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0 Executive summary

This report is the output of the World Bafikanced stdy on Making Tras-
port Climate Resilient for Mozambique, which is a Sdharan Africa iniai-
tive to respond to the impact of climate changes on road transport.

The climate scenarios

The study is based on four climate scenarios selected by the WorlddBlamk
consistent with the scenarios used in the study Economics of Adaptation to
Climate Change. The scenarios span from a "global dry" future with higher
temperatures than today to a "global wet" future with more rain than today and
an increase in heawgin so that a X0year storm in 2050 will be 27% more
intensive than today. The foreseen increases in average temperatures range
from -2°C to 2°C by 2050.

The design and maintenance of roads

The largest problems facing the current Mozambican road rieseem to be
overloading and missing maintenance and repair. The most influential climate
impact on roads in Mozambique will in the future come from changes in rain
patterns and only to a smaller extent from increased temperatures, sea level rise
and cyclmes.

A climateresilient road in the future in Mozambique will be very similar to a
climateresilient road right now. Mozambique has the knowledge as expressed
in the current excellent Road Sector Strategy needed to design and keep their
roads up to starad. The key element to ensuring climate resilience 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 clate changes predicted do not suggest that the
problems in the future cannot be accommodated with today's engineeting sol
tions in Mozambique.

The draft SATCC standards are together with local standards on hydsaulic i
sues the main road design guidelineMozambique, but they are not manalat

ry as designers are encouraged to evaluate various alternatives in a specific si
uation to find the most optimal solution fulfilling the specific local needs. The
engineering solutions needed to make a climasdientroad can to a very

large extent be found in the existing manuals, from solutions to hydraulic
related problems such as scour and sedimentation to problem soils and sub
grade problems as well as slope stability and surface drainage solutions.
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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 Revise parameters used for the design storm that is in order to create a r
bust standard design flood estimation method for alhdge systems and

structures.
A Design culverts that cause limited damage to roads during floods
A Investigate the use of spot improvements in high risk areas

A Design gravel roads and community roads with a variety of materigls sui
able for the climate anpography

A New alignments need to consider likely future changes to the environment
considering increases in rainfall, groundwater, sea level raise, storm surge,
and the impacts on e.g. flooding and transboundary rivers.

Maintenance:
A Prioritize maintenancand drainage 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 structutiggtinrisk areas before
the rainy season

Research:
A Create database for bridges and culverts.

A Further research on suitability of marginal materials on road construction.

A Establishment of a database with an extensive inventory of road building
materials.

A Add a chapter to the design manuals focusing on climates impacts on roads
and bridges investigating engineering solutions.

A Continue improving models for the prediction of floods magnitudes and
probability of these floods updating them with latest climasnge scea
rios data.

The economic assessment

The costs of climate changes in the period 204060 are roughly estimated at
around 0.5 0.6 billion USD in 2009 net present valuef which increased
maintenance costs are far more important thacdbts of changed designs.

The costs to road users due to clim@iated incidents may be substantial even
with today's climate if measures are not taken. Adapting to climate changes by
eliminating the increase in road user costs completely is likely sofbasible
strategy for some new road infrastructurespecially culverts and riverbank
protection. For other structures, the specific conditions decide if it is economic
feasible to fully adapt to the climate change.
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For the existing network, an adapbn 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 climate (or other)
related incidents.

The policy implications
The road owars will experience increased costs to maintain current 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 tcoction costs.

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

Increasing sea levels and the large variation in ocean tides ichdbignge for

the relatively small part of the road infrastructure and the cities located in low
areas in Mozambique. Basically, the choice is either to protect existing road
infrastructure and city by investing in protective coastal defenses, e.g. sea
walls, or gradually relocate the infrastructure (and the population) to nere st
ble areas. In cities protection measures for roads are integrated with protection
of other types of infrastructure and should be treated this way.

Design parameters are recommed 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. Strgtmened focus on road maintenance and signif

cantly more spending will be a vital cost effective adaptation measure- Mai
tenance is also an important measure after cyclones to protect the infrastructure
from further damage. This will also benefit the reasers 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 existing roads and structures thefpre
are damaged/normal life time is expired.

Research to strengthen knowledge about the existing climate including areas
like hydrological data and models is essential for-edfstctive design and
vestment decisions. Finally, it is essential to record and analyze results of the
ongoing innovativeoad and bridge constructions in Mozambique.

The proposed strategy

In the short term (within the next 5 years), the following initiatives aremeco

mended

A Research is needed in the accuracy of the design parameters in predicting
sedimentation and runoff and identification of flood prone coastal areas.
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A Based on this research, the design storm parameters for new roads and
structures are recommended to bpisted to reflect significant climate
changes after due consideration of an acceptable future safety level.

A The design manuals used today are recommended to be revised so that the
climaterelated issues and solutions are presented clearly e.g. imlian ad
tional chapter. Having a chapter dedicated to the climate and envitenme
tal impacts on the road would make it easier for the designer to choose
quickly and efficiently and also consider thoroughly locations of new roads
in climate safe areas.

A As the maitenance need will increase according to the expected nesre fr
guent heavy rainfall It is recommended to investigate if it is feasibly to
change and/or enlarge the drainage system in specific areas prooe to er
sion and flooding to reduce the risk of totalifee and consequential oa
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 climatated parts of the design
guidelinesat regular intervals (5 or 10 years) to take account of nmst u
dated information on observed climate change impacts and the neéd to ba
ance climate risks and economic feasibility

A Ensure that the excellent maintenance strategy in the current Road Sector
Plan is implemented

A Development of reliable and accurate hydrology models as it is a common
problem that this is lacking
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1 Introduction and background
1.1 Introduction
1.2 Summary of conclusions

1.2.1 Climate change scenarios and predictions

The observed trends in climateange in Mozambique over the last 4 decades
shows:

- slightly increased average temperatures;

- increased number of hot days and nights;

- slight decrease in average annual rainfall;

- slight increase in precipitation falling in heavy events; and
- no significant change in frequency for cyclones

The weighted climate change predictions found and reported by UNDP in the
Climate Change Country Profile for Mozambique has been used to present a
general description of trends of climate change. However, thedféBedit

CGM climate models used in the UNDP report shows different results and ill
strate the uncertainty of predicting climate change.

The specific analyses in this study are based on 4 climate scenarios fer 2050
chosen by the World Bank and consisteith the scenarios used in thed=c
nomics of Adaptation to Climate Change (EACC) projézillustrate the

spread in climate predictions for the country representing the driest and wettest
expectations from the available set of all Global Circulation Moded SRES
emissions scenarios:
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No. Scenario name GCM Climate Model Applied IPPC Emission sce-
nario
1 "Global Wet" NCAR-CCSM SRES A2
2 "Global Dry" CSIRO-MK3.0 SRES A2
3 "Mozambique IPSL, SRES B1
Wet"
4 "Mozambique UKMO* SRES A2
Dry"

Note: * This scenario does not have data for 202@865 nor temperature data,
so for it can not be used for most of the analyses

The "Global Dry" and the "Mozambique Wet" scenarios result in higher te
peratures than today and the "Global Wet" scenamit@mner temperatures. The
"Mozambique Wet" scenario results in less annual precipitation. All scenarios
result in the same or slightly higher intensity of precipitation than today.

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

A The mean temperature increase will range fraffC to 2°C and the nm-
ber of annual days with heat waves will increase with 0 to 1 days/year. The
most dramatic impact could be higher asphalt temperature, dust, increased
evaporation

A The annualainfall increase will range from7% till 9%. The impacts of
more rain is increased runoff, increased river flow, soil moisture, groun
water

A Heavy rain will be more frequent and the design storms for roads etc. will
increase with an estimated-B9% in irtensity for a 16year storm and
with 19%- 37% for a 108year 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 raimpatte

are complicated to predict and much still has to be learned to understand what
will happen with a higher degree of certainty which can lead to more substa
tiated risk assessments when designing infrastructure.

The 4 climate scenarios do not offer poidns for rising sea level, storm surge
and cyclones. Recent studies in Mozambique operates with:

A sealevel rise from 20100 cm by 2060

A increase in extreme sea levels at 10 year return periods-df®0cm by
2060 in Maputo and similar increases in Beira and Nacala
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A less frequent tropical cyclones in the Mozambique Channel but with more
intensive precipitation when they occur

The studyhas produced a first estimate of new design curves for roads which
are used to estimate 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 desligwel for the existing structures. Frome-d

sign point of view the two "wet" scenarios results in almost identical equir
ments to changes in design parameters.

1.2.2 The current road network

Mozambique has an estimated classified road network of approxir3aiely0

km of which around 6,300 km are paved. In 2006 it was assessed that half of
the unpaved roads were in poor condition and that only 57% of them were fully
transitable by normal traffic, but the conditions in the dry periods are fairly
good. For pawe roads only 11% were in poor condition. In addition the road
network comprises approximately 2,000 bridges, but an accurate number can
not be given as an up to date bridge management system is not available. M
zambique has a number of large rivers andefloee rather large bridges and

their conditions has to be monitored specifically. The number of culverts is not
recorded.

Mozambique's transport sector is governed by the Road Sector Strategy 2007
2011, the associated PRISE Implementation Plan and theésRmd Bridge
Management and Maintenance Program. The strategy provides an exaellent b
sis for future road maintenance including approaches to cope with climate
change.

ANE (Mozambique Road Authority) uses the SATCC 2001 draft standards for
design and rmown standards for hydrology and hydraulic standards. The sta
dards are only guidelines and are not mandatory, so design consultants-can pr
pose and use other standargdgich they do.

The type of road in Mozambique varies extremely from a limited reurob4
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 climate and topography the road passes through;

A traffic loading; and

A maintenance.

Many of the current problems that are seen in Mozambique are not elimate
related, but are amplified by the climate. For example, overloading of heavy
trucks will have damaging effects on a road regardless of climate; the damage
is amplified wlen the soils and materials beneath are overly saturated. The
same can be said about routine maintenance. Maintenance is a requirement on
all roads, and without it roads will deteriorate quicker than their design life.
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1.2.3 Climate change impacts on roads

Thelargest problems facing the current Mozambican road network seem to be
overloading and missing maintenance and repair. The most influential climate
impacts on roads will in the next 40 years come from changes in rain patterns
and to a smaller extent incsed temperatures.

Change in precipitation volumes and patterns structures

One of the main threats to bridges from an increase in precipitation s the i
crease in peak flow and floods and associated scour and bank erosiore-The pr
ferred method to deal viitscour would be to account for it correctly in thee d

sign phase and implement sufficient countermeasures to handle the expected
scour.

The success of a bridge is dependent on its hydraulic capacity, the stability of
the channel and its interaction witietbridge substructure. The assessment of
current bridge designs indicate that they are built with a surplus of hydraulic
capacity- also in view of the climate changes predicted in the climateascen
rios. The lack of a reliable bridge inventory in the doyrs a challenge when
assessing conditions of bridges and future needs.

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 frorscour, 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 to hlarttie 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 poblems seen today in the primary and secondary roads are the result of a
combination of different factors such as lack of maintenance, poor drainage,
and design that cannot accommodate the overloaded traffic. More effort needs
to be spent on investigatiam the sukgrade materials for community roads, as
well as drainage of the road section. Maintenance becomes even more critical
with increased or more intensive rain.

The stability 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. A review of existing material indicates that slope stability is

not a very big challenge in Mozambique. It is better to invest in slopecprote

tion measureand use best practices during construction for the lower class
roads. Landslides are a natural occurrence and the road design needs to have th
least amount of impact to the surrounding environment to lessen its chances of
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failure. Road location becomesne important with increased flooding, and the
suitability of building roads in river valleys needs to be investigated. Slepe re
vegetation could be required 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 beneficial to
upgrade the drainage systems in these areas before a drainage failure occurs, or
afterwards during repair or reconstruction.

Sea level rise, storm surge and cyclones

The main effects from these types of event is that infrastructure in low coastal
areas is in larger risk of being damaged, especially if measures to protect the
coast are not taken, but the situation for the next half century is not predicted to
be much differat from today and the impacts are of a very local nature. Only a
small part of the main road infrastructure is located in areas threatened by rising
sea level. In such areas, primarily in and around Maputo, Beira and Nacala, the
measures to be taken agaicksmate change are to protect the city infrastru

ture in general. Roads are only a minor part of the city infrastructure and can
not be considered or protected in isolation and the costs of climate change
measures such as constructing seawalls for tles can not meaningfully be
considered road costs.

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

Bridges are already designed with temperature gradients in mind. The change
in temperatre in Mozambique 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 increase in maintenance required will not be substantially
higher than what it should b&eady.

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
gradients are not accounted for correctly in the design. The expected life of a
newly constucted 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 regular service / reconstruction intervals. Designing for
different temperature gradientsthe future is not considered to have an effect
on the cost of resurfacing when this is done within the normal time cycte as a
phalt cost is almost the same for the different types of penetration grade a
phalt.

Maintenance needs

Maintenance to thdrainage network becomes all the more important with 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 requirimgplacement. Investments in dra
nage systems will be quickly lost if they are left to deteriorate or fill up with
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sediment. Effective cleaning of culverts and drainage systems after storm
surges or cyclones is essential to protect the infrastructure.

Themaintenance 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 feably to 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

ANE uses the SATCC design manuals, which are created for a rather diverse
region, as general guidelines supplemented with own guidelines on hydraulic
issues. The current Road Sector Strategy takes the view that the desigiiers

be guided towards evaluation of various alternatives and consider their pros and
cons in the Mozambique context including availability of materials and skills
before a decision on a specific design is taken. Therefore mandatory design
standards areot used.

The engineering solutions needed to make a climate resilient road can be found
spread out in the used guidelines. Hydraulic problems such as scour and sed
mentation are addressed in the Bridge and Drainage manuals. Soildand su
grade problems araddressed in the Pavement Design manuals. Surface dra
nage and slope stability issues are also part of the manuals.

Specific recommendations to the manuals

It is suggested to organize the manuals so that the chrelated issues and
solutions are pres¢ed clearly in a separate chapter. A chapter could be added
to the manuals focusing on environmental conditions; similar to what Tanzania
Ministry of Works has done with their Pavement and Materials Design Manual.
Having a chapter dedicated to the climahd environmental impacts on the

road would make it easier for the designer to choose quickly and efficiently.
This should also include a dedicated focus on thoroughly evaluationeef loc
tions for new roads and urban development, especially in coastal are

The recommendations listed in this report cover review of design manuals for
drainage and river and stream crossings with a view to the design curvkes deve
oped from the climate scenarios. In addition, it is recommended to asljust r
quirements for tésg of subgrade materials. Finally, the manuals for low cost
engineering solutions are recommended to be updated, which will be fully in
line with the current Road Sector Strategy.

1.3  Engineering costs of climate change

It is not expected that climate chasge the near future will require large
changes to the methodology or economics of classified roads in Mozambique
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For new construction, rehabilitation or upgrading the major cost items for roads
are shown below together with (for illustrative purposes)distribution of

costs for an asphalt paved Double Bituminous Surface Treatment standard road
with an average cost of around 333,600 USD per km (2007 costs based on sp
cific design study) including structures. In addition an estimate of typical add
tional 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 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 cost | costincrease | costincrease
today "Global Dry" | "Mozambique
Wet"
Preliminary and general 28.7% 0% 0%
Earthworks 10.9% 5-10% 10-20%
Subbase, road base and gravel wearing 36.1% 5-15% 10-25%
course & bituminous surfacing
Drainage 13.1% 19% 36%
Road furniture 0.6% 0% 0%
Miscellaneous 0.5% 0% 0%
Structures 7.2% 19% 37%
Dayworks 2.9% 2% 5%
Total 100.0% 6.3% -10.4% | 12.2% -18.7%

The largest single 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 which are
likely to increase in order to make a typical Mozambican road adapteé-to pr
dicted climate change are earth works and the road base and surfacing, but in
the end the actual costs will depend heavily on the specific local conditions. A
best estimate is that costsaverage will increase between 6% and 19% for a

new or newly reconstructed road due to climate change for the same risk profile
between now and 2050

High standard gravel roads are expected to require cost increases in the same
areas as paved roads, plbos additional cost of sealing in areas with hig-gr
dients and high rainfall. The cost of a new climate resilient gravel road is
therefore roughly expected to increase between 10% and 25%.

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

COWI
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1.4  Economic costs and benefits of adaption

The frequency of disruptions of roads must be expected to indfeaksgtion
measures to climate change are not taken. Although observed information on
typical frequencies of disruption and number of people affected can nbt be o
tained, an attempt has been made to assess potential costs using standardized
but realisticassumptions about frequency of disruption, number of pedple a
fected, waiting times and likely detours.

The costs of climate changes in the period 202@60 are roughly estimated at
around 0.5 0.6 bill. USD in 2009 net present valuef which increaed man-
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 climate and are expected to increase with as much as
20% in year2050

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. For structures the specific cond
tions decide if it irconomic feasible to adapt fully to the predicted climate
change. The situation for drainage ditches has to be assessed together with
the expected maintenance strategy

A For the existing network, an adaptation strategy where adaptation takes
place as thdfke 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 network the climate changes will incur costs on both
road users and the road agendye Thajor cost item is expected to he 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 rolbarstl acknowledg

that the current scenarios and climate models show a large variabiligrin 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 witt proa
tively in the regular planning and design processes.

A climate resilient road in the future Mozambique will be very similar to a

climate resilient road right now. Mozambique has the principle knowledge to
design and keep their roads up to standard. A key element to ensuring climate
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resilience after the initial construction is sufficient maiatere. The current
Road Sector Strategy is an excellent tool for ensuring high quality andcost e
fective road maintenance in the future given the situation in Mozambique. In
addition, it provides many good approaches to ensure adaptation to climate
change

In the short run (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

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

The design manuals used today are recommended to be revised so that the
climaterelated issues and solutions are presd clearly e.g. in an aied

tional chapter. Having a chapter dedicated to the climate and envitenme

tal impacts on the road would make it easier for the designer to choose
quickly and efficiently and to select locations/alignments in climate safe
areas.

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

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

In the long run the following initiatives are recommended:

A

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

Ensure that the excellent maintenance strategy in the current Raad Se
Plan is implemented

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 Mozambique

2.1  Climate characteristics for Mozambique
The overall characteristics for Mozambique @#testrated below.

Figure2-1  Weather stations, topography and land zoning for Mozambique

a) 9 Mozambique Land zoning
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Mozambiqué is located on the eastern coast of southern Africa@ le s o u't
of the equator, andas a tropical to sutropical climate which is moderated

by the influence of mountainouspography in the nortivest of the con-

try. Seasonal variations in temperature are aroundo&t@een the coolest

months (June, July and August) and the warmest msqilecember, January

and February). Geographically, temperatures are warmer near to the coast, and
in the southerrlpwland regions compared with the inland regions of higher
elevation. Average temperatures in these lowland parts of the country are
around25-27°C in the summer and 225° C in winter. Thenland and higher
altitude northern regions of Mozambique experience cooler average g&emper
turesof 20-25° C in the summer, and 130° C in winter.

1 The description of the climate in Mozambique builds on the UNDP Climate Change
Country Profile for Mozambige.
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The wet season lasts from November to April, coincidiitg e warmer

months of the year. THater-tropical Convergence Zone (ITCZ) is positioned

over the north of the country at this timeyefar, bringing 15800mm of ramn-
fall per month whilst the south receives BR0Omm per monthlTopographical
influenceshowever, cause local variations to this nesttuth rainfall gradient

with the highest altitude
coastal location meartiat it lies in the path of highly destructive hurricanes

regions

and cyclones that occduring the weseason. The heavy rainfall associated
with these events contributes a significant proportion oseason rainfall over

a period of a few days.

Inter-annual variability in the weteason rainfall in Mozambique is also sgon

ly influenced byindianOcean Sea Surface Temperatures, which can vary from

one year to another due to variationgpatterns of atmospheric and oceanic
circulation. The most well documented cause of this varialiditiie EI Nifio

Southern Oscillation (ENSO) which causesrmer and drier than averageneo

ditions in the wet season of Eastern Southern Africa in its warm phase (El
Nifio) and relatively cold and wet conditions in its cold phase (La Nifia)."

Figure2-2  Mean annuaprecipitation in mm

Source: INGC
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Figure2-3  Mean seasonal historical precipitation for different areas in

Mozambique
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Source: INGC

2.1.1 Experienced droughts, floods, cyclones etc in Mozambique

The main disasters events affecting Mozambiquenesather related phen
menabdés, associated with an outbreak
common events affectingozambique are floods, epidemics and tropical-cy
lones.Figure2-4 shows that floods count for about 30%, epidemics for 27% and
19% for tropical cyclones of natural disasters.
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Figure2-4  Frequency distribution of total number of natural disasters occurred
from 1956 to 2008 (67 events), Mozambique
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Although data consistency is a concern there seem to have beaigagiGant

increase i n the numb withthedrowidg radeaokflbodsr s
and epidemics dominating theest two decades of 20th and early 21st centuries.

Figure2-5  Total number of the four common events occurred in the diffezent r
gions; Mozambique.
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For a betteunderstanding of the level of vulnerability by region (SoGemtral
and North) the total number of events by disaster tydessribed for different
regions Figure2-6). It is observedhat the Centre is the most disaster prone
followed by theSouth, while the North is likely to have fewer disasters.
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Figure2-6  Historical trend of natural disasters in Mozambique (198608)

Flood events Drought Events

M South
B Central

[ North
Tropical cyclone events Epedemic Events

Source: INGC

Floods are much common the Centre and South; tropical cyclones affect
more of theCentre and South. Droughts occur more frequently in SndiCa-
tre of the country. Epidemics are likely to affect@entre and the South. e
ever, the North is less proosempared to other regions it is noted that tropical
cyclonesand epidemics are matter of concern in this region.
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Figure2-7  Flood Prone Areas and Cyclone Risk Levels in Mozambique

» b A A »” o

Cyclone Risk Levels by District|

Source: Ref. FEWHNET.
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Figure2-8  Flood extent for a 100 year return period
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Source: Ref. World Bank, Mozambique: Emmic Vulnerability and Disaster Risk
Assessment, Sept 2009. RMSI.

2.1.2 Trends in climate change so far
The trend in climate change so far shows:

A slightly increased annual mean temperature (abou?®.&®ry ten years),

A significant increased in number of asys and nights (8% every ten
years)
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A decrease in mean annual rainfall per month (3% every ten years) but an

A
A

increase in precipitation falling in heavy events (2.6% every ten years)

increased frequency of tropical cyclones

In the UNDP Climate Change Caduy Profile the recent climate trends (1960
2006) are described briefly as:

Temperature:

A Mean annual temperaturehas increased by 6@ between 1960 and

2006, an averagate of 0.13C per decadeThis increase in temperature

has been observed in tbeasons DJF, MAM, and JJA only, at a rate of
0.150.16C per decade, but no discernible warming has been observed in
the seasoSON.

Daily temperature observations show significantly increasing trends in the
f r e g ue n cdays and nighthimall $easns.

Theaveraga u mber of &6 h oin Mozathkigpeshasp er vy e

creased by 25 (aadditional 6.8% of days) between 1960 and 2003. The
rate of increase is seen msisbngly in MAM when the average number
of hot MAM days has increased by 8l&ys pemonth (an additional
10.2% of MAM days) over this period.

The averagemmb er of  @dr year icreasedybly Blgama
ditional 8.4% of nights) between 1960 and 2003. The rate of increase
is seen most strongly in D3¥hen the average number of hot DJF nights
has increased by 3.6 days per monttafititional 11.6% of DJF nights)
over this period.

A Thefrequency of cold daydand nightshave decreased significantly since

1960 in all seasorexcept SON.

The average numberf 6 col d 6days per year
of days) between 1960 and 2003. This rate of decrease is most rapid in
MAM when the average number of cold MAM days has decreased by
2.1 days per month (6.7% of MAM days) over this period.

The averagenungbr of o6col ddé nights per
(7.4% of days). This rate of decrease is most rapid in MAM when the
average number of cold MAM nights has decreased by 2.9 nights per
month (9.5% of MAM nights) over this period.

Precipitation:

A

Mean annualainfall over Mozambique has decreased at an average rate
of 2.5 mm per month (3.1%) per decade between 1960 and 2006nThis a
nual decrease is largely due to decreases in DJF rainfall, whiclk-has d
creased by 6.3mm per month (3.4%) per decade.

Daily precipiation observations indicate that despite observed decreases
in total rainfall, the proportion of rainfall falling in heavy events Imas i
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creased at an average rate of 2.6% dndiey annual rainfall maxima
have increased by 8.4 mm per decade, with largestases in the wet
season, DJF.

2.1.3 Climate zones
Mozambique can be divided into five climate zones:

The lowland Plains and Coastal:occupies théndian Ocean coast of Moza
bique and the transitionabnes between the planalto and coastal areas with
lessthan 200m above sea levBimodalrainfall is observed in most years,
drought occurrence igported in some years.

Major River Basin: occupies the lower elevatiafi the river valleys of major
rivers in the country including thgambeziChire river basi, Lugenda river &
sin, Lurio riverbasin, BuziSave river basins, and the Limpopo river basin.
This is exposed to risks of periodic floodingth the possibility of crop and
property damages.

The North (highland and midlands): is characterized by high &lide often
more than 200m aboea level

The Central (midlands): is the medium altitude region tfe central part of
Mozambique, includes lowlands < 200mid altitude areas 26800m, and sub
and planaltic zones00-1000m a.s.l. covering Manica and 8laf provinces.
Rainfall ranges in general from 80200mm (wet serrrid and sukhumid cl-
mates).

The South (drylands and semarid): is mainlylocated in the southern part of
the country with rainfall less than 600 mm per year.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx CO“H



Making Transport Climate Resilient - Mozambique Country Report 25

Figure2-9  Zoning according to climate and characteristics for the topography in
Mozambique

Class Zonning
Central (midlands)
North (highland and midlands)
South (drylands and semi-arid)
+ # Lowland Plains and Coastal Area
B Major River Basin

Source: INGC

2.2 Emission scenarios and climate models

2.2.1 SRES emissions scenario by IPCC

IPCC has given four main emission scenarios and morecriarios 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 angbreservation of local identities. Ferti

ity patterns across regions converge very slowly, which results in continuously
increasing global population. Economic development is primarily regionally
oriented and per capita economic growth and technologicabelsaare more
fragmented and slower than in other storylines.
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For Mozambique the loagerm 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 aterchanges in the next 480

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

This study covers the periagh to year 204@2060. In this period the climate
changes are limited and of the same magnitude for the individual SRES scen
rios, while change in temperature seems to accelerate in the period from 2040
to 2100. The average monthly precipitation does nahgl during the period

up to 2100 in any of the SRES.

Figure2-10 Comparison of climate consequences in Mozambique caused by SRES
Al1B, SRES A2 scenario and SRES B1 scenario. (UNDP Climate
Change Country Prde)
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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 show different
results and have dérent 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+eco
mended to use only one GCM, but to use a wemhaverage.

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 Mozambique
for the general description of the expected climate change in Mozambique.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx CO“H



Making Transport Climate Resilient - Mozambique Country Report 27

More detailednformation on the estimated climate change consequences for
the four selected climate scenarios for this study is given in CHagter

The climate models used DJNDP are a sulset of 15 from the 2tnember
ensemble used 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 CountryilBrioir 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 Mozambique. These illustratiosbould argue for a relaxed relationship to

the accuracy in the results and forecasts based on different SRES and GCM.
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Example 1:

Figure2-11 UNDRP illustration of maximum, weighted average and minimum for %
change in monthly precipitation (annual average) in Mozambique 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 isigruificant trend in

any of the cells. In all cells there are models indicating decrease and models
indicating increase in monthly precipitation. On average there seems to be a
minor decrease§%) in monthly precipitation in the south and a mimer i

creag (+3%) in the north.
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HadAM3  JJA

Example 2:

Figure2-12 Predicted anomaly of mean monthly precipitation (mm) for the summer
rainy season, JJA, using daily data downscaled from three GCMs.
SRES A2 scenario and changenfraround 1990 to 2085. ref.: AR4,
WGL1 (chapter 11)

ECHAM4.5 JJA CSIRO Mk2 JJA

| ks 0T

-&u;ws.w 6 &-oz‘kmz!'c);‘:s&n&&sﬁu zm{S-n;-s- 3 ;:m-éx”zkz&'s&v.\é‘(&‘&sﬁu

-80 -60 -40 -20 O 20 40 60 B0 -B0 -60 -40 -20 0O 720 40 60 80

The predicted change in monthly precipitation up to 2000 shown above
illustrates that the differences are larger than seen for the shorter time horizon
until 2050, which is used in this study. Bhe forecasts show very clearly that
there is difference in the predicted monthly precipitation in the northern part of
Mozambique between HadAM3 indicatirig0 mm and CSIRO MK2 indicating
+40 mm.

2.3  Climate change characteristics

2.3.1 Climate change in general for Mozambique

Following general comments on climate change in Mozambique until 2060 are
based on the information in the UNDP Climate Change Country Report for the
SRES A2 scenario. For specific climate changes related to the four chiesen cl
mate scenario®r this study see Chapt2r4.

Temperature

A The mean annual temperature is projected to increase by 1.0 to 2.80C by
the 2060s. Under a single emissions scenario, the projected changes from
different models span a range of up to°C8

A The projected rate of warming is more rapid in the interiooregof Mo-
zambique than those areas closer to the coast.
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A All projections indicate substantial increases in the frequency of days
and nightsthatareonsi dered &édhotd in currer

- Annual ly, projections i ndB5®aot e t
days by th€060s.

- Nights that are consider ef9akhot 6
projected to increase more quickly that hot days, occurring @525
of nights by the 2060s.

A All projections indicate decreases in the frequency of days and thights
areconsideredcol d6é6 in current climte. T
come exceedingly rare, and do notur at all under the highest emissions
scenario (A2) by the 2090s.

Precipitation

A Projections of mean rainfall do not indicate substantialgémsin annual
rainfall. The rangef projections for 2090s from different models is large
and straddles both negative and positkanges-(5 to +20mm per
month, or-15% to +34%). Seasonally, the projections shanoee cole-
rent picture, with the projdons tending towards decreases in dry season
rainfall (JJA and SON), offset partially by increases in wet season rainfall
(DJF).

- Projected changes in JJA rainfall range fr&# to +19% with e-
semble median changes-&fl to-24% and in SON48 to +26% wih
ensemble median valueR) t0-12%.

- Projected changes in DJF rainfall range fr@nto +25% with ensemble
median values of +1 to +8%. The increases in DJF rainfall are largest in
the north of Mozambique.

A Overall, the models consistently project incregsghe proportion of rak
fall that falls in heavy events in the annual average under the higreer emi
sions scenarios, of up to 15% by the 2090s (7% by the 2060s).The-propo
tion of total rainfall that falls in heavy events is projected to increase in
DJF n projections from all models and all scenarios, by up to 18%- Mo
els are also broadly consistent in indicating increases in MAM,ebut d
creases in JJA and SON.

A The models consistently project increases-iant 5day rainfall maxima
by the 2090s under thregher emissions scenarios of up to 20mm-aday
events, and 34mm ind&ay events. These also generally increase in DJF
and MAM, but decrease in JJA and SON.
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Other Climate Change Information

A Tropical cyclones are poorly captured by GCMs and thus pdtentia
changes in intensity and tracks of tropical cyclones in the future are very
uncertain. Whilst evidence indicates that tropical cyclones are likeb-to b
come, on the whole, more intense under a warmer climate as a result of
higher seasurface temperaturgthere is great uncertainty in changes in
frequency, and changes to storm tracks and their interactions with other
features of climate variability (such as the El Nifio Southern Oscillation)
which introduces uncertainty at the regional scale (Christenstn e
2007).

A The uncertainty in potential changes in tropical cyclones contributes to
uncertainties in future weteason rainfall. Potential increases in tropical
cyclone activity, which may not be captured in the GCM projections, may
add to the projecteidcreases in weteason rainfall in the region (Céwi
tensen et al., 2007).

A Model simulations show wide disagreements in projected changes in the
amplitude of future EI Ni fo event :
ly influenced by ENSO, thus contributitg uncertainty in climate prage
tions for this region.

A Mozambiqueés coast al | o VeVebrisedSea may
level in this region is projected by climate models to rise by the following
levels by the 2090s, relative to 198@99sealevel:

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

A For further information on climate projections for Africa, see Christensen
et al . (2007) 1 PCC Working Group I
Chapterll (Regional Climate projections): Section 11.2 (Africa).

The Intergovernmental Panel on Climate Change (IPCC) issued its 2007 report
summary on 2 February. It says that sea level has risen 150 mm in thenpast ce
tury and will increase by 300 mm or more2iy00. It also reports that "it is

likely that future tropical cyclones (typhoons and hurricanes) will become more
intense, with larger peak wind speeds and heavier precipitation”.

More detailed evaluations are done in the report "Assessment of the lmpacts
Climate Changes to Sea Level Rise at Costa do Sol Beach in Malldo
zambique. July, 2008" by Jafar Ruby, Sinibaldo Canhanga, & Obadias Cossa,
INAHINA - National Institute of Hydrography and Navigation, Maput@-M
zambique.
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"Calculations made by the sty for the period 20002008, show that the
average resection rate at Costa do Sol beach vary between 1.06 and 5.34
m/year, with an average net coastal resection of 42.75 m observed during
the indicated period. These figures refer to the contributiorotf,ISLR

and Anthropogenic effects.

The computed sea level trends based on the observed data at Maputo and
the neighboring stations (Richards Bay and Durban) were used to estimate
the projection of three sea level rise scenarios: 0.2m, 0.5m, and 0.8m. The
results show that the sea level will rise in Maputo region, 0.2 m by year
2034 (2008 used as reference); 0.5 m by 2073; and 0.8m by 2114. These
projections are well in agreement with estimates using IPCC (loterg
vernmental Panel on Climate Change) modélicl is based on improved
models (AOGCM, and SREBCC, 2001).

Assuming that Local Authorities hypothetically adopt measures to adapt to
climate changes based on Ano actio
the coastal areas, and costs are related tdamped retreat), the likelywa

erage response to global warming at Costa do Sol beach area would be as
follows:

- SLR scenario of 0.2 m would cause a coastline recession of about 150 m,
- SLR scenario of 0.5 m would cause a coastline recession of abont, 380
and- SLR scenario of 0.8 m would cause a coastline recession of about
610 m"

The INGC report has considered scenarios of flood risk until 2060, using tree
climate models (IPSL, ECHAM and EFDL) combined with a stream flow-mo
el. SeeFigure2-13. The results depend very much on the specific basin It is
concluded that the average river flow in the northern basin is largefly una
fected. Increased river flow is expectadccentral Mozambique. Major redu

tions in the interior countries could significantly reduce flow in upper Zambezi.
The rivers of southern Mozambique are wetter in two models and dryer in one
model. However, the simulations do not show increased magmtdlbed

peaks in any major basins. While increases are observed in isolatbdssud,
several major basins including Zambezi and Limpopo show reductionsxin ma
imum flood peaks. Significant increases in frequency of flooding occurrin po
tions of the Buzand Save basins and slight increase are observed in several
small basins in the north. Flood frequency is slightly reduced or unchanged in
major portions of the Zambezi and Limpopo.
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Figure2-13 Floods fregqiency maps. Calculated change in flood frequencies, for
different river basins in Mozambique, based on GCMs and river flow

models.

Change in Flood Frequency

Less Frequent (<-10%)

Minimal Change (-10% to 10%)
[ Slightly More Frequent (10% to 20%)
B Significantly More Frequent (> 20%)

Source: INGC

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

The most relevant climathanges related to road and transportation i Eth
opia are:

A Temperature (and evaporation)

A Rain (intensity/frequency and volume)

A Sea level rise
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There is a long coastline in Mozambique and this coastline is vulnerable for
tropical cyclones and storm surgedao some extend erosion caused by the
rising sea level. The increase in sea level is limited in the period up to 2050,
and very little compared to the sea level during storm surge and heavy tropical
cyclones. The change in frequency of tropical cycl@aresstorm surge is very
uncertain and most of the infrastructure 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 big concern in retatioads.

The higher general sea level will influence the slope available for the rivers and
by that cause a higher water level in the lower part of the rivers especially du
ing max flow.

Much of the coastline of Mozambique is soft, comprigshguddy rver sedt

ments and sand, backed by land vath relief and extensive lowying coastal
plains. This is particularly true of the central provinces, which are characterized
by major rivers, such as the Zambezi, S8iezi and Pungoe, draining therzo
tinentalinterior, and pronéo flooding on an annual basis. The coastline has a s

ries ofestuaries and deltas, which shift in response to the frefioeds and d-

posits of large amounts of sediment. Coastal erosion is a problem aloryg the d
namic coastline. Pg@te, infrastructure and services in harbor cities such as
Beiraare in constant need of protectidine numbers of cyclones are too small

to draw anysignificant conclusions regarding trends.

Most of the adaptation measures for reduction of the treaddychones 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 events and storm surge/ sea level rise it is chosen mot to 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 limitegt infl
ence on the road structures and the need for operation and maintenance.

Thegeneral key figures for the relevant changes in Mozambique until 2050 can
be summarized as (for the range in the specific four climate scenariog-invest
gated in this study, see Chap2ed):

A The mean temperature increase will range frdr6°C to 2.1°C and the
number of annual days with heat waves will increase with 0 to 1 days/year.
The impact is change in asphalt temperature increase in temperature will
causedust and increased evaporation

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

A Days with heavy rain will be less frequent and thiet design storms for
roads etc. will increase with an estimated3B% in intensity for a 1-Qear
storm and with 187% for a 100 year storm. The impacts are increased
frequency of flash floods, erosion, sediment and landslide.

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx CO“H



Making Transport Climate Resilient - Mozambique Country Report 35

The predicted change in tperature in the 4 scenarios until 2050 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 roadshiGed with the

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
evapordon of rain and moisture in the soil.

The predicted general change in seasonal precipitation as percentage and mm is
highest in the season DJF (Decembleebruary) and especially in the northern
part of the country.

The consequences for roads are baseanoestimate of the resulting 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.

There are no forecasts available on very short extreme rainfall. Thesst-are
mates of the mean average maximum rainfall-dag 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 mormtensive storms.

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

2.4  Climate change for scenarios in this study

The specific analyses in this stuale based on 4 climate scenarios fa-M
zambique representing the span in expected future climate situations from dry
to wet according to results from different combinations of emission scenarios
(SRES) and GCM models. The scenarios represent a consasgbbtween
this study and the study AEconomics
(EACC)"

The climate scenarios chosen by the World Bank are:

GCM-model Emission scenario

Gl obal WeNGAR-CCSM, SRES A2
Gl obal Dr @ROMK3.0 SRES A2
Moz ambi qukSLWet 0: SRESBI1
Moz ambi queKMDy y 0: SRESA2

St 3O S 3N

The AUKMOO GCM does -B06% nohdees ikcordamnt a f o
temperature data. Therefore statistics were not computed for temperature or for
the 20462065 period for Mozambique.
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For these four scenaridaita and results have been processed by the University
of Coloradg especially for this study with focus on precipitation, temperature
and runoff for the present climate situation and the future situation in¢he p
riod around 2050 and around 2100. Amadiuction to the data base and data
processing can be found in the appendix.

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

2.4.1 Key figures for the climate scenarios

Same of the most essential figures for the received climate informationeare pr
sented irFigure2-14 below. The focus is on temperature and precipitation in
heavy evers.

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

\\cowi.net\projects\AOO0000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx CO“H



Making Transport Climate Resilient - Mozambique Country Report

Figure2-14 Temperature. Annual daily temperature, max, mean and min.
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Figure2-15 Precipitation. 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 climate datavant for this study are
summarized for the different climate scenarios:

Table2-1 Climate 2050 on average in Mozambique, rain and temperature

Climate 2050 on Average in Mozambique, rain and temperature
Hist GW- GD- MW- MD-
NCAR,A CSIRO,A IPSL,B1 UKMO,AZ
Precipitation:

Annual Mean Rainfall mm/y 937 1017 970 870 NA
Annual Mean 24 hrs Max. Rainfall mm/24h 55 59 57 55 NA
Annual Mean 5 days Max. Rainfall mm/5d 130 142 134 132 NA
Annual days with rainfall daysly 127 122 109 120 NA
Temperature:

Annual Mean degC 242 22.6 26.3 26.1 NA
Annual Min. degC 200 17.6 22.1 21.9 NA
Annual Max. degC 285 28.1 30.9 30.2 NA
Annual days with heat waves daysly 1.6 2.7 1.9 1.8 NA

Table2-2 Climate 20002050 on average in Mozambique

Climate Change 2000->2050 on Average in Mozambique
GW- GD- MW- MD-

Increase from 2000 to 2050 NCAR,A CSlRO,A |PSL,B] UKMO,AZ
Precipitation:

Annual Mean Rainfall mm/y 80 33 -67 NA
Annual Mean 24 hrs Max. Rainfall mm/24h 4 2 0 NA
Annual Mean 5 days Max. Rainfall mm/5d 12 4 1 NA
Annual days with rainfall daysly -5 -18 -7 NA
Temperature:

Annual Mean deg C -1.6 2.1 1.8 NA
Annual Min. deg C -2.4 2.1 1.9 NA
Annual Max. deg C -0.4 2.3 1.7 NA
Annual days with heat waves daysly 1.1 0.3 0.2 NA
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Table2-3 % Climate change 2002050 on average in Mozambique

% Climate Change 2000->2050 on Average in Mozambique
GW- GD- MW- MD-

% Increase from 2000 to 2050 NCAR,A CS|RO,A |PSL,B] UKMO,AZ
Precipitation:

Annual Mean Rainfall mm/y 9% 4% -7% NA
Annual Mean 24 hrs Max. Rainfall mm/24h 7% 3% 0% NA
Annual Mean 5 days Max. Rainfall mm/5d 9% 3% 1% NA
Annual days with rainfall daysly -4% -14% -6% NA
Temperature:

Annual Mean deg C -7% 9% 8% NA
Annual Min. deg C -12% 11% 9% NA
Annual Max. deg C -1% 8% 6% NA

Annual days with heat waves daysly 67% 15% 10% NA

2.4.2 Design curves for the future climate, 2050

One of the key issues in this study is to find the designms for the future
situation. The existing Drainage Design Manual for Ethiopia and more other
countries in the sub Sahara region use design storms based on the 24-hour pr
cipitation for different return periods. In the following tables some of the key
results on design curves from these sources are summarized. The results are
used to establish curves for the future climate situation in 2050 for the chosen
four climate scenarios. The main principle for the curves and calculations are
similar to the methaglused in the design manual for Ethiopia, as there are no
similar design manual specifically for Mozambique.

Curves for the heavy storms with different return periods are established by two
methods. First they are calculated directly from the given pestifature at

mate data for the four climate scenarios and secondly calculated as "smooth"
curves based on the same kind of formulas as the present design storm curves,
but with slightly revised parameter values. The direct method gives almost
smooth curvs, but some single values lay unrealistically far from the smooth
curve, why it is chosen to use the formula based heavy storm curves f@a-evalu
tion of the change in return periods. For the same reason the formula based
smooth curves are used as basis esifor design of new structures amd e
largement or reinforcement of existing roads, culverts, bridges etc.

Using the curve for historical heavy precipitation (based on the climate data set
provided with the four scenarios) it can be seen that the pr@ssigh storm

curve for different specific projects are about 50¥%60% higher than the $u

torical precipitation data for a storm with the same return period. This means
that present designs of road infrastructure includes a significant "reseme" co
paredto actual climate.

Instead of making new design curves for each climate 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
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tage is used to assess the need for new design, enlargement, reinforcement 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 futarcurrent design standard as in the standard today.

It is also calculated 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 rtenance etc. As an example it can

be mentioned that the present 100 year storm, will occur once every 21 year in
the future (2050), if the predictions for "Global Wet"; NCARCSM, SRES

A2, are correct for Mozambiqueb times more often than today. Skeble2-8.

Table2-4 24 hour maximum precipitation in mm/24h for different return periods,
calculated directly and as smihocurves based on common used ferm
las for extreme events

24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz. (directly from GCM data):

mm/24hrs, Return period in years 1 2 5 10 20 50 100
Historical 14 35 40 54 60 68 74
"Global Wet"; NCAR-CCSM, SRES A217 39 55 65 75 88 98
"Global Dry"; CSIRO-MK3.0, SRES A2 17 39 52 61 69 80 88
"Mozambique Wet"; IPSL, SRES B1 19 43 59 69 79 92 101
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA

24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz. (based on formula+GCM):

mm/24hrs, Return period in years 1 2 5 10 20 50 100
Historical 26 33 43 50 57 67 74
"Global Wet"; NCAR-CCSM, SRES A229 39 53 64 74 88 98
"Global Dry"; CSIRO-MK3.0, SRES A2 31 40 51 60 68 80 89
"Mozambique Wet"; IPSL, SRESB1 34 44 58 68 78 92 102
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA

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,
bridgesetc. but as seen in the followiigble2-5 there are some values that

seems to be uncertain and not in accordance with the regular pattern for change
in precipitation(marked in darker color).
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Table2-5 % change in 24h precipitation for different return periods based on
direct data from the GCM

% - Change in 24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz.(directly from GCM c
% Change in precipitation based om Climate Change up to 2050 compared to present perecipitation

(Future-historical)/historical 1 2 5 10 20 50 100
Historical 0% 0% 0% 0% 0% 0% 0%

"Global Wet"; NCAR-CCSM, SRES A28% 14% 36% 22% 25% 29% 32%
"Global Dry"; CSIRO-MK3.0, SRES A228% 13% 29% 13% 15% 17% 19%
"Mozambique Wet"; IPSL, SRESB1 38% 25% 45% 29% 31% 34% 37%
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA

Instead of using the direct data from the GCM models, it is chosen to use a
smoother pattern for design 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, ditchebridges etc.

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 (mm) vs frequency (yrs), Average in Moz. (based on formula+t
% Change in precipitation based om Climate Change up to 2050 compared to present perecipitation

(Future-historical)/historical 1 2 5 10 20 50 100
Historical 0% 0% 0% 0% 0% 0% 0%

"Global Wet"; NCAR-CCSM, SRES A212% 18% 24% 27% 29% 31% 32%
"Global Dry"; CSIRO-MK3.0, SRES A219% 19% 19% 19% 19% 19% 19%
"Mozambique Wet"; IPSL, SRESB1 31% 33% 34% 35% 36% 36% 37%
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA

Note: formula= "smooth" curves

Table2-7 Absolute change in precipitation per return period

Change in 24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz. (based on formula+GCN

mm/24hrs, Return period in years 1 2 5 10 20 50 100
Historical 0 0 0 0 0 0 0
"Global Wet"; NCAR-CCSM, SRES A2 3 6 10 13 16 21 24
"Global Dry"; CSIRO-MK3.0, SRES A2 5 6 8 10 11 13 14
"Mozambique Wet"; IPSL, SRESB1 8 11 15 18 21 24 27
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA
Note: formula = "smooth" curves
COWIL
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The changes in frequency or return period for a given historical storm are given
in the tablebelow. This table is used for evaluation of increased frequency of
damages etc. and increased need for repair and maintenance.

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

Returnperiod - 24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz. (based on formula+
Future returnperiod in years of a present XX year storm

Return period in years 1 2 5 10 20 50 100
Historical returnperiod 1 2 5 10 20 50 100
"Global Wet"; NCAR-CCSM, SRES A2 1 1 3 4 7 13 21
"Global Dry"; CSIRO-MK3.0, SRES A2 1 1 3 5 8 18 32
"Mozambique Wet"; IPSL, SRESB1 1 1 2 3 5 9 16

"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA

Note: formula = "smooth" curves

The figures for present and future 24 hour maximum rainfall are represented in
the following graphFigure2-16.
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Figure2-16 Calculated design curves for the 24h maximum precipitation in year
2050 and the present 24h maximum precipitation curve
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The gaph shows that the two "wet" climate scenarios result in relative similar
design curves, which can not for any practicable purpose be differentiated. The
"Global Dry", CIROMK3.0; A2 shows a different pattern as it follows the

same pattern as the histoticarve, but the values for the future 24 houms-pr
cipitation are approximately 19 % higher than the present design curve (as used
in other countries) for all return periods. The graph shows curves for the

present 24h precipitation and the expected fuddteprecipitation under diffe

ent scenarios, and these curves will be used for assessing the design need, base
on the %increase in 24h precipitation from present to 2050 as sdegune

2-16 or Table2-6.

The "current design curve" does not exist for the country as such, as there are
no mandatory design standards. Insteadviddal design curves for different
projects and for different regions are left for the designer to decide indhe sp
cific project. One of the projects is the NampGlaamba Road where thed

sign curve for 24h precipitation is 1:-3%0% higher than the pregehistorical

curve for maximum 24h precipitation in Mozambique as an average; even
though the road is located in the part of the country with the lowest 24h rainfall
according tdrigure2-15. In the followingTable2-9 andFigure2-17 the design
curve for NampulegCuamba Road is compared with the present precipitation
and the expected precipitation in 2050.
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Table2-9 Comparisorof design storms for Nampu@uamba Road and thedhi
torical storms and storms in different climate change scenarios

24 hour precipitation depth (mm) vs frequency (yrs), Average in Moz. (based on formula+GCM):

mm/24h

2 5 10 20 50 100

Design Rainfall, Nampula-Cuamba Road 78 112 127 146 161 177

Historical

33 43 50 57 67 74

"Global Wet"; NCAR-CCSM, SRES A2 39 53 64 74 88 98
"Global Dry"; CSIRO-MK3.0, SRES A2 40 51 60 68 80 89
"Mozambique Wet"; IPSL, SRES B1 44 58 68 78 92 102
"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA

Note: formula = "smooth" curves

Figure2-17 Comparison of design storms for Namp@aanba Road and the &i
torical storms and storms in different climate change scenarios
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Other design curves from the "Feasibility study N13" are addEdjure2-18

for illustration of the use of different design curves, depending on the locations
and the assumptions. There are only four hydrological stations in the N13 study
area, which regularly measure temperature, precipitation, and humidity near the
Study road; thelata available is considered statistically acceptable and are used
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for preliminary design of bridgets and culverts. These stations are located at
Nampula, Ribaue, Malema, and Cuamba, which are all major cities and towns
on the Study Road he curves usedyithe designer are all located higher than
the curves for present precipitation and the expected precipitation in 2050 a
cording to the climate change scenarios used in this study. This indicates that
current designs for road projects includes a largevese deal with climate
change.

Figure2-18 Comparison of design storms for Namp@aamba Road and "Feias
bility study N13" with the historical storms and storms in differant cl
mate change scenarios
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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. Therefore results from other new studies have been reviewed.
The conclusion is that specific calculations of thepsation consequences for

roads can not be included in this study. The main reasons are the lange unce
tainties, the indicated limited change the next 40 years 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
management are urgently needed for protection of the society and values from
damages from the present occurrence of cyclones and storm surge.
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The following summarizes results for ltmmbique from the INGC study for
the mentioned issues that are not specifically addressed in this studyras the i
pacts are small/uncertain and can not be quantified as significant road costs.

Rising sea level

The IPCC and the SRE8enarios represent a Ldyea LeveRise Scenario

(Low SLR). A High Sea Level Rise Scenario (High SLR) based polar ice melt
is alsointroduced, and it is very speculative, as the future rates of melting of
the polar ice caps are largely unknowhe results of the scenarios are:

Low Sea Level Rise Scenario 10cm 20cm 30cm

High Sea Level Rise Scenario 10cm 100cm 500cm

Storm surge

The Low SLR Scenario and the High SLR Scenarimoduced above are
usedto generate the future expectdreme sea levels at return periods of 1, 10,
100 and 1,00Qears, depending on the location and the particulatesea

rise scenarioThese scenarios indicate that it is especially after 2060 the large
impacts of climate change will be seen.
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Present 185cm 234cm 272cm 312cem
2030 All 195cm 244cm 282cm 330cm

Low SLR 205cm 254cm 292cm 349¢cm
2060

High SLR  285cm 334cm 372cm 429cm

Low SLR 215cm 264cm 302cm 370cm
2100

High SLR  585cm 634cm 672cm 740cm
Present 346¢cm 390cm 440cm 490cm
2030 All 361cm 406¢cm 455¢cm 517¢em

Low SLR 376cm 420cm 470cm 545ecm
2060

High SLR  456cm 500cm 550cm 625cm

Low SLR 391cm 435cm 485cm 576cm
2100

High SLR  761cm 805cm 855cm 946cm
Present 178cm 225cm 270cm 315¢em
2030 All 188cm 235cm 280cm 335¢ecm

Low SLR 198cm 245cm 290cm 355em
2060

High SLR  278cm 325cm 370cm 435cm

Low SLR 208cm 255cm 300cm 378cm
2100

High SLR  678cm 625cm 670cm 748cm

Cyclones

Emanual et al. (2008) describe a technique for downscaling tropical cyclone
climatologies from global analyses and models, which #&nasoid the resol

tion issue. Simulated storms driven byamalysis of data between 1980 and

2006 concur with the data on observed storms, including their spatial variability
and temporal variability on time scales from seasons to decades. The technique
is then applied to the output of seven global climate models run in support of
the most recent IPCC ARA4 report. 2,000 tropical cyclones in each of the 5
ocean basins were simulated using global model data from the last 20 years of
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the 20th century, andeé22nd century as simulated by assuming IPCG-emi
sion scenario Alb.

The results for the Indian Ocean show that there is an overall tendency toward
decreasing frequency of tropical cyclones, consistent with the directasimul
tions using global climate modgland a general increase in storm intensity, as
expected from theory and prior work with regional tropical cyclone models

Thus both recent trends in observations and long teoakeling outcomes
suggest that climate change will afféioe characteristics eropical cyclones in
the South Westermdian Ocean in two distinct ways.

Tropical cyclonesn the Mozambique Channelre likely to become lessefr
guent, but their intensity arabsociated precipitation is likely to increase.
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3 Mozambique road network

3.1 Introduction

During the | ast decade Mozambiqueos
major restructuring process after getting severely damaged during the civil war.
Massive government and foreign efforts have allowed the country to rebuild
and expandhe system.

ANE (National Road Administration) is a public institution with legal status
and administrative autonomy, responsible for development, construction and
large repair of the national network. All national and regional classified roads
are admirstrated by ANE, except for urban roads under the jurisdictioruef m
nicipal councils. The local authorities are responsible for routine maintenance
and construction of low volume roads within their provinces.

The network of classified roads in Mozambigsee&0,056 km of which around
20% are paved; in terms of classification they are divided into primary,decon
ary, tertiary and vicinal as indicated in the table below.

Table3-1 Mozambique road network

Road Classification Paved | Unpaved | Total

(km) (km) (km)
Primary 4,728 1,243 5,971
Secondary 838 4,078 4,915
Tertiary 667 11,936 | 12,603
Vicinal 54 6,513 6,567
Total 6,286 23,770 | 30,056
Source: ANE

Geometric standards for road design depend on the functematements of
the road network, which therefore is divided into various classes. Suchiclassif
cation is also helpful for administrative purposes.
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Table3-2 Classification of the road network in Mozambique
Categoriza- | Designation Functional Definition Numbering
tion
Form the national trunk road net-
work and link:
L]
. . g:gmg::: ggg:gi and other (2): N1 to
Primary cities N100
Roads L . . (b): N101 to
e Provincial capitals and main N199
ports
e  Provincial capitals and impor-
. tant border posts
National
Roads Form tht_e secondary network com-
plementing the trunk road network
and link:
e  Primary roads
Secondary e  Provincial capitals and sea or
Roads river ports N200 to N399
e Primary roads and economic
poles of high importance
e Primary roads and (other) bor-
der posts
Tertiary roads link:
e Secondary roads with primary
roads or with other secondary
Terti roads
ertiary District centers R400 to R799
Roads S -
e District centers and administra-
Regional tive posts
Roads e District centers and economic
poles of high importance
Vicinal roads link:
e Tertiary roads
Vicinal Roads | ¢  Administrative posts \Tlgrodoson'
e Administrative posts and other
population centers
(a): Roads that constitute major routes (itinerarios principais)
(b): Other primary roads
Source: Fi nal Report on AThe Reclassificati
2003.

COWI
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Figure3-1  Mozambique national road network

Source: ANE 2008

To be considered paved, at leastragle layer of asphalt is required. Typically
gravel roads get no surface dressing, except in areas that have frequent flooding
or experience frequent problems. In general, the condition of the paved road
network is better than the unpaved network. A2Gf6 almost half of then
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