. Donor (200@2008)
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There are many large upgrading projects in the planning stages for the Ghana
Road Network. At the African InvestmeRdrum 2010, held in Accra, upgla

ing of the western and eastern corridors was presented, a length of nearly 1,400
km at an estimated cost of 2,400 Mil USD. In addition, there are planp-for u
grading, or developing a large number of bridges in DFR, dsaswaslome large
intersection developments for DUR.
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Figure 3.4 GHA Trunk Road Network 2010

Source: GHA
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