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0 Executive summary  

This report is the output of the World Bank-financed study on Making Trans-

port Climate Resilient for Mozambique, which is a Sub-Saharan Africa initia-

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 World Bank to be 

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 heavy rain so that a 10- year storm in 2050 will be 27% more 

intensive than today. The foreseen increases in average temperatures range 

from -2 OC to 2 OC by 2050. 

The design and maintenance of roads 

The largest problems facing the current Mozambican road network seem 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 cyclones.  

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

climate-resilient 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 standard. 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 climate changes predicted do not suggest that the 

problems in the future cannot be accommodated with today's engineering solu-

tions in Mozambique. 

The draft SATCC standards are together with local standards on hydraulic is-

sues the main road design guidelines in Mozambique, but they are not mandato-

ry as designers are encouraged to evaluate various alternatives in a specific sit-

uation to find the most optimal solution fulfilling the specific local needs. The 

engineering solutions needed to make a climate-resilient road 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: 

Å Revise parameters used for the design storm that is in order to create a ro-

bust standard design flood estimation method for all drainage systems and 

structures. 

Å Design culverts that cause limited damage to roads during floods 

Å Investigate the use of spot improvements in high risk areas 

Å Design gravel roads and community roads with a variety of materials suit-

able for the climate and topography 

Å 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: 

Å Prioritize maintenance and drainage upgrades in areas that are most at risk 

of flooding 

Å Increase the frequency of drainage maintenance that is discussed in the 

manuals in relationship to the increased frequency of large storms 

Å Repair and clean channel and drainage structures in high risk areas before 

the rainy season 

Research: 

Å Create database for bridges and culverts. 

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

Å Establishment of a database with an extensive inventory of road building 

materials. 

Å Add a chapter to the design manuals focusing on climates impacts on roads 

and bridges investigating engineering solutions.   

Å Continue improving models for the prediction of floods magnitudes and 

probability of these floods updating them with latest climate change scena-

rios data. 

 

The economic assessment 

The costs of climate changes in the period 2010 - 2050 are roughly estimated at 

around 0.5 - 0.6 billion USD in 2009 net present value - of which increased 

maintenance costs are far more important than the costs of changed designs. 

The costs to road users due to climate-related 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 to be a feasible 

strategy for some new road infrastructures - especially 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 adaptation strategy is expected to be preferable 

where adaptation takes place because the life time of the infrastructure is ex-

ceeded or in cases where the infrastructure is destroyed by climate (or other) 

related incidents. 

The policy implications 

The road owners will experience increased costs to maintain current service 

levels for both 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 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 is a big challenge 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 more sta-

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 recommended to be reviewed every 5 to 10 years to con-

tinuously search for the optimal balance between climate risks and adaptation 

costs in the country. 

 

The key element to ensuring climate resilience after the initial construction is 

sufficient maintenance. Strengthened focus on road maintenance and signifi-

cantly more spending will be a vital cost effective adaptation measure. Main-

tenance is also an important measure after cyclones to protect the infrastructure 

from further damage. This will also benefit the road users dramatically but it 

requires a big change is current spending patterns in the road sector.  

The general implication is that only in exceptional cases it will be economically 

beneficial to reconstruct or strengthen existing roads and structures before they 

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 cost-effective design and in-

vestment decisions. Finally, it is essential to record and analyze results of the 

ongoing innovative road and bridge constructions in Mozambique.   

The proposed strategy 

In the short term (within the next 5 years), the following initiatives are recom-

mended: 

Å 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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Å Based on this research, the design storm parameters for new roads and 

structures are recommended to be adjusted to reflect significant climate 

changes - after due consideration of an acceptable future safety level.   

Å The design manuals used today are recommended to be revised so that the 

climate-related issues and solutions are presented clearly e.g. in an addi-

tional chapter. Having a chapter dedicated to the climate and environmen-

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. 

Å As the maintenance need will increase according to the expected more fre-

quent heavy rainfall It is recommended to investigate if it is feasibly to 

change and/or enlarge the drainage system in specific areas prone to ero-

sion and flooding to reduce the risk of total failure and consequential dam-

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

maintenance. 

In the long term, the following initiatives are recommended: 

Å Establishment of a process to review climate-related parts of the design 

guidelines at regular intervals (5 or 10 years) to take account of most up-

dated information on observed climate change impacts and the need to bal-

ance climate risks and economic feasibility 

Å Ensure that the excellent maintenance strategy in the current Road Sector 

Plan is implemented 

Å 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 climate change 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, the 15 different 

CGM climate models used in the UNDP report shows different results and illu-

strate the uncertainty of predicting climate change.  

The specific analyses in this study are based on 4 climate scenarios for 2050 - 

chosen by the World Bank and consistent with the scenarios used in the Eco-

nomics of Adaptation to Climate Change (EACC) project- to illustrate the 

spread in climate predictions for the country representing the driest and wettest 

expectations from the available set of all Global Circulation Models and 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 

Wet" 

IPSL, SRES B1 

4 "Mozambique 

Dry" 

UKMO* SRES A2 

Note: * This scenario does not have data for 2046 - 2065 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 tem-

peratures than today and the "Global Wet" scenarios in lower 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:  

Å The mean temperature increase will range from -2 OC to 2 OC and the num-

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 

Å The annual rainfall increase will range from - 7% till 9%. The impacts of 

more rain is increased runoff, increased river flow, soil moisture, ground-

water 

Å Heavy rain will be more frequent and the design storms for roads etc. will 

increase with an estimated 19-35% in intensity for a 10-year storm and 

with 19% - 37% for a 100-year storm. The impact is increased frequency 

of flash floods, erosion, sediment and landslide and a large need for more.  

The results of the climate models clearly demonstrate that future rain patterns 

are complicated to predict and much still has to be learned to understand what 

will happen with a higher degree of certainty which can lead to more substan-

tiated risk assessments when designing infrastructure.  

The 4 climate scenarios do not offer predictions for rising sea level, storm surge 

and cyclones. Recent studies in Mozambique operates with: 

Å sea level rise from 20 - 100 cm by 2060 

Å  increase in extreme sea levels at 10 year return periods of 20 - 100 cm by 

2060 in Maputo and similar increases in Beira and Nacala 
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Å  less frequent tropical cyclones in the Mozambique Channel but with more 

intensive precipitation when they occur 

The study has 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 design level for the existing structures. From a de-

sign point of view the two "wet" scenarios results in almost identical require-

ments to changes in design parameters.  

1.2.2 The current road network 

Mozambique has an estimated classified road network of approximately 30,000 

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 paved 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. Mo-

zambique has a number of large rivers and therefore 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 the Roads and Bridge 

Management and Maintenance Program. The strategy provides an excellent ba-

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 has own standards for hydrology and hydraulic standards. The stan-

dards are only guidelines and are not mandatory, so design consultants can pro-

pose and use other standards - which they do.   

The type of road in Mozambique varies extremely from a limited number of 4 

lane high speed highways to low volume community roads. The success of 

these roads relies on similar factors: 

Å choice of location (alignment), design and construction;  

Å climate and topography the road passes through; 

Å traffic loading; and 

Å maintenance. 

Many of the current problems that are seen in Mozambique are not climate-

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 when 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 

The largest 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 increased temperatures. 

Change in precipitation volumes and patterns - structures 

One of the main threats to bridges from an increase in precipitation is the in-

crease in peak flow and floods and associated scour and bank erosion. The pre-

ferred method to deal with scour would be to account for it correctly in the de-

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 with the bridge 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 climate scena-

rios. The lack of a reliable bridge inventory in the country is 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 from scour, but also ensuring the hydraulic capacity of the 

channel by removal of sediment and debris. If maintenance cannot be assured, 

then it is recommended to invest in more permanent bank and scour protection, 

or design bridges with larger capacity to handle the sedimentation.  

Reinforced concrete pipe culverts are not designed to have capacity for large 

scale floods, greater than 25-50 year return interval, but they should be de-

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 potential for dam-

age is greatest, such as in areas with large fills.  Maintenance needs to be in-

creased for all culverts in high risk areas. 

Change in precipitation volumes and patterns - roads 

The problems 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 investigation on the sub-grade 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 slope protec-

tion measures and use best practices during construction for the lower class 

roads. Landslides are a natural occurrence and the road design needs to have the 

least amount of impact to the surrounding environment to lessen its chances of 
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failure. Road location becomes more important with increased flooding, and the 

suitability of building roads in river valleys needs to be investigated.  Slope re-

vegetation could be required on all impacted slopes.  

Drainage systems should be upgraded in areas that have historically expe-

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 different 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 against climate change are to protect the city infrastruc-

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 the cities can not meaningfully be 

considered road costs.    

Temperature increases 

The main effects from changes in temperatures will be for bridges and bitumin-

ous pavements. 

Bridges are already designed with temperature gradients in mind. The change 

in temperature 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 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 

gradients are not accounted for correctly in the design. The expected life of a 

newly constructed road is estimated to be about 10 to 15 years for the upper 

most asphalt layers. Adjustments in pavement design with respect to binder se-

lection can be made at regular service / reconstruction intervals. Designing for 

different temperature gradients in the future is not considered to have an effect 

on the cost of resurfacing when this is done within the normal time cycle as as-

phalt cost is almost the same for the different types of penetration grade as-

phalt.  

Maintenance needs 

Maintenance to the drainage network becomes all the more important with in-

creases in number of high intensity storms. Routine maintenance, before, dur-

ing and after the rainy season and after the more frequent very heavy events 

will help to alleviate total failures requiring replacement. Investments in drai-

nage systems will be quickly lost if they are left to deteriorate or fill up with 



Making Transport Climate Resilient - Mozambique Country Report  

\\cowi.net\projects\A000000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx 

12 

.  

sediment. Effective cleaning of culverts and drainage systems after storm 

surges or cyclones is essential to protect the infrastructure.  

The maintenance need will increase according to the more frequent heavy rain-

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 feasibly 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 designers shall 

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 are not 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 sedi-

mentation are addressed in the Bridge and Drainage manuals. Soils and sub-

grade problems are addressed in the Pavement Design manuals. Surface drai-

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 climate-related issues and 

solutions are presented 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 climate and 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 evaluation of loca-

tions for new roads and urban development, especially in coastal areas.    

The recommendations listed in this report cover review of design manuals for 

drainage and river and stream crossings with a view to the design curves devel-

oped from the climate scenarios. In addition, it is recommended to adjust re-

quirements for testing 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 changes in 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) the 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 spe-

cific design study) including structures. In addition an estimate of typical addi-

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.   

Table 1-1 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 

of total cost 

today 

Percentage 

cost increase  

"Global Dry" 

Percentage 

cost increase  

"Mozambique 

Wet" 

Preliminary  and general 28.7% 0% 0% 

Earthworks 10.9% 5-10% 10-20% 

Subbase, road base and gravel wearing 

course & bituminous surfacing  

36.1% 5-15% 10-25% 

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 adapted to pre-

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 costs in average 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, plus the additional cost of sealing in areas with high gra-

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 independently from the 

general situation for cities and towns where the drainage and sewerage systems 

are the key determinants for the implications for roads.    
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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 can not be ob-

tained, an attempt has been made to assess potential costs using standardized 

but realistic assumptions about frequency of disruption, number of people af-

fected, waiting times and likely detours.  

The costs of climate changes in the period 2010 - 2050 are roughly estimated at 

around 0.5 - 0.6 bill. USD in 2009 net present value - of which increased main-

tenance costs are far more important than costs of changed designs. Other con-

clusions are: 

Å The cost to road users due to climate-related incidents may be substantial 

even with today's climate and are expected to increase with as much as 

20% in year 2050 

Å 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 condi-

tions decide if it is economic feasible to adapt fully to the predicted climate 

change. The situation for drainage ditches has to be assessed together with 

the expected maintenance strategy  

Å 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 climate (or other) related incidents is expected to be prefer-

able. 

Å For the existing road network the climate changes will incur costs on both 

road users and the road agency. The major cost item is expected to be in-

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 robust - and acknowledge 

that the current scenarios and climate models show a large variability in pre-

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 with proac-

tively in the regular planning and design processes.        

A climate resilient road in the future in 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 maintenance.  The current 

Road Sector Strategy is an excellent tool for ensuring high quality and cost ef-

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: 

Å Research is needed in the accuracy of the design parameters in predicting 

sedimentation and runoff   

Å 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.   

Å The design manuals used today are recommended to be revised so that the 

climate-related issues and solutions are presented clearly e.g. in an addi-

tional chapter. Having a chapter dedicated to the climate and environmen-

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. 

Å As the maintenance need will increase according to the expected more fre-

quent heavy rainfall It is recommended to investigate if it is feasibly to 

change and/or enlarge the drainage system in specific areas prone to ero-

sion and flooding to reduce the risk of total failure and consequential dam-

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

maintenance. 

In the long run the following initiatives are recommended: 

Å Establishment of a process to review climate-related parts of the design 

guidelines at regular intervals (5 or 10 years) to take account of most up-

dated information on observed climate change impacts and the need to bal-

ance climate risks and economic feasibility 

Å Ensure that the excellent maintenance strategy in the current Road Sector 

Plan is implemented 

Å 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 are illustrated below. 

Figure 2-1 Weather stations, topography and land zoning for Mozambique 

 

Mozambique1 is located on the eastern coast of southern Africa at 11-26ę south 

of the equator, and has a tropical to sub-tropical climate which is moderated 

by the influence of mountainous topography in the north-west of the coun-

try. Seasonal variations in temperature are around 5°C between the coolest 

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

and February). Geographically, temperatures are warmer near to the coast, and 

in the southern, lowland regions compared with the inland regions of higher 

elevation. Average temperatures in these lowland parts of the country are 

around 25-27°C in the summer and 20-25° C in winter. The inland and higher 

altitude northern regions of Mozambique experience cooler average tempera-

tures of 20-25° C in the summer, and 15-20° C in winter. 

                                                   
1 The description of the climate in Mozambique builds on the UNDP Climate Change 

Country Profile for Mozambique.  
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The wet season lasts from November to April, coinciding with the warmer 

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

over the north of the country at this time of year, bringing 150-300mm of rain-

fall per month whilst the south receives 50-150mm per month. Topographical 

influences, however, cause local variations to this north-south rainfall gradient 

with the highest altitude regions receiving the highest rainfalls. Mozambiqueôs 

coastal location means that it lies in the path of highly destructive hurricanes 

and cyclones that occur during the wet season. The heavy rainfall associated 

with these events contributes a significant proportion of wet season rainfall over 

a period of a few days. 

Inter-annual variability in the wet-season rainfall in Mozambique is also strong-

ly influenced by Indian Ocean Sea Surface Temperatures, which can vary from 

one year to another due to variations in patterns of atmospheric and oceanic 

circulation. The most well documented cause of this variability is the El Niño 

Southern Oscillation (ENSO) which causes warmer and drier than average con-

ditions in the wet season of Eastern Southern Africa in its warm phase (El 

Niño) and relatively cold and wet conditions in its cold phase (La Niña)." 

Figure 2-2  Mean annual precipitation in mm 

  

Source: INGC 
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Figure 2-3  Mean seasonal historical precipitation for different areas in  

Mozambique 

  

Source: INGC 

 

2.1.1 Experienced droughts, floods, cyclones etc in Mozambique 

The main disasters events affecting Mozambique are weather related pheno-

menaôs, associated with an outbreak of epidemics. Country wide the most 

common events affecting Mozambique are floods, epidemics and tropical cyc-

lones. Figure 2-4 shows that floods count for about 30%, epidemics for 27% and 

19% for tropical cyclones of natural disasters.  
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Figure 2-4 Frequency distribution of total number of natural disasters occurred 

from 1956 to 2008 (67 events), Mozambique 

 
Source: INGC 

Although data consistency is a concern there seem to have been as a significant 

increase in the number of disasters since the 80ôs, with the growing rate of floods 

and epidemics dominating the last two decades of 20th and early 21st centuries. 

Figure 2-5 Total number of the four common events occurred in the different re-

gions; Mozambique. 

 

Source: INGC 

For a better understanding of the level of vulnerability by region (South, Central 

and North) the total number of events by disaster type is described for different 

regions (Figure 2-6). It is observed that the Centre is the most disaster prone 

followed by the South, while the North is likely to have fewer disasters. 
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Figure 2-6 Historical trend of natural disasters in Mozambique (1956 -2008) 

 

Source: INGC 

Floods are much common in the Centre and South; tropical cyclones affect 

more of the Centre and South. Droughts occur more frequently in South and Cen-

tre of the country. Epidemics are likely to affect the Centre and the South. How-

ever, the North is less prone compared to other regions it is noted that tropical 

cyclones and epidemics are matter of concern in this region. 
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Figure 2-7  Flood Prone Areas and Cyclone Risk Levels in Mozambique 

    

Source: Ref. FEWS-NET. 
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Figure 2-8 Flood extent for a 100 year return period 

 

Source: Ref. World Bank, Mozambique: Economic 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: 

Å slightly increased annual mean temperature (about 0.13oC every ten years), 

Å significant increased in number of hot days and nights (7-8% every ten 

years) 
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Å decrease in mean annual rainfall per month (3% every ten years) but an  

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

Å increased frequency of tropical cyclones 

In the UNDP Climate Change Country Profile the recent climate trends (1960-

2006) are described briefly as: 

Temperature: 

Å Mean annual temperature has increased by 0.6oC between 1960 and 

2006, an average rate of 0.13oC per decade. This increase in temperature 

has been observed in the seasons DJF, MAM, and JJA only, at a rate of 

0.15π0.16oC per decade, but no discernible warming has been observed in 

the season SON. 

Å Daily temperature observations show significantly increasing trends in the 

frequency of óhotô days1 and nights in all seasons.  

- The average number of óhotô days per year in Mozambique has in-

creased by 25 (an additional 6.8% of days) between 1960 and 2003. The 

rate of increase is seen most strongly in MAM when the average number 

of hot MAM days has increased by 3.2 days per month (an additional 

10.2% of MAM days) over this period. 

- The average number of óhotô nights per year increased by 31 (an ad-

ditional 8.4% of nights) between 1960 and 2003. The rate of increase 

is seen most strongly in DJF when the average number of hot DJF nights 

has increased by 3.6 days per month (an additional 11.6% of DJF nights) 

over this period. 

Å The frequency of cold days3 and nights have decreased significantly since 

1960 in all seasons except SON. 

- The average number of ócold ódays per year has decreased by 14 (3.9% 

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 average number of ócoldô nights per year has decreased by 27 

(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:  

Å Mean annual rainfall over Mozambique has decreased at an average rate 

of 2.5 mm per month (3.1%) per decade between 1960 and 2006. This an-

nual decrease is largely due to decreases in DJF rainfall, which has de-

creased by 6.3mm per month (3.4%) per decade. 

Å Daily precipitation observations indicate that despite observed decreases 

in total rainfall, the proportion of rainfall falling in heavy events has in-
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creased at an average rate of 2.6% and 5Ȥday annual rainfall maxima 

have increased by 8.4 mm per decade, with largest increases in the wet 

season, DJF. 

2.1.3 Climate zones 

Mozambique can be divided into five climate zones:  

The lowland Plains and Coastal:  occupies the Indian Ocean coast of Mozam-

bique and the transitional zones between the planalto and coastal areas with 

less than 200m above sea level. Bimodal rainfall is observed in most years, 

drought occurrence is reported in some years.  

Major River Basin:  occupies the lower elevation of the river valleys of major 

rivers in the country including the Zambezi-Chire river basin, Lugenda river ba-

sin, Lurio river basin, Buzi-Save river basins, and the Limpopo river basin. 

This is exposed to risks of periodic flooding with the possibility of crop and 

property damages. 

The North (highland and midlands): is characterized by high altitude often 

more than 200m above sea level  

The Central (midlands): is the medium altitude region of the central part of 

Mozambique, includes lowlands < 200m, mid altitude areas 200-500m, and sub 

and planaltic zones 500-1000m a.s.l. covering Manica and Sofala provinces. 

Rainfall ranges in general from 800-1200mm (wet semi-arid and sub-humid cli-

mates). 

The South (drylands and semi-arid):  is mainly located in the southern part of 

the country with rainfall less than 600 mm per year.  
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Figure 2-9 Zoning according to climate and characteristics for the topography in 

Mozambique 

 

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 more sub-scenarios 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 self-reliance and preservation of local identities. Fertil-

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 technological changes are more 

fragmented and slower than in other storylines. 
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For Mozambique the long-term climate changes caused by SRES A2 scenario 

seems to be slightly larger than caused by SRES A1B scenario, which has been 

used for some studies in the region. The climate changes in the next 40 -50 

years until 2050-60 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 period up to year 2040-2060. In this period the climate 

changes are limited and of the same magnitude for the individual SRES scena-

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. 

Figure 2-10  Comparison of climate consequences in Mozambique caused by SRES 

A1B, SRES A2 scenario and SRES B1 scenario. (UNDP Climate 

Change Country Profile) 

 

 

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 2.5O). These 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 

different results and parameters found in the chosen GCMs. It is not recom-

mended to use only one GCM, but to use a weighted average.  

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

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

for the general description of the expected climate change in Mozambique. 
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More detailed information on the estimated climate change consequences for 

the four selected climate scenarios for this study is given in Chapter 2.4. 

The climate models used by UNDP are a sub-set of 15 from the 22-member 

ensemble used by IPCC in AR4. The models included are those which had the 

most complete availability across the different variables required. See the Do-

cumentation report for the UNDP Climate Change Country Profile for further 

details: http://country-profiles.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 illustrations should argue for a relaxed relationship to 

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



Making Transport Climate Resilient - Mozambique Country Report  

\\cowi.net\projects\A000000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx 

28 

.  

Example 1: 

Figure 2-11  UNDP 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 

 

The models show in all cells big variations and there is no significant 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 (-5%) in monthly precipitation in the south and a minor in-

crease (+3%) in the north. 
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Example 2: 

Figure 2-12  Predicted anomaly of mean monthly precipitation (mm) for the summer 

rainy season, JJA, using daily data downscaled from three GCMs. 

SRES A2 scenario and change from around 1990 to 2085. ref.: AR4, 

WG1 (chapter 11) 

 

The predicted change in monthly precipitation up to 2070-2100 shown above 

illustrates that the differences are larger than seen for the shorter time horizon 

until 2050, which is used in this study. But the forecasts show very clearly that 

there is difference in the predicted monthly precipitation in the northern part of 

Mozambique between HadAM3 indicating -20 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 chosen cli-

mate scenarios for this study see Chapter 2.4. 

Temperature 

Å The mean annual temperature is projected to increase by 1.0 to 2.8oC by 

the 2060s. Under a single emissions scenario, the projected changes from 

different models span a range of up to 1.8 oC. 

Å The projected rate of warming is more rapid in the interior regions of Mo-

zambique than those areas closer to the coast. 
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Å All projections indicate substantial increases in the frequency of days 

and nights that are considered óhotô in current climate. 

- Annually, projections indicate that óhotô days will occur on 17-35% of 

days by the 2060s.  

- Nights that are considered óhotô for the annual climate of 1970-99 are 

projected to increase more quickly that hot days, occurring on 25-45% 

of nights by the 2060s. 

Å All projections indicate decreases in the frequency of days and nights that 

are considered ócoldô in current climate. These events are expected to be-

come exceedingly rare, and do not occur at all under the highest emissions 

scenario (A2) by the 2090s. 

Precipitation 

Å Projections of mean rainfall do not indicate substantial changes in annual 

rainfall. The range of projections for 2090s from different models is large 

and straddles both negative and positive changes (-15 to +20mm per 

month, or -15% to +34%). Seasonally, the projections show a more cohe-

rent picture, with the projections 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 from -54 to +19% with en-

semble median changes of -11 to -24% and in SON, -48 to +26% with 

ensemble median values -10 to -12%. 

- Projected changes in DJF rainfall range from -9 to +25% with ensemble 

median values of +1 to +8%. The increases in DJF rainfall are largest in 

the north of Mozambique. 

Å Overall, the models consistently project increases in the proportion of rain-

fall that falls in heavy events in the annual average under the higher emis-

sions scenarios, of up to 15% by the 2090s (7% by the 2060s).The propor-

tion of total rainfall that falls in heavy events is projected to increase in 

DJF in projections from all models and all scenarios, by up to 18%. Mod-

els are also broadly consistent in indicating increases in MAM, but de-

creases in JJA and SON. 

Å The models consistently project increases in 1- and 5-day rainfall maxima 

by the 2090s under the higher emissions scenarios of up to 20mm in 1-day 

events, and 34mm in 5-day events. These also generally increase in DJF 

and MAM, but decrease in JJA and SON. 
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Other Climate Change Information 

Å Tropical cyclones are poorly captured by GCMs and thus potential 

changes in intensity and tracks of tropical cyclones in the future are very 

uncertain. Whilst evidence indicates that tropical cyclones are likely to be-

come, on the whole, more intense under a warmer climate as a result of 

higher sea-surface temperatures, there 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 Niño Southern Oscillation) 

which introduces uncertainty at the regional scale (Christensen et al., 

2007). 

Å The uncertainty in potential changes in tropical cyclones contributes to 

uncertainties in future wet-season rainfall. Potential increases in tropical 

cyclone activity, which may not be captured in the GCM projections, may 

add to the projected increases in wet-season rainfall in the region (Chris-

tensen et al., 2007). 

Å Model simulations show wide disagreements in projected changes in the 

amplitude of future El Ni¶o events. Mozambiqueôs climate can be strong-

ly influenced by ENSO, thus contributing to uncertainty in climate projec-

tions for this region. 

Å Mozambiqueôs coastal lowlands may be vulnerable to sea-level rise. Sea-

level in this region is projected by climate models to rise by the following 

levels by the 2090s, relative to 1980- 1999 sea-level: 

-  0.13 to 0.43m under SRES B1 

-  0.16 to 0.53m under SRES A1B 

-  0.18 to 0.56m under SRES A2 

Å For further information on climate projections for Africa, see Christensen 

et al. (2007) IPCC Working Group I Report: óThe Physical Science Basisô, 

Chapter 11 (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 the past cen-

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, with larger peak wind speeds and heavier precipitation". 

More detailed evaluations are done in the report "Assessment of the Impacts of 

Climate Changes to Sea Level Rise at Costa do Sol Beach in Maputo ï Mo-

zambique. July, 2008" by Jafar Ruby, Sinibaldo Canhanga, & Obadias Cossa, 

INAHINA - National Institute of Hydrography and Navigation, Maputo, Mo-

zambique. 
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"Calculations made by the study for the period 2000 - 2008, 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 contribution of both, SLR 

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 (Intergo-

vernmental Panel on Climate Change) model, which is based on improved 

models (AOGCM, and SRES-IPCC, 2001). 

Assuming that Local Authorities hypothetically adopt measures to adapt to 

climate changes based on ñno actionò (no special protection measures of 

the coastal areas, and costs are related to a planned retreat), the likely av-

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 about 380 m, 

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 mod-

el. See Figure 2-13. The results depend very much on the specific basin It is 

concluded that the average river flow in the northern basin is largely unaf-

fected. Increased river flow is expected in central Mozambique. Major reduc-

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 magnitude of flood 

peaks in any major basins. While increases are observed in isolated sub-basins, 

several major basins including Zambezi and Limpopo show reductions in max-

imum flood peaks. Significant increases in frequency of flooding occur in por-

tions of the Buzi and 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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Figure 2-13 Floods frequency maps. Calculated change in flood frequencies, for 

different river basins in Mozambique, based on GCMs and river flow 

models.  

Source: INGC 

 

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

The most relevant climate changes related to road and transportation in Ethi-

opia are:  

Å Temperature (and evaporation) 

Å Rain (intensity/frequency and volume) 

Å Sea level rise 
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There is a long coastline in Mozambique and this coastline is vulnerable for 

tropical cyclones and storm surge and to 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 cyclones and storm 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 relation to roads. 

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 dur-

ing max flow. 

Much of the coastline of Mozambique is soft, comprising of muddy river sedi-

ments and sand, backed by land with low relief and extensive low-lying coastal 

plains. This is particularly true of the central provinces, which are characterized 

by major rivers, such as the Zambezi, Save, Buzi and Pungoe, draining the con-

tinental interior, and prone to flooding on an annual basis. The coastline has a se-

ries of estuaries and deltas, which shift in response to the frequent floods and de-

posits of large amounts of sediment. Coastal erosion is a problem along the dy-

namic coastline. People, infrastructure and services in harbor cities such as 

Beira are in constant need of protection. The numbers of cyclones are too small 

to draw any significant conclusions regarding 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 events and storm surge/ sea level rise it is chosen not to con-

centrate on adaptation measures for roads related to the limited change in cyc-

lones and storm surge. 

Also the change in temperature is very little and will have a very limited influ-

ence on the road structures and the need for operation and maintenance. 

The general key figures for the relevant changes in Mozambique until 2050 can 

be summarized as (for the range in the specific four climate scenarios investi-

gated in this study, see Chapter 2.4): 

Å The mean temperature increase will range from -1.6 OC to 2.1 OC 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 

cause dust and increased evaporation 

Å The annual rainfall increase will range from -7% till 28%, most in south 

and less in north. The impacts is increased runoff, increased river flow, soil 

moisture, groundwater 

Å Days with heavy rain will be less frequent and but the design storms for 

roads etc. will increase with an estimated 19-35% in intensity for a 10-year 

storm and with 19-37% for a 100 year storm. The impacts are increased 

frequency of flash floods, erosion, sediment and landslide. 
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The predicted change in temperature in the 4 scenarios until 2050 is up till 

around 2OC as annual average, which is less than predicted as an average of 

predictions in the UNDP Climate Change Country Report. An increased tem-

perature influences the general temperature of the roads. Combined 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 

evaporation of rain and moisture in the soil. 

The predicted general change in seasonal precipitation as percentage and mm is 

highest in the season DJF (December - February) and especially in the northern 

part of the country. 

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

basis discharge in the rivers in the most wet and critical months and the in-

crease in moisture of the soil at slopes and beneath the roads.  

There are no forecasts available on very short extreme rainfall. There are esti-

mates of the mean average maximum rainfall in 1-day rainfall. The existing 

design storms used in the drainage design manuals in nearby countries are 

based on historical 24-hour rainfalls. These data are used to find design curves 

for shorter and more intensive storms.  

In this study the same calculation method as used in the drainage design ma-

nuals in nearby countries is 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 4 climate scenarios for Mo-

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 consistent basis between 

this study and the study ñEconomics of Adaptation to Climate Change 

(EACC)" 

The climate scenarios chosen by the World Bank are: 

 GCM-model Emission scenario 

ñGlobal Wetò: NCAR-CCSM, SRES A2  

ñGlobal Dryò: CSIRO-MK3.0 SRES A2 

ñMozambique Wetò: IPSL, SRES B1 

ñMozambique Dryò: UKMO, SRES A2 

The ñUKMOò GCM does not have data for 2046-2065, nor does it contain 

temperature data. Therefore statistics were not computed for temperature or for 

the 2046-2065 period for Mozambique. 
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For these four scenarios data and results have been processed by the University 

of Colorado2 especially for this study with focus on precipitation, temperature 

and run-off for the present climate situation and the future situation in the pe-

riod around 2050 and around 2100. An introduction 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 surge avail-

able for the four specific chosen climate change scenarios. 

2.4.1 Key figures for the climate scenarios 

Some of the most essential figures for the received climate information are pre-

sented in Figure 2-14 below. The focus is on temperature and precipitation in 

heavy events.  

 

                                                   
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., P.E. 
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Figure 2-14 Temperature. Annual daily temperature, max, mean and min. 

           
Historical, 1997-2006 

  
άGlobal Wetò:  NCAR-CCSM, SRES A2 ñGlobal Dryò:  CSIRO-MK3.0, SRES A2 
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 Not available for 2046 
ñMozambique Wetò:  IPSL-SRES B1 ñMozambique Dryò:  UKMO-SRES A2 
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Figure 2-15 Precipitation. Annual 24 hours maximum rainfall (pr year) 

          
Historical, 1997-2006  

  
ñGlobal Wetò:  NCAR-CCSM, SRES A2 ñGlobal Dryò:  CSIRO-MK3.0, SRES A2 
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 Not available for 2046 
ñMozambique Wetò:  IPSL-SRES B1 ñMozambique Dryò:  UKMO-SRES A2 
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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 data relevant for this study are 

summarized for the different climate scenarios: 

Table 2-1 Climate 2050 on average in Mozambique, rain and temperature 

 

 

Table 2-2 Climate 2000-2050 on average in Mozambique 

 

Climate 2050 on Average in Mozambique, rain and temperature

Hist GW-

NCAR,A2

GD-

CSIRO,A2

MW-

IPSL,B1

MD-

UKMO,A2

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 days/y 127 122 109 120 NA

Temperature:

Annual Mean deg C 24.2 22.6 26.3 26.1 NA

Annual Min. deg C 20.0 17.6 22.1 21.9 NA

Annual Max. deg C 28.5 28.1 30.9 30.2 NA

Annual days with heat waves days/y 1.6 2.7 1.9 1.8 NA

Climate Change 2000->2050 on Average in Mozambique

Increase from 2000 to 2050

GW-

NCAR,A2

GD-

CSIRO,A2

MW-

IPSL,B1

MD-

UKMO,A2

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 days/y -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 days/y 1.1 0.3 0.2 NA



Making Transport Climate Resilient - Mozambique Country Report  

\\cowi.net\projects\A000000\A002765\3_Pdoc\DOC\Mozambique Report\2-ver to WB Aug 2010\MTCR-Mozambique_13 aug 2010.docx 

42 

.  

Table 2-3 % Climate change 2000-2050 on average in Mozambique 

 

 

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. The existing Drainage Design Manual for Ethiopia and more other 

countries in the sub Sahara region use design storms based on the 24 hour pre-

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 methods used 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 predicted future cli-

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 curves, but some single values lay unrealistically far from the smooth 

curve, why it is chosen to use the formula based heavy storm curves for evalua-

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 structures and en-

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 present design storm 

curve for different specific projects are about 50% - 160% higher than the his-

torical precipitation data for a storm with the same return period. This means 

that present designs of road infrastructure includes a significant "reserve" com-

pared to 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 scenarios com-

pared to the present/historical storm with the same return period. This percen-

% Climate Change 2000->2050 on Average in Mozambique

% Increase from 2000 to 2050

GW-

NCAR,A2

GD-

CSIRO,A2

MW-

IPSL,B1

MD-

UKMO,A2

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 days/y -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 days/y 67% 15% 10% NA
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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 future current 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 maintenance 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"; NCAR-CCSM, SRES 

A2, are correct for Mozambique - 5 times more often than today. See Table 2-8. 

Table 2-4 24 hour maximum precipitation in mm/24h for different return periods, 

calculated directly and as smooth curves based on common used formu-

las for extreme events 

 

 

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 following Table 2-5 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). 

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, SRES B1 34 44 58 68 78 92 102

"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA
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Table 2-5 % change in 24h precipitation for different return periods based on  

direct data from the GCM 

 

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, ditches, bridges etc. 

Table 2-6 % change in 24h precipitation for different return periods based on 

formulas for smoothing results from the GCM, according to common 

pattern for precipitation/frequency 

 

Note: formula = "smooth" curves 

 

Table 2-7 Absolute change in precipitation per return period 

 

Note: formula = "smooth" curves 

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

% 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 A228% 14% 36% 22% 25% 29% 32%

"Global Dry"; CSIRO-MK3.0, SRES A228% 13% 29% 13% 15% 17% 19%

"Mozambique Wet";  IPSL, SRES B1 38% 25% 45% 29% 31% 34% 37%

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

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

% 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, SRES B1 31% 33% 34% 35% 36% 36% 37%

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

Change in 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 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, SRES B1 8 11 15 18 21 24 27

"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA
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The changes in frequency or return period for a given historical storm are given 

in the table below. This table is used for evaluation of increased frequency of 

damages etc. and increased need for repair and maintenance. 

Table 2-8 Future return period in years for present heavy storm with different 

return periods. 

 

Note: formula = "smooth" curves 

 

The figures for present and future 24 hour maximum rainfall are represented in 

the following graph, Figure 2-16.  

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

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, SRES B1 1 1 2 3 5 9 16

"Mozambique Dry"; UKMO, SRES A2 NA NA NA NA NA NA NA
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Figure 2-16 Calculated design curves for the 24h maximum precipitation in year 

2050 and the present 24h maximum precipitation curve 

  

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 

"Global Dry", CIRO-MK3.0; A2 shows a different pattern as it follows the 

same pattern as the historical curve, but the values for the future 24 hours pre-

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 future 24h precipitation under differ-

ent scenarios, and these curves will be used for assessing the design need, based 

on the %-increase in 24h precipitation from present to 2050 as seen in Figure 

2-16 or Table 2-6.  

The "current design curve" does not exist for the country as such, as there are 

no mandatory design standards. Instead individual design curves for different 

projects and for different regions are left for the designer to decide in the spe-

cific project. One of the projects is the Nampula-Cuamba Road where the de-

sign curve for 24h precipitation is 130-160% higher than the present historical 

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 to Figure 2-15. In the following Table 2-9 and Figure 2-17 the design 

curve for Nampula-Cuamba Road is compared with the present precipitation 

and the expected precipitation in 2050. 
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Table 2-9 Comparison of design storms for Nampula-Cuamba Road and the his-

torical storms and storms in different climate change scenarios 

 

Note: formula = "smooth" curves 

 

Figure 2-17 Comparison of design storms for Nampula-Cuamba Road and the his-

torical storms and storms in different climate change scenarios 

 

 

Other design curves from the "Feasibility study N13" are added in Figure 2-18 

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; the data available is considered statistically acceptable and are used 

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
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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. The curves used by the designer are all located higher than 

the curves for present precipitation and the expected precipitation in 2050 ac-

cording to the climate change scenarios used in this study. This indicates that 

current designs for road projects includes a large reserve to deal with climate 

change.  

Figure 2-18 Comparison of design storms for Nampula-Cuamba Road and "Feasi-

bility study N13" with the historical storms and storms in different cli-

mate change scenarios 

 

 

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 the adaptation consequences for 

roads can not be included in this study. The main reasons are the large uncer-

tainties, the indicated limited change the next 40 years and that adaptation 

measures will be initiated for other reasons than for making transporta-

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 Mozambique from the INGC study for 

the mentioned issues that are not specifically addressed in this study as the im-

pacts are small/uncertain and can not be quantified as significant road costs. 

Rising sea level 

The IPCC and the SRES scenarios represent a Low Sea Level Rise Scenario 

(Low SLR). A  High Sea Level Rise Scenario (High SLR) based polar ice melt 

is also introduced, and it is very speculative, as the future rates of melting of 

the polar ice caps are largely unknown. The results of the scenarios are: 

 

 

Storm surge 

The Low SLR Scenario and the High SLR Scenario introduced above are 

used to generate the future expected extreme sea levels at return periods of 1, 10, 

100 and 1,000 years, depending on the location and the particular sea level 

rise scenario. These scenarios indicate that it is especially after 2060 the large 

impacts of climate change will be seen.  
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Cyclones 

Emanual et al. (2008) describe a technique for downscaling tropical cyclone 

climatologies from global analyses and models, which aims to avoid the resolu-

tion issue. Simulated storms driven by re-analysis 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 AR4 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, and the 22nd century as simulated by assuming IPCC emis-

sion scenario A1b.  

The results for the Indian Ocean show that there is an overall tendency toward 

decreasing frequency of tropical cyclones, consistent with the direct simula-

tions using global climate models, and 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 term modeling outcomes 

suggest that climate change will affect the characteristics of tropical cyclones in 

the South Western Indian Ocean in two distinct ways. 

Tropical cyclones in the Mozambique Channel, are likely to become less fre-

quent, but their intensity and associated precipitation is likely to increase. 
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3 Mozambique road network 

3.1 Introduction 

During the last decade Mozambiqueôs transportation system has experienced a 

major restructuring process after getting severely damaged during the civil war. 

Massive government and foreign efforts have allowed the country to rebuild 

and expand the 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 administrated by ANE, except for urban roads under the jurisdiction of mu-

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 Mozambique is 30,056 km of which around 

20% are paved; in terms of classification they are divided into primary, second-

ary, tertiary and vicinal as indicated in the table below. 

Table 3-1 Mozambique road network 

Road Classification Paved 

(km) 

Unpaved 

(km) 

Total 

(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 functional requirements of 

the road network, which therefore is divided into various classes. Such classifi-

cation is also helpful for administrative purposes. 
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Table 3-2 Classification of the road network in Mozambique 

Categoriza-

tion 

Designation Functional Definition Numbering 

National 
Roads 

Primary 
Roads 

Form the national trunk road net-
work and link: 

 Provincial capitals 

 Provincial capitals and other 
cities 

 Provincial capitals and main 
ports 

 Provincial capitals and impor-
tant border posts 

(a): N1 to 
N100 
(b): N101 to 
N199 

Secondary 
Roads 

Form the secondary network com-
plementing the trunk road network 
and link: 

 Primary roads 

 Provincial capitals and sea or 
river ports 

 Primary roads and economic 
poles of high importance 

 Primary roads and (other) bor-
der posts 

N200 to N399 

Regional 
Roads 

Tertiary 
Roads 

Tertiary roads link: 

 Secondary roads with primary 
roads or with other secondary 
roads 

 District centers 

 District centers and administra-
tive posts 

 District centers and economic 
poles of high importance 

R400 to R799 

Vicinal Roads 

Vicinal roads link: 

 Tertiary roads 

 Administrative posts 

 Administrative posts and other 
population centers 

R800 on-
wards 

(a): Roads that constitute major routes (itinerários principais) 
(b): Other primary roads 

Source: Final Report on ñThe Reclassification of the Mozambique Road Networkò, 

2003. 
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Figure 3-1  Mozambique national road network 

 

Source: ANE 2008 

 

To be considered paved, at least a single 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. As of 2006 almost half of the un-


