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Overview Of The sOUrCebOOk
sustainable Transport:
A sourcebook for Policy-Makers in Developing Cities

what is the sourcebook?
This Sourcebook on Sustainable Urban Transport 
addresses the key areas of a sustainable trans-
port policy framework for a developing city. The 
Sourcebook consists of more than 27 modules 
mentioned on the following pages. It is also com-
plemented by a series of training documents and 
other material available from http://www.sutp.org 
(and http://www.sutp.cn for Chinese users).

who is it for?
The Sourcebook is intended for policy-makers 
in developing cities, and their advisors. This 
target audience is reflected in the content, which 
provides policy tools appropriate for application 
in a range of developing cities. The academic 
sector (e.g. universities) has also benefited from 
this material.

how is it supposed to be used?
The Sourcebook can be used in a number of 
ways. If printed, it should be kept in one 
location, and the different modules provided 
to officials involved in urban transport. The 
Sourcebook can be easily adapted to fit a formal 
short course training event, or can serve as a 
guide for developing a curriculum or other 
training program in the area of urban transport. 
GTZ has and is still further elaborating training 
packages for selected modules, all available 
since October 2004 from http://www.sutp.org or 
http://www.sutp.cn.

what are some of the key features?
The key features of the Sourcebook include:

 A practical orientation, focusing on best 
practices in planning and regulation and, 
where possible, successful experiences in 
developing cities.

 Contributors are leading experts in their 
fields.

 An attractive and easy-to-read, colour layout.
 Non-technical language (to the extent 
possible), with technical terms explained.

 Updates via the Internet.

how do i get a copy?
Electronic versions (pdf) of the modules are 
available at http://www.sutp.org or http://www.
sutp.cn. Due to the updating of all modules 
print versions of the English language edition 
are no longer available. A print version of the 
first 20 modules in Chinese language is sold 
throughout China by Communication Press 
and a compilation of selected modules will be 
sold by McMillan, India, in South Asia from 
June 2009. Any questions regarding the use of 
the modules can be directed to sutp@sutp.org or 
transport@gtz.de.

Comments or feedback?
We would welcome any of your comments or 
suggestions, on any aspect of the Sourcebook, by 
e-mail to sutp@sutp.org and transport@gtz.de, 
or by surface mail to:

Manfred Breithaupt 
GTZ, Division 44 
P. O. Box 5180 
65726 Eschborn, Germany

further modules and resources
Further modules are under preparation in the 
areas of Financing Urban Transport, Transport 
and Health and Parking Management.
Additional resources are being developed, and 
Urban Transport Photo CD-ROMs and DVD 
are available (some photos have been uploaded 
in http://www.sutp.org – photo section). You 
will also find relevant links, bibliographical 
references and more than 400 documents and 
presentations under http://www.sutp.org , ( http://
www.sutp.cn for Chinese users).
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http://www.sutp.cn
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Module 5f: Adapting Urban Transport to Climate Change

1. introduction

Transport is linked to all aspects of urban life: 
leisure, education, business and industry. Ensur-
ing a resilient urban transport system is therefore 
necessary to avoid large and costly disruptions 
of urban life. As current weather impacts on 
transport will become more frequent and more 
extreme in the future, the number of days on 
which the transport system is confronted with 
extreme stressors will increase. If no adaptive 
measures are taken, more frequent disruptions 
and higher economic costs must be expected.
Many transport decision-makers in developing 
countries are already confronted with extreme 
weather events, such as flooding, subsidence and 
storms, all of which are expected to increase 
with climate change. In the worst case, trans-
port systems may not be able to recover between 
such events, resulting in exponential damages. 
Hence, building a climate-resilient urban trans-
port system is vital to:
�� Safeguard transport infrastructure and its 
embedded value;
�� Ensure reliable mobility and economic vital-
ity/ development; and
�� Guarantee the health and safety of urban 
residents.

While we can learn from existing disaster 
risk management, more information and new 
approaches to transport planning are needed to 
develop urban transport systems that are resil-
ient under changing climatic conditions.
This module of the GTZ Sourcebook for Deci-
sion-Makers in Developing Cities is intended to 
raise awareness, describe the expected impacts 
of climate change on urban passenger trans-
port 1) (Section 2 and 3) and provide an orienta-
tion on how to integrate climate proofing into 
urban transport planning and policy implemen-
tation (Section 4). The Paper concludes with a 
discussion on synergies between adaptation and 
mitigation (Section 5).

 1) Although many impacts on freight transport are similar 
to passenger transport, in particular regarding transport 
infrastructure, freight transport is subject to different 
dynamics and requires a separate assessment, which is 
beyond the scope of this paper.

figure 1
Why adapt urban 
transport to 
climate change?
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Although the transport sector lies at the heart 
of urban conglomerations, little attention has 
been paid specifically to the vulnerabilities of 
the urban transport system. Nevertheless a few 
studies on the overall impacts of climate change 
on transport have emerged in recent years in 
Europe and North America. This paper gives an 
overview of these findings and sets them in the 
context of adaptation in developing cities.

The GTZ Sustainable Urban Transport Project 
(SUTP) and its Urban Transport Sourcebook 
provide lots of information on sustainable trans-
port policy for decision-makers in developing 
cities.  In addition to the Sourcebook, which 
currently consists of 27 modules,  technical 
papers give detailed background information 
on specific questions that cannot be explored 
in the Sourcebook modules.

All GTZ Sourcebook modules on sustainable 
urban transport are available online at http://
www.sutp.org.

Adaptation in transport cannot be viewed in 
isolation nor be reduced to technical infrastruc-
ture fixes. In order to deal with climate change, 
transport systems must be designed to cater for 
the mobility demands of all urban populations, 
including the poor, under changing climatic (continued on page 4)

http://www.sutp.org.
http://www.sutp.org.
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figure 2: The greenhouse effect

Source: Wuppertal Institute based on Goudie (1990)

box 1: 
The greenhouse effect
The  Earth’s  temperature 
is controlled by a balance 
between energy input from 
solar radiation (short-wave 
radiation) and reflection of 
this  back  into  space.  As 
illustrated in Figure 2, about 
one third of solar radiation is 
directly reflected back into 
space while the other two 
thirds are absorbed by the 
Earth’s  land, oceans and 
atmosphere. As the Earth’s 
surface  warms,  it  emits 
long-wave infrared radiation. 
Greenhouse gases trap and 
re-emit some of this radia-
tion warming the planet. The 
higher the concentration of 
greenhouse gases, the more 
radiation is trapped, increas-
ing global temperatures.

The  natural  greenhouse 
effect  is  intensified by the 
emission  of  greenhouse 
gases, such as carbon diox-
ide and methane,  through 
human  activities;  mainly 
burning of fossil  fuels and 
agriculture. Global green-
house gas emissions have 
grown since  industrialisa-
tion in the 19th century and 
increased  70 %  between 
1970  and  2004.   Thus 
atmospheric  concentra-
tions of greenhouse gases, 
in particular CO2 and meth-
ane, now exceed by far the 
natural range over the last 
650,000 years and continue 
to increase (IPCC, 2007). As 
a consequence, ever more 
solar  radiation  is  trapped, 
leading  to  ever  greater 
warming of the earth system.

background 
Adaptation to a changing climate

Humankind and nature have always adapted 
to changing climatic conditions. However, the 
speed of man-made climate change is unprec-
edented. Already today, average global tem-
peratures have increased 0.74 °C over the last 
century and warming of the climate system is 
unequivocal (IPCC, 2007). The emission of 
greenhouse gases since industrialisation has 
been identified as the primary cause for man-
made climate change (see Box 1).

Without efficient climate policies 
and mitigation actions, global 
warming is expected to surpass 
2 °C by the middle of the cen-
tury (Meinshausen et al., 2009) 
and might culminate in a global 
temperature increase between 
1.1 °C to 6.4 °C until 2100, 
depending on different scenario 
assumptions (IPCC, 2007).
The consequences of global 
warming are multifaceted. 

They include rising sea levels due to thermal 
expansion of the oceans, melting glaciers, ice 
caps and polar ice sheets. According to recent 
calculations, sea levels could rise between 0.5 
to 1.5 metres by 2100 above the 1990 level 
(Rahmstorf, 2007), however, uncertainties 
remain and higher levels of sea-level rise cannot 
be ruled out. Already a sea-level rise of 38 cen-
timetres could increase the number of people 
flooded by storm surges five times (Nicholls et 
al., 1999). The hydrological system is also prone 
to severe changes induced by global warm-
ing. Depending on the region, this can lead to 
changed annual and/or seasonal water availability, 
in turn leading to more droughts and/or floods. 
More droughts can worsen desertification and 
increase air-borne dust and sand. The melting of 
glaciers affects freshwater availability in spring, 
and more extreme rainfall events (more concen-
trated rainfalls) will further heighten flood risk. 
Temperature extremes, i.e. heat waves or cold spells, 
are expected to occur more often and tropical 
storms are likely to increase in intensity and fre-
quency, posing the risk of storm surges and dam-
ages (IPCC, 2007). Figure 3 shows the expected 
temperature increases at the end of the 21st 

summary of climate impacts:

�� higher temperatures
�� more heat waves
�� more droughts
�� more cold spells
�� more extreme rain
�� more flooding and extreme floods
�� more intense and frequent storms
�� sea-level rise
�� changed water availability
�� melting of glaciers and permafrost
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century compared to the end of the 20th century 
based on IPCC scenario A1B 2).
The effects of these natural processes on human 
activities vary in extent with the rate of tem-
perature increase, adaptive capacities and the 
regional socioeconomic context in general (see 
Box 2 for definitions). Although the impact of 
regional climate change can be observed on 
all continents and most oceans, countries of 
the developing world are particularly affected 
by changes in the physical environment. The 
World Bank Climate Change Data Portal pro-
vides summaries of expected climate change 
impacts based on different models on a country-
basis for the entire world. The data is freely 
accessible online at Worldbank Climate Change 
Data Portal http://sdwebx.worldbank.org/cli-
mateportal/home.cfm?page=globlemap (slow 
internet connections may require some patience 
when downloading data).
Despite enormous progress in climate pre-
dictions, a lack of definite or comprehensive 
information about climate change impacts and 

 2) The A1 storyline assumes a world of very rapid economic 
growth, a global population that peaks in mid-century 
and rapid introduction of new and more efficient technol-
ogies. A1 is divided into three groups that describe alter-
native directions of technological change: fossil intensive 
(A1FI), non-fossil energy resources (A1T) and a balance 
across all sources (A1B).

figure 3
Surface warming at the 

end of the 21st century.
Source: IPCC, 2007

box 2:  
Definitions: Adaptation, 
vulnerability and resilience
Adaptation

“Adaptation is the adjustment in natural 
or human systems to actual or expected 
climatic stimuli or  their effects, which 
moderates harm or exploits beneficial 
opportunities” (Parry et al., 2007: 27).

Adaptation can take many different forms. 
Adaptation to floods,  for  instance, can 
include planned or anticipatory adapta-
tion measures, such as the limitation of 
new developments in flood-prone areas or 
the extension of protective infrastructure, 
such as sea walls or the improvement of 
drainage systems. But it can also include 
reactive response measures such as using 
emergency schedules for public transport 
that avoid flooded areas.

vulnerability
Vulnerability  is  the degree to which a 
system is sensitive to and unable to 
cope with adverse effects of climate 
change, including climate variability and 
extremes. As such vulnerability is a func-
tion of exposure to impacts, sensitivity of a 
system to climate change and the capacity 
to adapt. Strengthening adaptive capacity 
can therefore decrease vulnerability (Parry 
et al., 2007; Kelly and Adger, 2000).

For instance, the vulnerability of an under-
ground railway system to floods depends 
on:
�� The exposure of the system to flood-
ing, e.g. once every 5 years or several 
times a year;
�� The sensitivity of  the underground 
system to flooding, e.g. delays or total 
disruption of services when flood water 
reaches a certain level; and

�� The capacity of local service providers 
or institutions and their respective infra-
structures to deal with the floods, e.g. 
through an adequate pumping system 
(tompkins and adger, 2003; adger and 
vincent, 2005).

resilience
Resilience indicates a capacity to main-
tain core functions of a system in the 
face of hazards and impacts, in particular 
of vulnerable populations. In the context 
of cities, resilience is a product of govern-
ments, groups of society, enterprises and 
individuals with strong adaptive capacity, 
i.e.  to anticipate climate change and to 
plan required adaptations. Resilience to 
climate change also interacts with resil-
ience to other dynamic pressures, such 
as poverty, economic change or conflict 
(Satterthwaite et al., 2009).

vulnerability remains, especially at the local 
level. Hence, a degree of uncertainty will always 
remain in planning for adaptation. This uncer-
tainty can, however, be taken into account by 
robust planning approaches and should not be 
used as a false pretext not to plan for adaptation 
today. There is a need to significantly reduce 
vulnerability and ensure that big public invest-
ments in long-lasting transport infrastructure 
are not lost in twenty years time due to changed 
climatic conditions. Designing sustainable 
transport systems means to minimise the effects 
of climate change by pursuing adaptation and 
mitigation in parallel.

http://sdwebx.worldbank.org/climateportal/home.cfm?page=globlemap
http://sdwebx.worldbank.org/climateportal/home.cfm?page=globlemap
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conditions; but also try to minimise transport-
related greenhouse gas emissions. This includes 
considering the consequences of adaptation 
strategies for mitigation.
Integration with other sectors, especially with 
urban planning is most vital to maximise 
benefits. Transport decision-makers and city 
planners are holding the levers to stimulate a 
climate proof, inclusive and sustainable urban 
development.

Impacts and adaptation needs differ between 
countries and regions and hence scenarios will 
have to be developed for particular cities on an 
individual basis. To be able to do so, specific 
climate information on a regional or local level is 
needed. Where and how to access such infor-
mation is explained in the GTZ Practitioner’s 
Manual Climate Change Information for Effective 
Adaptation (2008). The manual also provides 
a more detailed background of basic climate 
change science, and is a good entry point for 
an overview of how to gather and interpret rel-
evant climate data.

Available online at http://www2.gtz.de/
dokumente/bib/gtz2009-0175en-climate-
change-information.pdf

To provide a framework for better understand-
ing the impacts of climate change on urban pas-
senger transport, the following background text 
shortly introduces the general climate change 
science and adaptation challenges.

2. Cities and climate change

Currently about half of the world’s population is 
living in urban areas. Even in Africa, which has 
long been considered a rural continent, close to 
40 % of the population is living in cities. Urbani-
sation rates average 2 % globally, but are higher 
in many developing countries. Being home to 
more than three billion people, cities are major 
sources of greenhouse gas emissions. Up to 80 % 
of global greenhouse gas emissions are estimated 
to originate in urban areas (MunichRe, 2004), 
providing large mitigation potentials. At the 
same time, with high population and infrastruc-
ture densities as well as concentrated economic 
activities, cities are particularly vulnerable to the 
impacts of climate change and need to adapt.
With urbanisation, the concentration of both 
population and economic activities in low-lying 
coastal areas has greatly increased, adding to 
the vulnerability of coastal cities due to sea-level 
rise and increasing storm activities. The Low 
Elevation Coastal Zone (LECZ), defined by 
McGranahan et al., (2007) as the continuous 
area along the coast that is less than 10 metres 
above sea level, covers 2 % of the world’s land 
area, but hosts 13 % of the world’s urban popu-
lation 2). While small island states have the larg-
est shares of their population living in low-lying 
coastal zones, the largest absolute numbers of 
people living in this risk-prone area are in large 
countries with heavily populated delta regions, 
such as China or India (see Figure 4).

 2) All estimates are for the year 2000.

figure 4
Countries with 

the largest urban 
populations in low-

elevation coastal zones.
Source: own illustration 

based on CIESIN dataset
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Note: The low-elevation coastal zone is the continuous area along the coast that is less than 10 metres above sea level.

http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
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2.1 expected impacts
Urbanisation trends in coastal areas will further 
increase the exposure of populations and eco-
nomic assets to sea level rise.
Coastal cities are particularly affected by cli-
mate change, but inland cities will also face a 
number of increasing climate risks as summa-
rised in the next section. The type of impacts 
and their expected severity differ for each city. 
Nevertheless, generally expected impacts of cli-
mate change on cities can be summarised as fol-
lows (based on Dawson, 2007; IPCC, 2007):
�� Increased temperature and more heat waves, 
will lead to worsened heat island effects in 
cities. This can negatively affect comfort 
and health of city dwellers, e.g. through heat 
stress, but also damage infrastructure mate-
rial, such as asphalt or rails, designed for 
lower temperatures. Increased temperature 
and heat waves will also raise the demand 
for cooling; in private homes, as well as in 
industry or transport. More air conditioning 
may constrain electricity generation and/ or 
supply. Higher temperatures together with 
changed precipitation patterns will result in 
exotic species, including pathogens and pests, 
in new areas. While cold-related disruptions 
are likely to decrease in general, some areas 
will be confronted with more cold spells with 
likely impacts on health and infrastructure 
material, as well as disruptions of businesses 
and transport.
�� Droughts are expected to become more 
frequent in many areas, limiting water 
availability and quality. Water shortages 
may affect electricity generation, disrupt 
human consumption, industrial processes, 
water-borne transport and neighbouring 
agricultural activities. Access to clean water 
already is a challenge in many developing 
countries, which will become more daunting 
with higher temperatures and reduced water 
availability.
�� Sea-level rise will increase the risk of storm-
surge flooding and coastal erosion threaten-
ing coastal cities. Depending on the level 
of sea level rise, certain low-lying urban 
areas are at risk of being submerged entirely. 
Higher sea levels can also hold back drainage 
of extreme flows in urban drainage systems 

and rivers and lead to saltwater intrusion. 
Coastal wetlands will be squeezed, reducing 
the natural buffers against tidal flooding and 
storm surges further.
�� More extreme rainfall events (including sea-
sonal changes) are expected in most cities 
and can lead to more flooding and more 
extreme floods, in particular in combination 
with sea level rise. More intense rains will 
heighten the pressure on urban drainage 
and flood systems. They can also increase 
disruptions for inhabitants, businesses and 
transport and could damage buildings and 
infrastructures. More extreme rainfall may 
also trigger more landslides.
�� More intensive and frequent storms pose 
a risk for people’s health and for urban 

figure 5
Dusty road in 
Cairo, Egypt.

Photo by Karl Fjellstrom, 2002 
GTZ Photo DVD

figure 6
Storm and rain 

damages in the USA.
Photo by PhotoDisc
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box 3: Case study – failed 
evacuation for hurricane katrina
Hurricane Katrina hit  the Gulf Coast on 25 
August 2009. It was the most destructive and 
costliest natural disaster in the history of the 
United States (Grenzeback and Lukmann, 2007). 
But how “natural” was the disaster really? “Kat-
rina began as a hurricane but only became a 
disaster because of significant, preventable 
planning and management failures” (Litman, 
2006: 3). Namely, evacuation of the poor pop-
ulation without access to cars failed. There 
was no effective evacuation plan for residents 
dependent on public transport, despite offi-
cial being aware of the problem that between 
100,000 and 300,000 people had no access 
to  reliable personal  transportation  (Litman, 
2006). While Katrina’s evacuation plan, using 
all  lanes on highways for outbound vehicle 
traffic, functioned relatively well for motorists 
despite very slow traffic speeds, those without 
access to a car were left behind with little rescue 
efforts and a severe lack of adequate guidance 
(Litman, 2006; Renne, 2005). Many aspects 
of disaster planning and response could have 
been improved in the case of hurricane Katrina. 
Providing free public transport to evacuate the 
less well-off from New Orleans would have been 
at the heart of a more equitable and effective 
strategy and could have avoided much of the 
suffering and many of the deaths resulting from 
Katrina (Litman, 2006).

infrastructure alike. Storm-related loss of life, 
injuries and damages are likely to increase. 
In particular in coastal cities also affected 
by sea-level rise the likely increase in storm 
activity further heightens the risk of storm 
surges.
�� Health may not only be affected by heat 
waves and storm activities. Higher tem-
peratures also encourage photochemical 
smog and ozone. At the same time, changed 
distribution of vector-borne diseases due to 
warming can be expected. Infectious diseases 
could spread particularly fast in densely 
populated urban areas.

In addition to adaptation, potential impacts 
may require new insurance policies and demand 
enhanced disaster risk strategies and evacuation 
plans.
Many of the climate impacts are made worse 
in an urban context, e.g. where flood risk has 
already been increased by certain aspects inher-
ent to urban development: water drains faster 
from built-over land and drained wetlands in 
coastal areas reduce the buffer against tidal 
flooding. Another important problem is the so-
called heat island effect, caused by the storage 
of solar energy in the urban fabric during the 
day, which is released again during the night. 
On top of that, urban activities, such as trans-
port, air conditioning and industrial processes 
directly emit heat into the urban area. At the 
same time, increased surface roughness in cities 
hinders wind speeds, convective heat loss and 
evapotranspiration, which can reduce air quality.

figure 7
Flooded dwellings 
in Bangladesh.
Photo by Robert Heine, GTZ

2.2 vulnerability in cities
It must also be noticed that not all people are 
equally vulnerable. Their vulnerability basi-
cally depends on two factors: the exposure to 
climate hazards and their ability to adapt to 
or avoid those impacts. In general, the urban 
population most vulnerable include children, ill 
and disabled people or the elderly, who are less 
able to cope with heat stress or to flee quickly 
in the case of a disaster. But also the urban 
poor —especially those most exposed, e.g. by 
living on floodplains or in poor quality hous-
ing– who are not able to move or change jobs 
if their livelihood is threatened. These are also 
often the people least able to recover from a dis-
aster, loss of home or income. At the same time, 
many urban dwellers live on illegally occupied 
land or with very limited abilities to pay rent, so 
that neither landlords nor city authorities are 
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new residential and transport developments 
on flood plains or reducing provisions for non-
motorised transport.

“In many cases, adapting transport 
infrastructure will actually mean 
building resilient infrastructure.”

Transport and city planners, as well as transport 
providers are at the forefront of creating sus-
tainable, resilient and inclusive urban systems. 
For instance, the provision of social housing 
could offer an alternative for the poor, who live 
on illegal lands prone to floods or mudslides 
with no investments in building security. Even 
though limitations at the city level are often 
linked to shortcomings of national governments 
to support effective urban policies and local 
governance, there is much room for action at 
the city level. The transport system is the lifeline 
of any urban system and therefore at the heart 
of its resilience. To better understand its vulner-
abilities, the following chapter will systemati-
cally assess the adaptation needs and opportuni-
ties of different transport modes.

incentivised to invest in a more resilient infra-
structure in these areas.
Wealthy people on the other hand, are better 
positioned to take protective measures or escape 
when disaster occurs. For instance, a response 
to tropical storm warnings is to evacuate high-
risk areas. However, due to limited access to 
(private) mobility this is not easily possible for 
the urban poor, when evacuation plans do not 
include sufficient (and free) provision of public 
transport to evacuate. This was striking in the 
case of hurricane Katrina in New Orleans (see 
Box 3). The Katrina example underlines that 
the vulnerability of low-income urban dwellers 
cannot be put down to their poverty alone. It 
largely depends on local policies. City govern-
ments can improve the resilience of their poor 
and vulnerable populations by catering to their 
specific needs. This includes the provision of an 
affordable, safe and inclusive urban transport 
system; especially in times of crisis. Poor neigh-
bourhoods will have to be actively integrated 
into city, land-use and transport planning —not 
segregated— in order to increase the resilience 
of the urban majority and urban systems as a 
whole.

2.3 specific challenges in developing 
cities

In many developing cities current transport 
systems are especially inadequate to cater to the 
transport needs of the majority of their popula-
tions. Addressing these needs at the planning 
and design stages of urban (transport) devel-
opment is, however, a prerequisite to reduce 
vulnerabilities. Successful adaptation will hence 
go beyond merely adjusting existing transport 
networks to the impacts of climate change.
Moreover, “you cannot adapt infrastructure 
that is not there” (Huq and Satterthwaite, 2008: 
2): In many cases, adapting transport infra-
structure will actually mean building resilient 
infrastructure.
As many urban areas in developing countries 
are still undergoing (rapid) development, the 
time to build climate-proof urban systems 
is now. At the same time, maladaptation, i.e. 
developments that increase the vulnerability of 
cities by ignoring climate change implications, 
must be avoided. Examples could be allowing 

figure 8
Flooded road in 
Bangkok, Thailand.
Photo by Matthias Müth, GTZ
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3. Likely impacts on urban 
transport systems and potential 
adaptation measures 3)

The interconnectivity of urban (transport) infra-
structures can lead to a domino effect, causing 
disruptions that are larger than the climate 
impact itself. For instance, failure of urban 
transport due to flooding can 
lead to far reaching economic 
losses, because people cannot get 
to work or goods cannot be dis-
tributed. Worse, in inadequately 
designed systems, cascading 
effects can also lead to avoidable 
human suffering or death. An 
example is the case that criti-
cal urban infrastructure such 
as hospitals cannot be reached 
(fast enough) because access 
routes are flooded or disrupted. 
Adverse effects can be particularly large, when 
already poorly connected areas are completely 
cut-off, central transportation hubs are affected 
or the transport system is working close to its 
capacity.
To prevent this, it is necessary to:
�� Plan for inclusive high-quality public 
transport;
�� Prepare for potential alternative routes; and
�� Identify critical infrastructure.

For instance, the day after a collapsed highway 
overpass had closed a critical freeway in Los 
Angeles due to the Northridge earthquake, rid-
ership on a parallel commuter rail line grew to 
more than twenty times its normal daily aver-
age. These (indirect) social costs and economic 
effects need to be taken into account in addition 

 3) This section presents the expected impacts of climate 
change on urban passenger transport and possible 
response strategies. We acknowledge that cities have 
a large footprint and rely on infrastructures beyond the 
urban area as such. Due to limited resources, in this 
paper only transport elements in the urban area can 
be considered. As a result, aviation, long-distance road 
and rail transport or ports are not covered. Furthermore, 
the focus is on direct impacts, such as heat stress of 
public transport passengers. Indirect effects, such as 
a decrease in tourist numbers due to changed tem-
peratures, resulting in less transport demand are not 
considered.

to the direct costs of infrastructure damages, 
when weighing the expenses of more resilient 
transport system design and infrastructures.
The climatic impacts on transport can be classi-
fied into three aspects:

1. Impacts on transport infrastructure;
2. Impacts on vehicles;
3. Impacts on mobility behaviour.

Infrastructure will need to be built and main-
tained to withstand hotter tem-
peratures, worse storms, more 
intense rain and flooding, as 
well as higher sea levels. Vehicles 
will need to be adapted to func-
tion well under hotter weather 
conditions and still provide 
travel comfort. Behaviour will 
mainly be affected on days of 
extreme weather, such as heat 
waves, floods, intense rains, high 
wind speeds and storm activity.

Different groups of actors are in the position to 
act on these distinct aspects of mobility:

figure 9
Nasty weather makes cycling an 
uncomfortable challenge. Jinan, China.
Photo by Carlosfelipe Pardo, GTZ

In Asia, windstorms and 
floods between 1996 and 
2005 caused over 70,000 
deaths and economic loss 
of around $190 billion, a 
large part of which could 
be attributed to the lack 
of adequate infrastruc-
ture (Satterthwaite and 
Dodman, 2009).



9

Module 5f: Adapting Urban Transport to Climate Change

1. Public authorities are in charge of providing 
resilient infrastructure. This mainly includes 
transport and urban/spatial planners, but also 
other departments, such as construction and 
housing departments, environment agencies 
and disaster or flood risk managers.

2. Transport service providers are in charge 
of providing suitable vehicles for public 
transport, but vehicle requirements/design 
standards can be formulated by city govern-
ments. Private vehicles are provided by pri-
vate enterprises and may require changes in 
vehicle configurations or accessories, such as 
air conditioning.

3. Every road user, public transport user, 
cyclist or pedestrian is affected by climate 
impacts on transport and will make indi-
vidual or corporate choices. Nevertheless 
these choices are influenced by the provision 
of accessible, efficient, comfortable and safe 
mobility options, even under bad weather 

conditions, and are therefore closely con-
nected to (public) policy choices on transport 
system design, infrastructure and vehicles.

Affecting so many aspects of life, adapting urban 
transport to climate change requires cross-depart-
mental cooperation and decision-making. Cli-
mate change considerations must be integrated 
into the general transport system design, new 
transport developments, as well as maintenance 
activities of existing transport networks to make 
transport systems more resilient against future 
impacts. Cooperation is also needed on evacua-
tion and disaster risk management planning.

“Adapting urban transport to climate 
change requires cross-departmental 
cooperation and decision-making.”

The following chapters discuss in more detail 
the adaptation needs of urban transport. Chap-
ter 3.1 explores the impacts on infrastructure: 
road, rail and waterways. Chapter 3.2 then 
elaborates the challenges for public transport 
services, with a focus on vehicles and opera-
tion. Chapter 3.3 briefly discusses implications 
for private transport; both non-motorised and 
motorised. Finally, Chapter 3.4 summarises the 
discussion on costs and benefits of adaptation.

3.1 Transport infrastructure
3.1.1 Road infrastructure, bike lanes, 

walkways
Road infrastructure, including infrastructure 
for non-motorised transport (bicycle lanes and 
walkways), provides the foundation for most 
public, private and commercial mobility in devel-
oping cities. At the same time, it is one of public 
authority's assets with the largest (replacement) 
value. Providing resilient road infrastructure is 
therefore critical for any sustainable urban system 
and the economic well being of cities. Road 
infrastructure in this chapter is used as a collec-
tive term for roads, bicycle lanes and walkways, 
all of which will similarly be affected by climate 
change. Table 1 gives a detailed overview of the 
relevant climate impacts on road infrastructure 
and possible adaptation measures.
The above impacts and their resulting restric-
tions in road use can cause congestion, 

box 4: 
how to read Tables 1 through 4
Tables 1 through 4 below summarise climate 
impacts and adaptation responses for differ-
ent transport infrastructure and services. They 
are a synthesis of the current state of the art 
in adaptation research. Note that information 
provided represents the whole spectrum of 
potential  impacts and possible adaptation 
strategies.  It  intends to raise awareness of 
the potential risks that need to be considered. 
To what degree adaptation strategies will be 
adequate under local circumstances depends 
on the severity of expected impacts and char-
acteristics of existing systems. Please refer to 
Section 3, for a presentation of a step-by-step 
approach to identify and prioritise adaptation 
measures. In such an approach the tables can 
be used as check lists for identifying adapta-
tion needs and options.

There is clearly more research needed into the 
specific adaptation needs of transport in less 
developed countries. This paper necessarily had 
to draw on the existing studies, all of which are 
set in an industrialised country context. While 
some of  the response measures discussed 
therein may not be adequate for less developed 
countries, these studies still provide a wealth 
of information that draws attention to the main 
areas where adaptation is needed.
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figure 10
Flood damaged road in Guatemala.
Photo by Gunter Zietlow, 2001, GTZ

Table 1: summary of key climate change impacts and adaptation responses for road infrastructure

Relevant climate 
impacts

Impact on road infrastructure Possible adaptation measures

Increased 
temperature 
and more heat 
waves

�� Deformations of roads, slowing down or 
disrupting transport; melting of asphalt/
dark surfaces
�� Increased asphalt rutting due to 
material constraints under severe 
exposure to heat

�� Planting roadside vegetation to 
decrease the exposure of roads to heat
�� Reduce overall exposure and provide 
cooling through green and blue 
infrastructure, such as parks and 
lakes, but also road-side trees or other 
shading
�� Proper design/construction, overlay 
with more rut-resistant asphalt or more 
use of concrete
�� more maintenance, milling out ruts

�� Thermal expansion on bridge 
expansion joints and paved surfaces
�� Bridge structural material degradation

�� New design standards may be needed 
to withstand higher temperatures
�� Increased maintenance

More frequent 
droughts 
(and less soil 
moisture)

�� Dry soils in combination with more 
intense rains will lead to more 
landslides and subsidence
�� Road foundation degradation due to 
increased variation in wet/dry spells 
and a decrease in available moisture
�� Dust and sand on roadways can 
be a safety hazard from several 
perspectives including reduced friction 
in braking, as well as less sighting of 
roadway markings

�� Assess the likeliness of impacts on 
road infrastructure (risk mapping)
�� Avoid new developments in high-risk 
areas
�� Monitoring of soil conditions of existing 
roads
�� Increased cleaning and maintenance of 
roadways

Sea level rise 
and coastal 
erosion

�� Risk of inundation of road infrastructure 
and flooding of underground tunnels in 
coastal cities
�� Degradation of the roadway surface 
and base layers from salt penetration

�� Create vulnerability maps to identify 
areas most at risk
�� Restrict developments in high-risk 
areas, e.g. along the shoreline; zoning
�� Integrate transport planning with 
coastal zone management
�� Enhance protective measures, such 
as sea walls, protection of coastal 
wetlands (as buffers)
�� Managed retreat, possibly including 
abandoning of certain transport 
infrastructure in the mid to long term
�� Build more redundancy into system
�� Design and material changes towards 
more corrosion-resilient materials
�� Improved drainage, pumping of 
underpasses and elevating roads
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Relevant climate 
impacts

Impact on road infrastructure Possible adaptation measures

More extreme 
rainfall events 
and flooding

�� Flooding can affect all transport 
modes. The risks are greater in flood 
plains, low-lying coastal areas and 
where urban drains are overloaded or 
non-existent
�� Flooding of roadways and subterranean 
tunnels, especially where drainage is 
inadequate
�� Road damages and decrease of 
structural integrity due to erosion, 
landslides and increasing soil 
moistures levels.

�� Improve drainage infrastructure to be 
able to deal with more intense rainfall 
events, increasing capacity of drainage 
infrastructure to deal with increased 
run-off; include tunnels under large 
roads to facilitate speedy drainage
�� Audit drains regularly
�� Enhanced pumping
�� Create flood maps to identify most 
vulnerable areas, where infrastructure 
needs to be protected/improved/
avoided in the future and assess 
alternative routes (this is vital for 
evacuation plans)
�� Make flood-risk assessments a 
requirement for all new developments
�� Restrict developments in high-risk 
areas
�� Improve flood plain management/
coastal management and protective 
infrastructure
�� Early warning systems and evacuation 
planning for intense rainfall events and 
floods
�� Install signs high-above the ground that 
can alert pedestrians and motorists of 
unsafe zones, such as low-lying areas

�� Higher rivers or canals can lead to 
undermining and washing off of bridges

�� Ensure that bridges and related 
infrastructure is resilient to expected 
levels of flooding
�� Rainfall monitoring

�� Dirt roads and other roads with limited 
foundations and poor or no drainage 
are at risk of being washed away or 
scoured

�� Enhance foundations
�� Build all-weather roads
�� Improve green spaces and flood 
protection

�� Subgrade material underneath roads 
or pavements may be degraded more 
rapidly, loosing strength and bearing 
capacity

�� Enhance condition monitoring of 
subgrade material especially after 
heavy rains, flooding
�� Regular maintenance

�� Increased weathering of infrastructures �� Use more durable material, such as 
more corrosion resistant material

More intensive 
and frequent 
storms

�� Damage to infrastructure fabric, 
bridges, flyovers, street lighting, signs 
and service stations
�� Risk of inundation by the sea during 
high winds, especially in combination 
with high tides and sea level rise

�� Assess if currently used design 
standards can withstand more frequent 
and intense storms
�� Adapt design standards for new 
bridges, flyovers, buildings, etc. to 
expected increases of wind speeds and 
heavy rains

�� Obstruction of roads due to fallen trees, 
buildings or vehicles because of strong 
winds
�� Disruptions and consequent safety and 
socioeconomic impacts

�� Improve weather forecasting for better 
predictability of storms, leading to 
better preparation and potentially 
less damages (early warning systems, 
disaster risk management)
�� Emergency planning and evacuation 
routes omitting high-risk areas

Sources: Cochran (2009), ODPM (2004), Savonis et al., (2008), Transportation Research Board (2008), own, Wooller (undated)
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accidents and disruption of mobility services; 
and they can seriously affect evacuation in case 
of extreme weather events. The main adaptation 
measures are:
�� More resilient design standards and materi-
als for infrastructure construction;
�� Improved drainage systems;
�� Regular maintenance of all infrastructure;
�� Urban planning that avoids high risk areas;
�� Minimise the need for road infrastructure 
through compact urban planning;
�� Provide sufficient redundancy to allow for 
alternative ways of passage, when obstruction 
occurs.

Redundancy, i.e. building some spare capacity 
into the system, can greatly reduce the vulner-
ability of the transport system for if many alter-
native routes can be chosen, the influence of an 
impact on the capacity of the transport system 
remains small (Transportation Research Board, 
2008). This is particularly important in densely 
populated cities undergoing rapid growth, 
where transport systems often already operate 
at full capacity. Such systems are hardly able 
to compensate unexpected changes in demand, 
e.g. caused by rerouting traffic in case of partial 
flooding. Redundancy should be provided both 
for motorised and non-motorised modes, but 
it does not stop at infrastructure construction, 
it also includes providing the relevant public 
transport services and may require innova-
tive thinking. For instance, during the floods 
in Manila in September 2009, the elevated 
light rail and metro transit proofed to be the 
most reliable transport modes (see also Box 10). 
Redundancy is also vital for disaster risk man-
agement to ensure efficient evacuation.
Some of the above adaptation measures have 
benefits beyond increasing road infrastructure 
resilience. For instance, good drainage systems 
and natural water storage systems, such as lakes, 
can also be used for rainwater harvesting to 
improve the storage capacity and the recharge of 
ground water in urban areas, while helping with 
flood management. Such concepts hold great 
potential as water stress is expected to increase 
in many developing cities, both due to socioeco-
nomic and climatic developments, Designing 
compact cities in combination with good public 
transport services may also help to reduce trans-
port-related emissions.

However, there are also limits to adaptation. 
The combined result of the above-mentioned 
impacts may be that certain portions of the 
roadway network may need to be abandoned 
due to the unsustainable maintenance costs. 
This will particularly be true in developing 
nations, where maintenance funding deficits 
already lead to portions of the network being 
closed. Measures, such as encouraging urban 
development in more environmentally suitable 
locations or adapting settlements to reduce their 
vulnerability have long lead times and therefore 
need to be planned in good time. In cities, still 
undergoing urbanisation, avoiding high-risk 
areas is an opportunity. Most urban infrastruc-
ture, including transport, is immobile and long 
lasting, making fast shifts in existing urban 
locations very difficult and costly.

3.1.2 Rail-based public transport
The climate impacts on rail infrastructure are 
in large part similar to those on road infra-
structure; nevertheless, a few features of rail 
infrastructure are decisively different to road 
networks and deserve special attention when it 
comes to adaptation:
�� Infrastructure materials (e.g. iron);
�� Signalling equipment and electricity circuits;
�� Underground infrastructure (tunnels).

Increasing temperatures may be an even bigger 
problem with underground rail networks. In 
London, for instance, temperatures in some 
underground stations can be more than 10 °C 
above ambient temperatures above ground (see 
also Box 5).
To ensure that rail is resilient to partial system 
failure, e.g. when one or several lines are flooded, 
the electricity network for rail should be 
designed in a way that allows operating different 
lines or groups of lines independently. Otherwise 
flooding or other damage to one line may result 
in complete system shutdown and related cascad-
ing disruptions of mobility and economic costs.
Providing reliable rail infrastructure is vital to 
ensure efficient rail services, thereby helping to 
guarantee the appeal of rail systems (see Chap-
ter 3.2 for further discussion).
A summary of expected impacts on rail-based 
transport and related adaptation measures are 
presented in Table 4.
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box 5: 
Case study – The London Underground
Climate change poses two major risks for London’s 
underground network: Overheating and Flooding.

The London Underground  is  the oldest under-
ground railway in the world and a vital part of the 
city’s public  transport network.  Its ventilation 
system, based on fans and draft relief shafts, is 
already inadequate today and temperatures on 
the trains can reach 40 °C on hot summer days. 
These extremes are very likely to occur more often 
with increasing outside temperatures.

Overcrowding  of  the  Under-
ground  further  contributes  to 
thermal discomfort, especially 
on the trains. Apart from climate 
change,  improving  the  capac-
ity of the Underground through 
more frequent trains and related 
acceleration and braking also con-
tributes to yet higher temperatures 
if no counter measures are taken. 
Increasing  discomfort  on  the 
underground trains could lead to 
a decline in attractiveness of the 
London Underground and could 
cause users to switch to other transport modes, 
such as buses (increasing the pressure on an 
already very busy road transport) or even air-
conditioned cars (resulting in more fuel use and 
greenhouse gas emissions).

So, several measures have been taken to improve 
passenger transport:
�� Audit of fan and ventilation capacity and iden-

tification of additional ventilation and cooling 
needs;
�� Design of local ventilation installations;
�� Purchase of new air-cooled trains.

Further recommendations include:

�� Detailed, strategic monitoring programme of 
temperature and humidity in the in stations 
and inside trains;
�� Further research to examine the behaviour of 
passengers in response to higher temperatures 
and identify potential risks and thresholds, 
where a change in transport mode, e.g. to 
buses, may be triggered;
�� Establish costs and benefits of adaptation 

measures, such as air conditioning.

The London underground is also vulnerable to 
flooding. Between 1992 and 2003, over 1,200 

flooding incidents and 200 station closures were 
recorded by London Underground Limited. A 
total of 75 stations are at risk from flooding by the 
Thames and its tributaries. With intense rainfalls 
expected to increase flood risk will get worse with 
climate change.

Response measures include flood mapping and 
physical barriers at high-risk stations. Further 
measures to reduce flood risk will need to be 
implemented and could include source control, 
e.g. through green roofs or permeable pavements, 
flood storage and improved drainage.

Source: Greater London Authority (2005 and 2008)

Photo by Carlosfelipe Pardo, London
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Table 2: summary of key climate change impacts and adaptation responses for rail infrastructure

Relevant climate 
impacts

Impact on rail Possible adaptation measures

Increased 
temperature 
and more heat 
waves

�� Buckling of rails and rail track movement because 
of thermal expansion leads to slowing down or 
disruption of transport

�� Adapted maintenance procedures, such as rail 
stressing in the USa)

�� New design standards may be needed for rails to 
withstand higher temperatures (this will have to be 
communicated to/undertaken by the national level)
�� Management procedures to impose differentiated 
speed limits
�� Improve systems to warn and update dispatch 
centres, crews, and stations. Inspect and repair 
tracks, track sensors, and signals.
�� Distribute advisories, warnings, and updates 
regarding the weather situation and track 
conditions.

�� Increased temperatures in underground networks 
(and trains)

�� Better (and flexible) cooling systems or air 
conditioning for underground networks, vehicles 
(trains) and metro stations
�� Temperature monitoring for underground 
infrastructures
�� Hot weather contingency plans
�� Design standard for power supply to meet 
anticipated demand within the life of the system 
(especially higher demands due to increased air 
conditioning needs in trains)

�� In cold regions higher temperatures may lead to 
less disruptions due to snow or ice, frozen rails, 
frozen signalling equipment, etc.

More frequent 
droughts 
(and less soil 
moisture)

�� Dry soils in combination with more intense rains 
will lead to more landslides and subsidence

�� Assess the likeliness of impacts on rail 
infrastructure (risk mapping)
�� Monitoring of high risk tracks and regular 
maintenance
�� Avoid new rail lines in high-risk areas

Sea level rise 
and coastal 
erosion

�� Risk of inundation of rail infrastructure and flooding 
of underground tunnels in coastal cities

�� Create vulnerability maps to identify areas most at 
risk
�� Restrict developments in high-risk areas
�� Integrate transport planning with coastal zone 
management
�� Enhance protective measures, such as sea 
walls, protection of coastal wetlands (as buffers), 
pumping of underground systems
�� Managed retreat, possibly including abandoning of 
certain transport infrastructure in the mid to long 
term

figure 11
Public transport in Buenos Aires, Argentina.
Photo by Carlosfelipe Pardo, 2008, GTZ
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Relevant climate 
impacts

Impact on rail Possible adaptation measures

More extreme 
rainfall events 
and flooding

�� Flooding can affect all modes of transport. The 
risks are greater in flood plains, low-lying coastal 
areas and where urban drains are overloaded.
�� Increases in flooding of rail lines and underground 
tunnels
�� Railbed damages and decrease of structural 
integrity due to erosion, landslides and increasing 
soil moistures levels

�� Improve or build drainage infrastructure to be able 
to deal with more intense rainfall events, increasing 
capacity of drainage infrastructure to deal with 
increased run-off
�� Audit drains regularly
�� Create flood maps to identify most vulnerable 
areas, where infrastructure needs to be protected/
improved/avoided in the future and assess 
alternative routes – for rail systems bypassing 
flooded areas will be more difficult than for roads 
and disturb operation
�� Make flood-risk assessments a requirement for all 
new developments
�� Restrict developments in high-risk areas
�� Improve flood plain management/coastal 
management and protective infrastructure

�� Underground systems/tunnels may be flooded, 
especially where drainage is inadequate

�� Passenger evacuation plans for underground 
systems
�� Enhanced pumping
�� Create vulnerability maps to identify areas of high 
flood risk
�� Restrict developments in high-risk areas

�� Stability of earthworks can be affected by intense 
precipitation due to build up of pore water 
pressures in the soil, especially after periods of hot 
and dry weather
�� Subgrade material underneath rails may be 
degraded more rapidly, loosing strength and 
bearing capacity

�� Enhance condition monitoring of earthworks, 
bridges, etc. especially after heavy rains, flooding 
(or storms)
�� Improved maintenance

�� Failure of track circuits with subsequent 
disruptions due to inability to detect the presence 
or absence of trains on rails and inability to send 
related signals

�� Increased weathering of infrastructures �� Use more durable material, such as more corrosion 
resistant material

More intensive 
and frequent 
storms

�� Damage to stations/infrastructure fabric, bridges, 
flyovers, electrified tracks with overhead cables, 
train platforms, street lighting and signs

�� Assess if currently used design standards can 
withstand more frequent and intense storms
�� Adapt design standards for bridges, flyovers, 
stations, etc. to expected increases of wind speeds 
and heavy rains

�� Risk of inundation by the sea during high winds, 
especially in combination with high tides and sea 
level rise

�� Improve weather forecasting for better 
predictability of storms, leading to better 
preparation and potentially less damages (early 
warning systems, disaster risk management)

�� Obstruction of roads or rails due to fallen trees, 
buildings or vehicles due to strong winds
�� Leaf fall may be concentrated, decreasing rail 
security/adhesion
�� Increased occurrence of lightning strikes to rail 
signalling or electronic systems
�� Lightning strikes disrupting electronic signalling 
systems e.g. axle counters electromagnetic 
compatibility of railways

�� Wind fences for open rail infrastructure
�� For overhead lines: circuit breaker protection
�� Adapt design standard for signalling equipment
�� Emergency planning

Sources: Cochran (2009), Eddowes et al., (2003), ODPM (2004), Savonis et al., (2008), Transportation Research Board (2008), own, Wooller (undated), Woolston (undated)

a)  Rail stressing means that continuous welded rail is stressed (either through compression or through extension) into a state where fracturing 
(due to rail shrinking in cold) or buckling (due to rail extension in heat) of rails due to extreme temperatures can be avoided.
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3.1.3 Waterways
Urban waterways provide important transport 
infrastructure for freight transport, but also 
for public and private transport in some cities. 
Their importance and characteristics are very 
case-specific. In general, waterways are mainly 
affected by either a lack of water availability 

Table 3: summary of key climate change impacts and adaptation responses for urban waterways

Relevant climate impacts Impact on waterways Possible adaptation measures

Increased temperature 
and more heat waves

�� Increased aquatic vegetation 
growth could lead to clogging

�� Intensify maintenance of relevant 
waterways

More frequent droughts 
(and less soil moisture)

�� Decreased water availability in 
waterways could restrict their 
use and lead to more use of road 
networks

�� Assess the likeliness of 
constraints on urban waterway 
usage and plan for alternatives
�� Changes to navigation
�� Assess the viability of flow 
augmentation

Sea level rise and 
coastal erosion

�� Port facilities and coastal 
waterways could become 
unusable

�� Enhance flood defences such as 
sea walls, protection of coastal 
wetlands (as buffers)
�� Managed retreat, possibly 
including abandoning of certain 
infrastructure in the mid to long 
term; integration with coastal 
zone management

More extreme rainfall 
events and flooding

�� Reduced clearance under 
waterway bridges
�� Reduced navigability of rivers 
and channels

�� Plan for usage of alternative 
transport modes
�� Incorporate higher levels of 
flooding into future bridge 
design

�� Increase in silt deposits �� Increased dredging of silt

More intensive and 
frequent storms

�� Storm damage on waterways �� Increase structural monitoring 
and maintenance

�� Obstruction of rivers and 
channels due to floating debris

�� Contingency planning

Sources: Cochran (2009), Savonis et al., (2008), own

or by flooding. The potential impacts and 
adaptation measures are summarised in Table 
2. Where impacts are severe, certain water-
ways may have to be abandoned entirely or the 
construction of new waterways may become 
necessary.

3.2 Public transport
Public transport encompasses different means 
of transport: busses, mini-buses, vans, metro 
and trams, taxis, as well as rickshaws or three 
wheelers. In most developing cities, much of 
the public transport is concentrated on (mini) 
busses, as well as multiple forms of paratran-
sit, using road infrastructure. Nevertheless, 
rail-based transport is currently developed in 
many rapidly growing mega-cities in Asia (e.g. 
Beijing, Bangkok, New Delhi). To ensure the 
sustainability of rail-based transit, its vulner-
ability to climate impacts should be considered 
in the planning phase. Importantly, planning 
for public transport must also be closely inte-
grated with planning for road infrastructure 

(adaptation) to design an efficient and resilient 
system.
Public transport and informal paratransit needs 
to be resilient, because
1) it is the only motorised mobility option for 

large parts of developing city populations, 
and

2) to remain attractive also for those who could 
afford private motorised mobility to avoid 
modal shift towards more emission-intensive 
transport, which would further exacerbate 
climate change.

Since the impacts on transport infrastruc-
ture have already been presented, this chapter 
focuses on vehicles and related mobility behav-
iour (drivers and customers).
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Vehicles will essentially have to be designed to 
withstand higher temperatures: On the one 
hand, rising temperatures will increase heat 
stress for passengers and drivers of busses and 
trains without cooling or air-condition, on the 
other hand the functionality of engines and the 
equipment of railway vehicles may suffer from 
extreme temperatures.
Furthermore, the impact of high temperatures 
on public transport without cooling could 
further reduce the quality and attractiveness 
of public transport systems and hence, in the 
long run, might support a modal shift towards 
air-conditioned private cars for those who can 
afford them. In this case, adaptation to increas-
ing temperature goes hand in hand with build-
ing sustainable transport systems suitable for 
developing cities and providing an alternative to 
further motorisation.

The SUTP Sourcebook Module 3a and 3b on 
Mass Transit as well as the SUTP BRT Planning 
Guide give further information: Free download 
at http://www.sutp.org

To the extent air-conditioning systems become 
more utilised in public transport systems, the 
higher ambient temperatures will require more 
costly and more energy intensive systems.
More frequent events of difficult driving condi-
tions due to adverse weather can increase acci-
dents and delays, resulting in economic costs 

for transport operators and businesses. Here 
training public transport drivers and separate 
bus lanes could help to lessen these effects. 
Rather than excluding informal paratransit 
operators, they should also be actively involved 
in any adaptation activities. Paratransit plays an 
important role in many developing cities both 
as door-to-door service and as feeder to formal 
public transport networks, providing mobility 
services to areas not connected to formal public 
transport. Ensuring their resilience to climate 
change is an important feature of guaranteeing 
a well-functioning urban (transport) system.
Importantly, public transport plays a key role 
in disaster risk management and evacuation 
planning. As mentioned above, due to limited 
access to private mobility of the urban poor, 
evacuation plans for weather hazards (storms 
and floods) should provide sufficient (and free) 
public transport services for evacuation. This 
includes designating and training drivers for 
extreme situations. Also for less severe extreme 
weather, which does not require evacuation, 
public transport operators should have con-
tingency plans in place. This may include hot 
weather contingency planning for underground 
rail-networks or emergency routing for bus serv-
ices during flood events.
Table 3 gives an overview of relevant climate 
impacts on public transport vehicles and 
operations.

figure 12
BRT service in 
Changzhou, China.
Photo by Jie Chen, 2003, GTZ

http://www.sutp.org
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Table 4: summary of key climate change impacts and adaptation responses for vehicles and operations

Relevant climate 
impacts

Impact on vehicles or driving conditions Possible adaptation measures

Increased 
temperature and 
more heat waves

�� Increased temperatures in busses and trains 
possibly leading to passenger and driver 
discomfort and heat exhaustion
�� Driver discomfort and exhaustion can lead to 
heightened accident levels
�� May lead to shifts from public to air-conditioned 
private transport if resources allow or to air-
conditioned taxis
�� Use of more costly and more energy-intensive air 
conditioning systems

�� Sufficiently large opening windows
�� Tinted windows to shade off the sun
�� White painted roofs
�� Improved thermal insulation and cooling systems
�� Air conditioning, ideally using systems without 
F-gases (if available and affordable)
�� Driver training
�� For overhead buses: design standard for power 
supply to meet anticipated demand within the life 
of the system (especially higher demands due to 
increased air conditioning) and withstand higher 
wind speeds
�� For underground rail: develop hot weather 
contingency plans
�� Include new design standards in public 
procurement requirements of the public transport 
fleet

�� Wearing off or melting of tires
�� Overheating of equipment, such as diesel engines

�� New design standards may be needed to 
withstand higher temperatures (this will have to be 
communicated to/undertaken by the national level)

More extreme 
rainfall events and 
flooding

�� More events of difficult driving conditions 
with implications for safety, performance and 
operation, e.g. speed restrictions causing delays
�� Flooding of the public transport fleet, causing 
economic damages

�� Manage speed limits in bad weather conditions, 
e.g. reduce the running speed of trains
�� Drivers of public transport vehicles should 
be appropriately trained for extreme weather 
conditions, such as heavy rains, hail and wind
�� Planning for emergency routes
�� Early warning systems to evacuate high-risk areas
�� Flood insurance

More intensive 
and frequent 
storms

�� More events of difficult driving conditions or 
impossibility to drive, as well as derailments or 
collisions leading to disruptions and consequent 
safety and socioeconomic impacts
�� Overturning of vehicles or trains

�� Driver training
�� Speed restrictions
�� Improve weather forecasting for better 
predictability of storms, leading to better 
preparation and potentially less damages (early 
warning systems, disaster risk management)
�� Emergency planning and identification of 
evacuation routes omitting high-risk areas

Sources: ODPM (2004), Transportation Research Board (2008), own, Wooller (undated), Woolston (undated)

3.3 Private transport
Impacts on the infrastructure for walking and 
cycling and motorised private transport have 
already been discussed in Chapter 3.1 under 
road infrastructure: they include flooding, 
destruction of foundations and subsidence, 
deformation through extreme heat and storm 
damages. Unpaved foot or bike paths and roads 
are at risk of being washed away in intense 
floods. In this chapter the focus is therefore on 
mobility behaviour and vehicles.

3.3.1 Non-motorised transport
Increasing events of adverse weather conditions 
like heavy rains, strong winds and extreme 

temperatures may lead to less walking and 
cycling trips, at least beyond a certain trip 
length. This can either lead to a shift to motor-
ised transport modes, where those are available 
and affordable or it can severely impede the 
overall mobility of urban residents, who rely 
on walking and cycling. For short trips on the 
other hand, the impacts of extreme weather can 
be expected to be rather low. This underlines 
the importance of sustainable and dense urban 
design for resilient mobility. Dense urban design, 
at the same time, benefits the development of 
sustainable transport, reducing travel demand 
and related transport emissions, in turn reducing 
the climate impact and improving air quality.
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In cold regions, warming temperatures may 
actually make walking and cycling more attrac-
tive, but in warm regions, extreme heat can 
make non-motorised travel very burdensome. 
Here, green and blue spaces can offer relief: 
trees planted alongside walkways and bicycle 
lanes provide shade and cooling, at the same 
time improving the micro-climate, increasing 
attractiveness and even acting as a minor carbon 
sink. Lakes and rivers also have a cooling effect 
on the urban microclimate.
Measures improving the quality and safety of 
non-motorised transport, such as shaded dedi-
cated bike lanes and walkways will become even 
more important to maintain the attractiveness 
and comfort of non-motorised transport, when 
adverse weather conditions occur more often. 
Preserving (or improving) the attractiveness 
of non-motorised transport is vital in order to 
avoid a modal shift towards more emission 
intensive motorised transport, which would 
further worsen climate change (see Section 3 for 
further discussion).

Please refer to the GTZ Sourcebook Module 
2a: Land Use Planning and Urban Transport 
(GTZ, 2004).

Changes in temperature are already forcing 
cities to provide infrastructure for shading. The 
following image from Hangzhou (China) is typ-
ical of the shaded cycle way shadings that have 
been installed at intersections in China.

figure 14a, b
Demolishing an 
urban highway 

in Seoul created 
urban greenspace 

and valuable 
redevelopement 

opportunities.
Images by Seoul Development Institute

figure 13
Cycle way shadings in 

Hangzhou, China.
Photo by Karl Fjellstrom, ITDP

3.3.2 Motorised private transport
Similarly to non-motorised transport, behav-
ioural responses can be expected during adverse 
weather conditions. Empirical studies point 
to slower traffic speeds during rainfall events, 
leading to delays and disruptions. Accidents 
also become more likely under adverse weather 
conditions, although accident severity appears 
to decrease during precipitation, likely due to 
lower traffic speed. Consequently, precipitation 
leads to an increase in travel time with the most 
severe impacts on already congested routes and 
during peak hours (see Koetse and Rietveld, 
2009 for an overview of different studies). This 
is particularly relevant for many large cities 
already suffering from traffic congestion.
The behavioural response depends on the sever-
ity of the precipitation, the road infrastructure 
and probably also the cultural context or the 
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degree to which drivers are used to adverse 
weather conditions. For instance, unexpected 
snowfall in Beijing, China in November 2001 
lead to massive transport congestion, because 
road users were a) not prepared for snow, b) not 
used to driving under snow conditions and c) 
vehicles were not equipped with winter tires. 
Changing climatic conditions can lead to more 
unexpected or (for a particular region) unusual 
adverse weather events, increasing the numbers 
of days with heavy congestion and accidents 4).
In terms of vehicles, increasing temperatures 
are very likely to increase the demand for air-
conditioning in cars and other vehicles and may 
require adaptations in engine design or tires to 
cope with higher temperatures.
As for non-motorised transport, land-use plan-
ning favouring short-distances can reduce travel 
demand and hence the exposure to adverse cli-
mate conditions.

3.4 Costs and benefits of adaptation
Calculating the costs of adaptation is a diffi-
cult issue. Often, the “additional” costs caused 
by the need to adapt to climate change are 
estimated. For infrastructure investments, this 
means that the incremental cost of adaptation 
should be identified, i.e. the additional amount 
that would be needed to ensure that already 
occurring investments in new infrastructure 
or improvements of existing infrastructure 
will result in infrastructure that is resilient to 
expected future climatic conditions. Different 
studies estimate the incremental cost for climate 
proofing investments in infrastructure, which 
are sensitive to climate change, at between 5 % 
and 20 % of the new investment (UNFCCC, 
2007; Stern, 2007; World Bank, 2006). How-
ever, these estimates lack a robust empirical 
grounding and must hence be considered 
uncertain. Moreover, they are likely to be case-
specific and vary more widely.
In reality, adaptation is so closely entwined 
with development that often it is not possible 
to clearly identify, which part of a new invest-
ment or activity is “additional” adaptation and 
which is development. For example, building 

 4) This is not to say that the snowfall in Beijing in 2001 was 
caused by climate change.

an all-weather road to avoid dirt roads being 
washed away after intense rains is a develop-
ment need as much as it is adaptation, as intense 
rains are expected to increase. In countries, 
where investments in infrastructure are itself 
lacking, what really needs to be considered is 
the cost of providing infrastructure, which is 
resilient to climate change (Satterthwaite and 
Dodman, 2009). Transport infrastructure is but 
one aspect of the costs of adaptation. Develop-
ing the institutional capacity to plan and imple-
ment adaptation in the transport sector does 
not come for free. It means that personnel have 
to be trained and additional personnel with a 
mandate to deal with climate change have to be 
resourced in local governments.
Despite high costs of adaptation measures, its 
benefits often outweigh its costs, as several stud-
ies have found (see for instance Stern, 2007; 
ADB, 2005). This is due to avoided damages, 
i.e. costs that would occur in the absence of any 
adaptation measures. Avoided damages include 
costs of damaged infrastructure, but also indirect 
social and economic costs due to transport serv-
ice disruptions (in passenger and freight trans-
port), injuries and casualties of residents, etc.
Usually, the incremental cost of upgrading new, 
i.e. not-existing, infrastructure is less than for 
upgrading existing infrastructure, making the 
integration of adaptation planning into the 
early stages of transport planning only the more 
important. An analysis of climate change risk 
reduction measures in the Cook Islands and 
the Federated States of Micronesia, for instance, 
showed that it is possible to avoid most of the 
infrastructure damage costs attributable to cli-
mate change cost-effectively if climate proofing 
is undertaken at the design stage (ADB, 2005). 
An illustrative example of the cost-effectiveness 
of pro-active as well as reactive adaptation meas-
ures in transport is given in Box 6.

“The costs of adaptation are intimately 
linked to the efforts on mitigation.”

Note that planning for adaptation will always 
be subjected to uncertainty, as climate projec-
tions at the local scale are often associated with 
rather high uncertainties or lacking altogether. 
This is a challenge for decision-makers when 
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identifying adaptation needs and options, as 
well as when justifying their associated costs. 
Meeting this challenge calls for robust decision-
making, i.e. identifying adaptation measures 
that work under different degrees of climate 
change scenarios (see the next chapter) and 
identifying no- or low-regret measures, which 
provide net benefits regardless of climate change. 
As the worst impacts may well be those, we do 
not yet know about, a precautionary approach 
is required, including minimising transport-
related emissions.
The costs of adaptation are intimately linked 
to the efforts on mitigation. The more climate 
change can be avoided, the lower the costs for 
adaptation will be. In other words, climate 
proofing urban transport must include both 
mitigation and adaptation, to keep the costs of 
adaptation as low as possible.

box 6:  
Case study – Climate proofing road 
development in kosrae, federated 
states of Micronesia
In Kosrae a 16-kilometre gap was planned 
to be closed in the road around the island to 
promote all-weather land access to the remote 
village of Walung, the only community without 
reliable links to other municipalities in the island. 
The drainage works for the original road design 
(both existing and planned) were based on 
a maximum hourly rainfall of 178 millimetres 
(mm) with a return period of 25 years. However, 
analysis of new data indicated that an hourly 
rainfall with a 25-year return period was 190 
mm already. By 2050 the amount is expected 
to grow to 254 mm.

The state government of Kosrae accepted rec-
ommendations to modify the road design to 
accommodate an hourly rainfall of 254 mm. For 
the new section, the incremental, i.e. additional 
cost was $511,000 for 6.6 km ($77,000 per km). 
Although the capital cost of the climate-proofed 
road would obviously be higher, the accumu-
lated costs including repairs and maintenance 
would be lower already after about 15 years due 
to avoided damages; resulting in an internal 
rate of return of 11 %.

In comparison, retroactive climate proofing of 
a 3.2 km section of existing road and drainage 
cost $776,184 ($243,000 per km). Although more 
than three times as expensive as climate proof-
ing proactively, a cost-benefit analysis showed 
that the measures would still be cost-effective, 
resulting in an internal rate of return of 13 %.

The Kosrae case provides a good example for 
the economic feasibility of adaptation meas-
ures, even without taking indirect damages of 
transport infrastructure disruptions into account. 
Of course, costs and benefits still need to be 
assessed on an individual basis and funding 
options for the additional capital cost need to 
be identified (see also Box 11).

figure 15
Storm damages by 
hurricane Katrina.
Photo by PhotoDisc
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4. Taking action on adaptation

First of all, information and awareness rais-
ing about the need to start adaptation today 
are important components to improve the 
capacity and the acceptance of both decision-
makers and society to adapt. As adaptation of 
urban passenger transport cannot be limited to 
simple technical fixes, but also requires behav-
ioural changes of transport users and a shift in 

thinking in planning approaches, adaptation 
must be understood as a social learning proc-
ess. Convincing municipal government officials 
across departments of the local relevance of 
adaptation is a prerequisite for a successful 
adaptation strategy (this is illustrated in the 
case study on Durban, South Africa, in Box 7). 
In many cases this will require training key 
personnel and identifying so-called “adapta-
tion champions” who will push the adaptation 
agenda within their departments.

box 7: Case study – integrating 
climate change at the municipal level 
in Durban
The largest port and city on the east coast of Africa, 
Durban has a population of 3.5 million and spans a 
total municipal area of 2,300 km2. It was one of the 
few African cities that developed a local Agenda 21 
and established an Environmental Management 
Department  in 1994. Between 2000 and 2006, 
Durban participated in the International Council 
for Local Environmental Initiatives’ (ICLEI) Cities 
for Climate Protection campaign (CCP)a). During 
this time, a greenhouse gas emission inventory 
by sector was developed for the municipality, trig-
gering regular greenhouse gas emission reporting 
even after 2006 and other follow-up activities.

However, despite participation  in the Cities for 
Climate Protection campaign and other related 
activities, municipal government officials were 
not given the opportunity to gain a good under-
standing of the underlying climate change science 
and  its  local  relevance. Amongst other  things, 
because technical work was outsourced to exter-
nal consultants, little institutional momentum and 
knowledge was built.

So in order to understand the relevance of climate 
change for Durban,  in 2004, the Environmental 
Management Department started developing a 
Municipal Climate Protection Programme (MCPP). 
The aim was to inform local officials of the impli-
cations of climate change for Durban. The MCPP 
has three phases. After review and assessment 
of the expected climate impacts at the local level 
(Phase 1), a Headline Climate Change Adaptation 
strategy was developed to highlight how key sec-
tors in the municipality, such as infrastructure or 
human health, should start responding to climate 
change (Phase 2). For the transport sector it was 
found that it might be necessary to revise road 
design standards and avoid routes  in areas of 
high flood risk.

Crucially, climate change was also incorporated 
into long-term city planning by developing an Urban 
Integrated Assessment Framework (Phase 3). This 
included developing a model to simulate, assess 
and compare strategic urban development plans 
in the context of climate change. To support this 
pioneering work, collaboration with the UK’s Tyn-
dall Centre for Climate Change Research was 
established to build the model.

Based on the model, the effectiveness of different 
approaches to both adaptation and mitigation can 
be tested and inform the city’s long-term integrated 
development plan. The  integrated assessment 
framework also includes a vulnerability assess-
ment of key sectors such as coastal infrastructure, 
water, disaster management and biodiversity. A 
review of past and present events of extreme 
weather and their related damages can help to 
identify who or what  infrastructures are most 
vulnerable to certain aspects of climate change. 
For example, the infrastructure damage from high 
tides and waves in March 2007, helped raise the 
attention of government officials to the kinds of 
impacts climate change will bring.

The MCPP also resulted in institutional change: a 
new branch has been created in the Environmental 
Management Department to deal specifically with 
climate change, adaptation and mitigation. This 
followed the realisation that in order to properly 
implement the activities of the MCPP, it needed 
to be adequately resourced both with human and 
financial resources.

The  experience  in  Durban  showed  that  key 
decision-makers  in city governments need to 
understand the underlying science of climate 
change and  its  implications at  the  local  level, 
before adaptation and mitigation will be integrated 
into everyday planning and investment decisions.

Source: Roberts (2009); Roberts (2008)

a) http://www.iclei.org/index.php?id=800

http://www.iclei.org/index.php?id=800
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The case of Durban shows that each depart-
ment of a city government needs to consider the 
effects of climate change within its departmen-
tal responsibilities, e.g. separately for rail, roads 
or housing, but also work together to develop 
an effective and integrated strategy, e.g. for 
the whole transport sector, striking a balance 
between providing access to mobility for all, 
increasing resilience and limiting greenhouse 
gas emissions. Subsequently, transport plan-
ners need to interact with multiple other actors, 
including spatial or city planners, construction 
or housing agencies, environment agencies and 
climate change experts, flood and disaster risk 
managers, but also transport providers, busi-
nesses and civil society.

4.1 basic approaches to adaptation
Three basic approaches to adaptation can be 
identified:
�� Retreat (or avoid);
�� Protect;
�� Accommodate.

These three approaches have been developed 
in the context of adaptation to sea level rise as 
illustrated in Figure 17, but in general they are 
applicable to all climate risks.

Protection can include both hard (e.g. sea walls) 
and soft measures (e.g. protection of mangroves 
to buffer storm surges). Protective measures 
are also not limited to sea level rise, or riverine 
flooding, but include any other means that help 
protect transport infrastructure or even mobility 
in the wider sense, such as green spaces or trees 
that provide shading, wind fences or additional 
drainage.
Whereas protection can be seen as “external” 
measures, accommodation means adapting the 
transport system or infrastructure itself. Accom-
modation also includes both hard (mostly 
infrastructure and vehicles) and soft measures 
(concerning the transport systems as a whole). 
Hard measures could be changing design stand-
ards and construction materials to withstand 
higher levels of flooding or temperature or 

figure 17: Three fundamental approaches to adaptation

figure 18: Avoiding high risk areas for new developments

Retreat
(or avoid)

Accommodate

Protect

Whereas retreating from areas at high risk of 
a climate hazard (be it sea-level rise, flooding, 
landslides or any other risk) may be a measure 
of last resort, in a planning context retreat 
translates into avoiding developments in high-
risk areas in the first place and may be the 
cheapest option (illustrated in Figure 18).

Avoid

figure 16
Flooded dwellings in South East Asia.
Photo by Karl Fjellstrom, 2004, GTZ Photo DVD



24

Sustainable Transport: A Sourcebook for Policy-makers in Developing Cities

including air conditioning in vehicles, whereas 
soft measures could encompass planning for 
emergency bus routes or even strengthening 
public transport networks to increase overall 
system resilience.

4.2 A framework for climate-proofing 
transport

Previously a stationary climate was assumed 
when planning and developing transport sys-
tems; this is no longer possible. Now, trans-
port planning and operations need to take 
current and future climatic changes into 
account. This means that new tools, such as 
regional climate scenarios, vulnerability and risk 
assessments or practitioners’ guides for climate 
proofing need to be integrated into transport 
planning. In particular, assumptions in models 
for long-term transport planning have to be 
revisited and potentially adjusted. For instance, 
old assumptions for land-use may no longer be 
viable when new areas become susceptible to 
flood risks due to climatic change.

Climate change adds to the dynamics of 
urbanisation and increases the uncertainty in 
decision-making. Here, robust decision-making 
is required that takes different scenarios into 
account, combining both climate change and 
socioeconomic scenarios. Different studies show 
that society knows enough to develop plausible 
scenarios (Dessai et al., 2009; eca, 2009) to 
take informed decisions, which can significantly 
reduce vulnerability, such as avoiding new 
developments in high-risk areas.

Designing robust transport policies or projects 
aims to create transportation systems that 
function well under a range of potential global 
warming scenarios, rather than creating the 
most efficient system for a precisely specified set 
of assumptions. For example, different ranges 
of expected sea level rise and related levels of 
flooding would be analysed to design coastal 
road networks that perform acceptably under 
different scenarios.

To create a high-quality and reliable transport 
system, decision-makers carry out a multilevel 
planning process. To promote climate-proof 
urban transport design, mitigation and adap-
tation strategies need to be integrated into 

box 8: Decision-making tools
Such a process requires decision-makers to 
use different risk assessment and planning 
tools. A rather  large portfolio of tools exists 
already. Decision-makers can choose between 
complex tools that may require certain technical 
standards and expertise or even licenses and 
simpler tools, depending on the experience, 
expertise or technical and financial resources 
available at the city  level. External expertise 
may be  required  for specialised problems, 
such as choosing the most suitable tarmac 
for increasing temperatures and precipitation 
or assessing flood risk, but it is essential that 
each department involved in adaptation plan-
ning for transport understand the science and 
implications of climate change. Only relying 
on external expertise will not be sustainable 
in the long run.

Tools and guidelines for decision-making:

�� Climate adaptation: Risk, uncertainty 
and decision-making – UKCIP Techni-
cal Report: This comprehensive report 
guides through each step of developing an 
adaptation strategy, including key questions 
to be answered for each step, a generic 
checklist for climate risk assessments and 
guides to suitable tools and techniques. 
http://www.ukcip.org.uk/images/stories/
Pub_pdfs/Risk.pdf

�� UKCIP tools: The UK Climate Impacts Pro-
gramme (UKCIP) provides a comprehen-
sive set of tools for adaptation planning on 
its website. http://www.ukcip.org.uk/index.
php?option=com_content&task=view&id=2
3&Itemid=127

�� Preparing for Climate Change – A 
Guidebook for Local, Regional and 
State Governments:  Although  with  a 
focus on the United States, a very com-
prehensive step-by-step guide to adapta-
tion planning. http://www.iclei.org/fileadmin/
user_upload/documents/Global/Progams/
CCP/0709climateGUIDEweb.pdf

�� Adaptation Learning Mechanism: http://
adaptationlearning.net/about

�� wikiADAPT: a wiki-based information portal 
on adaptation issues including background 
information, decision-making tools and 
case studies. http://wikiadapt.org/index.
php?title=Main_Page

http://www.ukcip.org.uk/images/stories/Pub_pdfs/Risk.pdf
http://www.ukcip.org.uk/images/stories/Pub_pdfs/Risk.pdf
http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=23&Itemid=127
http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=23&Itemid=127
http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=23&Itemid=127
http://www.iclei.org/fileadmin/user_upload/documents/Global/Progams/CCP/0709climateGUIDEweb.pdf
http://www.iclei.org/fileadmin/user_upload/documents/Global/Progams/CCP/0709climateGUIDEweb.pdf
http://www.iclei.org/fileadmin/user_upload/documents/Global/Progams/CCP/0709climateGUIDEweb.pdf
http://adaptationlearning.net/about
http://adaptationlearning.net/about
http://wikiadapt.org/index.php?title=Main_Page
http://wikiadapt.org/index.php?title=Main_Page
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the transport planning process (see Box 8 for 
decision-making tools).
Largely based on the approach developed by 
the UK Climate Impacts Programme (UKCIP) 
the following main steps can be recognized for 
developing an integrated adaptation strategy for 
urban transport development.
Figure 19 illustrates the process steps of develop-
ing an adaptation strategy for urban transport 
and how they integrate into the main steps of 
transport planning and decision-making. These 
steps can be equally applied to:
�� Individual investments and maintenance 
decisions (e.g. new roads and public transport 
facilities);
�� Mobility concepts in urban areas (e.g. public 
transport routings, accessibility schemes for 
selected urban areas);
�� Comprehensive transport master plans (with 
medium to long-term investment and policy 
implications);
�� As well as ex-post climate proofing of exist-
ing transport networks and infrastructures.

Step 1: Identify potential climate impacts

At the beginning of each transport planning 
process, the status quo of the transport system 
is evaluated to identify existing problems. 
Transport data, as well as social and economic 
development scenarios are collected to identify 
transport development needs. Since the trans-
port development should also take potential 
sensitivity to climate change into consideration, 
now there is also a need to gather information 
on potential climate impacts and vulnerabilities 
(see Box 9 for information sources). This should 
also cover affected user groups and communi-
ties with a strong focus on groups with poten-
tially limited choices such as women, children, 
elderly and disabled. On this basis, objectives 
for the further development of urban transport 
are formulated (Step 2).

7. Monitor goal
achievement

1. Identify
climate
impacts

2. De�ne
objectives and

indicators

3. Assess
climate

vulnerability

4. Identify
adaptation

options

5. Prioritise
adaptation

options

6. Implement
adaptation
measures

Transport Plan/Project
Implementation

Transport Data
Collection

Transport
Planning

Involve a
large group of
experts

figure 19
A framework for 
developing an 
adaptation strategy 
for urban transport 
development.
Graphic by Urda Eichhorst, 
Daniel Bongardt
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Step 2:   Define objectives and indicators for 
climate proof transport systems

In parallel to the definition of transport system 
objectives, adaptation objectives can be identi-
fied. For instance, climate change may affect the 
planned road, existing infrastructure or attrac-
tiveness of public transport, but the transport 
system should be resilient to climate change, e.g. 
by performing well under more extreme tem-
peratures or increased rainfall.

Based on the identified objectives, operational 
criteria or indicators need to be defined, against 
which different transport development and 
adaptation options can be assessed. This could 
be limiting flood-related disruptions of trans-
port in a specific area to once a year or keeping 
flood-related damages below a certain economic 
threshold, etc.

Step 3:   Assess vulnerability and risk of 
transport-related interventions

After developing a draft plan for a transport 
related intervention, the vulnerability of the 
plan should be assessed against the risks of the 
expected climate impacts under different cli-
mate change scenarios, e.g. different degrees of 
sea-level rise, using the data gathered in Step 1 
(see checklist on risk assessment in the annex):
�� How do expected risks affect existing or 
planned transport system elements or those 
who depend on them?
�� Who would be most affected by those 
impacts?

At this stage the implications of the draft plan 
(and its alternatives) for greenhouse gas emis-
sions should be reflected as well.
To exploit synergies and build on existing institu-
tional/ procedural structures as far as possible, cli-
mate risk assessment could be integrated into or 
conducted in parallel to strategic environmental 
assessments (SEAs) for plans or environmental 
impact assessments (EIAs) for climate proof-
ing projects. This may also improve the cost-
effectiveness of climate proofing (ADB, 2005). 
An EIA is conducted after a project has already 
been chosen for implementation, so at a rather 
late stage, whereas climate proofing should ide-
ally be integrated early in the planning process to 
inform decisions; more similar to SEAs.

See the checklist in the annex of this module 
that provide guidance for the assessment of 
vulnerability and risk.

Step 4:  Identify adaptation options

Based on the risk assessment of the transport plan, 
different adaptation options can be identified:
�� What are suitable adaptation options (see 
Section 2 for a comprehensive list of adapta-
tion options)?

box 9: information sources for 
climate impacts and vulnerability 
assessment
�� Reports from national environmental agen-
cies or UNDP often provide easily under-
standable reports on climate impacts at 
the national level.
�� GTZ practitioner’s manual:  focus on 

how to gather and interpret relevant cli-
mate information with a view to develop-
ment practitioners (both governmental and 
non-governmental). http://www2.gtz.de/
dokumente/bib/gtz2009-0175en-climate-
change-information.pdf
�� The WB Climate Change Portal is intended 

to provide quick and readily accessible 
climate and climate-related data to policy 
makers and development practitioners 
(because of large amounts of data a fast 
internet connection is recommended). http://
sdwebx.worldbank.org/climateportal/home.
cfm?page=globlemap&undpcc=ar
�� UNFCCC (2008) Compendium on meth-
ods and tools to evaluate impacts of and 
vulnerability and adaptation  to climate 
change (no transport sector-specific tool 
section).
�� SERVIR is a regional visualisation and moni-

toring system for Mesoamerica and Africa 
that integrates satellite and other geospa-
tial data for improved scientific knowledge 
and decision-making. http://www.servir.net

The Climate Change Explorer provides users 
with an analytical  foundation to explore the 
climate variables relevant to their particular 
adaptation decisions. It is a desktop client that 
provides an interface for downloading, manag-
ing and visualising scaled down model outputs. 
You will need to apply for a separate password 
to download a version of this tool. http://www.
wikiadapt.org/filestore/wikiADAPT/Climate_
Change_Explorer_an_introduction_v1.pdf

http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
http://www2.gtz.de/dokumente/bib/gtz2009-0175en-climate-change-information.pdf
http://sdwebx.worldbank.org/climateportal/home.cfm?page=globlemap&undpcc=ar
http://sdwebx.worldbank.org/climateportal/home.cfm?page=globlemap&undpcc=ar
http://sdwebx.worldbank.org/climateportal/home.cfm?page=globlemap&undpcc=ar
http://www.servir.net
http://www.wikiadapt.org/filestore/wikiADAPT/Climate_Change_Explorer_an_introduction_v1.pdf
http://www.wikiadapt.org/filestore/wikiADAPT/Climate_Change_Explorer_an_introduction_v1.pdf
http://www.wikiadapt.org/filestore/wikiADAPT/Climate_Change_Explorer_an_introduction_v1.pdf
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�� Do they meet the decision-making criteria 
(Step 2)?
�� Do they take local circumstances into 
account (Step 1)?
�� Are the right partners involved in the 
assessment?

At the outset, a wide range of potential options 
should be considered, not to overlook viable 
options. To be able to do so a large group of 
experts should be involved. Especially where 
information of future impacts is uncertain, 
measures that contain low or no regret options 
should be identified.

See the checklists in the annex of this module 
that provide guidance for:

a)  Who should be involved?
b)  What are the options for adaptation of road 

infrastructure?
c)  What are the options for adaptation of rail 

infrastructure?
d)  What are the options for adaptation of water-

ways infrastructure?
e)  What are the options for adaptation of vehi-

cles (focus public transit)?

The checklists are based on the more detailed 
Tables 1-4 in Section 3.

Step 5:   Prioritise transport development 
alternatives and adaptation options

There is a need to prioritise the adaptation 
options in order to use limited resources most 
effectively: Based on the vulnerability and risk 
assessment in Step 3, the long list of adaptation 
options of the draft development plan and its 
alternatives (Step 4) can be appraised. At the 
same time, the assessment can also take other 
implications of each option into account, such 
as the resulting CO2 emissions and pollution of 
different development and adaptation options 
and other public objectives, such as cost effec-
tiveness or equal access to mobility.
The choice of a certain transport solution over 
another can itself be an adaptation option, e.g. 
the development of Bus Rapid Transit instead 
of Underground Rapid Transit may reduce vul-
nerability against flooding, depending on local 
circumstances.
Prioritisation of transport development and 
adaptation options should be a multi-stake-
holder process. For the prioritised adaptation 

options, key actors to successfully implement 
the adaptation actions need to be identified.

Step 6:   Implement transport development 
and adaptation measures

The implementation of adaptation measures 
becomes an integral part of the transport 
project implementation itself. For instance by 
including adaptation requirements in public 
tenders, e.g. purchasing buses with tinted win-
dows or air conditioning, or building new roads 
according to climate-proof design standards.

Step 7:   Monitor and evaluate progress and 
climate impacts

Monitoring and evaluation are important not 
only to assess the success of the transportation 
system and the corresponding adaptation meas-
ures, but also to revisit risk assessments (Step 
3) as new information becomes available or as 
monitoring results point to new problems (Step 
1). Thus, integration of adaptation in plans and 
projects results in an iterative process.

4.3 supportive policy context for 
effective adaptation

The previous chapter outlined the systematic 
approach towards identifying the adaptation 
needs and options for urban transport devel-
opments. This chapter highlights policies and 
measures that can support decision-makers and 
planners in integrating adaptation into trans-
port projects and plans.
In many cases, adaptation of the transport 
system to climate change may in fact begin 
with tackling existing vulnerabilities and infra-
structure deficiencies. The city of Jakarta is 
flooded 2–3 times per monsoon season, requir-
ing annual maintenance of road infrastructure, 
and subsidence is already a problem in many 
Indian cities. All these impacts will potentially 
get worse with climate change and could reach 
a critical threshold beyond which system per-
formance can no longer be guaranteed if no 
adaptation measures are taken.
Monitoring and gathering data on intense 
weather events and their consequences for the 
transport system (both now and in the past) can 
improve our understanding of the implications 
of climate change for transport, including their 
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direct and indirect costs. This knowledge can 
then strengthen the basis for taking decisions 
on adaptation. Data should be systematically 
assessed, entered into a database and ideally be 
exchanged between cities to enhance mutual 
learning.
For adapting transport infrastructure an over-
arching strategy is needed, which basically con-
sists of four elements:
1. Careful spatial planning that avoids high-

risk areas, includes green and blue spaces to 
counter heat island effects and creates rela-
tively dense urban areas to avoid unnecessary 
transport demand. Nevertheless providing 
redundancy to cope with unexpected stres-
sors, while integrating and connecting poor 
neighbourhoods. Spatial planning should 
be combined with risk mapping, as well as 
with regulatory policies, such as zoning, and 
safety requirements for road-side billboards 
and trees to avoid the risks of uprooted trees 
or billboards on the roads during floods or 
storms.

2. Improving design standards of transport infra-
structure to be resilient under changing cli-
matic conditions, including the improvement 
of urban drainage and building codes. This 
will require an assessment of the suitability 
of current design standards under different 
climate change scenarios. Here, external 
expertise may be required. Design standards 
should be regularly audited and revised as 
required. Updated design standards can be 
integrated into procurement processes for infra-
structure developments, giving conditional 
clearance to projects to ensure that climate 
resilient features have been incorporated.

3. Insurance for transport infrastructure to 
divert (at least part of) the risk of climate 
impacts from city governments. Insurance 
premiums may be subject to regular main-
tenance of existing infrastructure and could 
thus function as incentive to ensure proper 
maintenance.

4. Adaptation auditing of the urban transport 
network to first of all identify vulnerabilities 
and later on monitor progress and suitability 
of adaptation measures, as well as identify-
ing new adaptation needs. Cities should also 
carry out regular road safety audits for all 

hierarchies of roads, as well as safety audits of 
other transport related infrastructure, such as 
bridges and drainage systems.

For adapting vehicles, new design standards or 
configurations need to take hotter temperatures 
into account. Here transport authorities will 
have to cooperate with transport service pro-
viders and vehicle manufacturers. New design 
standards can be integrated into vehicle pro-
curement requirements, alongside requirements 
for more efficient vehicles to reduce transport 
emissions.
To prepare for more frequent extreme weather 
events, disaster risk management and contin-
gency planning, including early warning sys-
tems, needs to become a vital component of 
transport planning. City governments should 
be mandated to develop disaster risk manage-
ment plans, while transport providers need to 
be closely integrated into evacuation planning 
to ensure the provision of public services in the 
case of crisis. This includes identifying critical 
nodes of transport systems, e.g. for accessibility 
of vital facilities, such as hospitals and evacua-
tion routes, including ensuring safe pedestrian 
access to such facilities (this can be done using 
network models, see for instance some of the 
contributions in Murray and Grubesic (2007); 
but also designated drivers for evacuation, who 
are well trained and committed to operate the 
emergency services.

box 10: stranded commuters turn to 
elevated rails
When in September 2009, Metro Manila’s major 
thoroughfares were rendered impassable to 
vehicular traffic by flash floods, the Light Rail 
Transit (LRT) and the Metro Rail Transit (MRT) 
provided an alternative for commuters trying 
to get home. LRT Authority administrators 
were pride that their maintenance personnel 
were able to keep LRT Lines 1 and 2 running 
efficiently and without disruption. The main 
problem encountered was the unavoidable 
congestion at the LRT stations in the flooded 
areas. As a form of relief assistance to thou-
sands of commuters, passengers were charged 
a reduced fare. In order to accommodate the 
surge of passengers the number of trains was 
increased from 9 to 16.

Source: The Philippine Star, 2009, September 28
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All this will not be possible without support 
both from city and national governments in 
developing countries and from the international 
community. Box 11 shows where to get support 
for and how to channel resources to adaptation.
One of the big challenges of urban adaptation 
planning is to also plan for the “unplanned”; 
that is to also consider adaptation needs in 
informal settlements or of informal parat-
ransit. Over 800 million urban dwellers live 
in informal or illegal settlements in low- and 
middle-income nations, often without much 
infrastructure at all. The needs of over 800 mil-
lion people cannot simply be ignored if resilient 

urban centres are to be created. This underlines 
the intimate link between development and 
adaptation, highlighting once more the need to 
improve urban transport systems as a whole.
Due to the existing deficiencies on the one 
hand and the long life-span of investments in 
the transport system, as well as its immobil-
ity, adaptation should already be considered in 
transport planning today to create sustainable 
urban systems. To exploit the full potential of 
sustainable transport planning, synergies with 
low-carbon transport development should also 
be considered.

box 11: where to get support
At the international level, under the United Nations Framework 
Convention on Climate Change (UNFCCC), the Nairobi Work 
Programme aims at information exchange on and development 
of methods and tools for risk assessment, climate modelling and 
adaptation planning, as well as the exchange of experiences 
with adaptationa). It has been very successful and provides lots 
of useful information.

One means to find support for adaptation projects 
are  international multi- and bilateral  funds for 
adaptation. Four funds with a focus on adapta-
tion were set up under the Global Environmental 
Facility  (GEF) and  the Kyoto Protocol  to  the 
UNFCCC, respectively (illustrated in Figure 20):

�� The Least Developed Country Fund (LDCF);
�� The Special Climate Change Fund (SCCF);
�� The Strategic Priority on Adaptation (SPA);
�� The Adaptation Fund (AF).

So far, however, resources within these funds 
have been woefully inadequate to meet adapta-
tion needs. Considerably scaling up funding for 
adaptation is one of the most pressing issues in 
the international climate negotiations. Any new 
climate agreement must include adequate and 
reliable finance to meet the adaptation needs in 
developing countries.

In addition to the above, several other funds exist outside the 
UNFCCC. A comprehensive overview of all existing climate 
change funds and related projects can be found online at http://
www.climatefundsupdate.org/listing.

Other ways to channel resources to adaptation at the city 
level include:

�� Integrating adaptation within local and national planning;
�� Working with international (development) organisations on 
adaptationb);

�� Working with  international, national or  local NGOs on 
adaptation;
�� Provision of adaptation infrastructure and services by private 
actors, such as public transport operators, or public-private 
partnerships, such as introducing road-tolls;
�� Mobilising funds for adaptation (and mitigation) through travel 
demand management measures, such as private vehicles 
taxes, congestion charges, parking fees, etc.

In order to adequately address adaptation, city (and national) 
governments will have to allocate additional resources for capacity 
building of key government personnel, adaptation planning and 
implementation (see Box 7 for the case of Durban, South Africa).

a) http://unfccc.int/adaptation/sbsta_agenda_item_adaptation/
items/3633.php

b) Development and adaptation are closely linked and often cannot 
be easily distinguished. All development activities should be climate 
proofed to avoid maladaptation. In that sense development aid can 
also be used for adaptation activities without diverting finance from 
development activities.

Illustration by GEF, 2009

figure 20: Funds addressing adaption
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5. synergies of mitigation and 
adaptation in urban passenger 
transport

Adaptation to climate change in the transport 
sector has to be seen in the framework of climate 
proof urban design, where climate proof means 
both resilient and as low-carbon as possible. 
Transport cannot be viewed in isolation if ben-
efits should be maximised and negative effects 
of adaptation strategies be avoided. This also 
means that sustainable transport not only needs 
to be resilient, but also try to minimise transport-
related emissions. Only if both aspects are tackled, 
the risks of climate change can be minimised.
Transport accounts for 23 % of energy-related 
CO2 emissions globally (IEA, 2008) and is 
one of the few sectors in which emissions are 
actually growing. Reducing travel demand is 
therefore at the heart of climate proof transport 
development. Avoiding emissions is always ben-
eficial for adaptation, because fewer emissions 
translate into lower climate change and there-
fore less need to adapt.

How to reduce emissions from urban trans-
port  is discussed  in more detail  in  the GTZ 
Sourcebook Module 5e: Transport and Climate 
Change (GTZ, 2007a).

Efforts in reducing transport emissions focus on 
the “Avoid-Shift-Improve Approach”:
1. Avoiding or reducing the distances trav-

elled through careful land-use planning aims 
to maintain mobility while reducing the kilo-
metres travelled. This notion of mobility is 
defined by the possibility to achieve different 
human activities such as business, work, pur-
chase, leisure and other social and cultural 
activities. Integrated and dense structures 
of housing, working and shopping facilities 
and places for leisure allow people to prac-
tice their activities without long transport 
distances. A transit-oriented development 
further increases the density along highly effi-
cient public transport.

How to tackle land-use is discussed in more 
detail in the GTZ Sourcebook Module 2a: Land-
use Planning and Urban Transport, available at 
http://www.sutp.org.

2. Modal shift aims at satisfying the remaining 
transport needs with the most environmen-
tally friendly transport modes. The differ-
ent transport modes —walking, cycling, 
busses, trains, ships and cars— have different 
environmental impacts. The non-motorised 
modes have the lowest impact on the environ-
ment, followed by bus and train, while cars 
have the highest impact. Therefore, modal 
shift aims at strengthening (or maintaining) 
non-motorised and public transport. Here 
Transport Demand Management (TDM) 
measures, such as congestion charging, park-
ing limitations and fees, play an important 
role to incentives shifts to more sustainable 
transport options.

How to implement TDM is discussed in detail in 
the GTZ training document Transport Demand 
Management. Modal shift for NMT is discussed 
in the GTZ Sourcebook Module 3d: Preserv-
ing and Expanding the Role of Non-motorised 
Transport. Both are available at http://www.
sutp.org.

3. Improve vehicle technologies and fuels: The 
third strategic pillar is the improvement of 
transport efficiency. This includes measures 
concerning vehicle technology as well as the 
carbon content of fuels.

How to tackle land-use is discussed in more 
detail in the GTZ Sourcebook Module 4a: Clean 
Fuels and Vehicle Technologies, available at 
http://www.sutp.org.

Synergies between adaptation and mitiga-
tion are located especially within the first two 
pillars, transport avoidance and modal shift. 
Although vehicle technology could combine 
efficiency and resilience improvements, here 
trade-offs are most likely, in particular concern-
ing air-conditioning requirements that lead to 
increased transport emissions.
The future risks of climate events will likely 
encourage more implementation of “Smart 
Growth” measures, which reduce the need 
for the number of trips and the length of 
trips. These measures include Transit-Oriented 
Development (TOD), urban densification, and 
mixed-use development. Likewise, trip replace-
ment strategies will also be a greater priority. 

http://www.sutp.org.
http://www.sutp.org.
http://www.sutp.org.
http://www.sutp.org.
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These measures include improved Information 
Communications Technologies (ICT), such 
as internet connectivity, which allow infor-
mational and economic activity to take place 
without the need for extensive travel. Reducing 
transport demand through intelligent city plan-
ning and the provision of a well functioning 
public transport system and transport demand 
management also means less exposure of infra-
structure and travellers to climate impacts.
To avoid increasing heat island effects, dense 
city planning needs to be balanced through 
the use of green spaces and rivers and lakes, 
providing cooling and infiltration, improv-
ing the urban climate and air quality, as well 
as overall quality of living. These green and 
blue spaces also offer the possibility for relaxing 
and leisure in the city; thereby indirect effects 
on transport demand by city dwellers escap-
ing from uncomfortable and hot city centres 
through travelling to remote leisure places may 
be minimised.
Modal Shift towards (or preserving existing 
shares of) public and non-motorised transport 
can both profit from adaptation measures and 
help adapting to climate change. Greening of 
roads, for example, helps adapting to warmer 
temperatures by creating a cooling effect. In 
combination with the provision of bike lanes 
and walkways, it can also make non-motorised 
transport more attractive.
Providing a reliable and comfortable public 
transport system can minimise shifts to pri-
vate motorised transport as soon as it becomes 
affordable. At the same time, public transport 
needs less space and built infrastructure than 
motorised individual transport, which reduces 
adaptation costs for roads.
Especially Bus Rapid Transit (BRT) systems 
proved to be efficient and inexpensive public 

transport systems; with the performance of 
modern rail-based transit systems but at a frac-
tion of the cost. With regard to adaptation, BRT 
is potentially more flexible than tram or metro 
systems due to the use of more redundant road 
infrastructure.

Please refer to the GTZ BRT Planning Guide 
(GTZ, 2007b).

A further important synergy between a high 
modal share of public transport and adaptation 
concerns disaster evacuation, which becomes 
increasingly important with climate change. In 
particular in developing cities, where access 
to private mobility remains limited, a well-
performing and dense public transport network 
can ensure efficient evacuation for the whole 
population.
To maintain the attractiveness of public trans-
port under changing climatic conditions and 
preserve the existing modal share, adaptation 
is indispensable. Here, some trade-offs are 
unavoidable, such as an increasing demand 
for air-conditioned vehicles, offsetting some 
of the emission reductions of more efficient 
vehicles. Nevertheless, private cars would also 
create additional emissions due to air condition-
ing. To mitigate the effects of air-conditioning, 
CO2-based systems should be preferred to 
HFC-based systems as far or as soon as they are 
available 5). Still, when new public vehicles are 
purchased; improvements regarding vehicle effi-
ciency and resilience can be tackled at once.

 5) HFC-based systems emit F-gases (ozone-depleting 
substances), which have a much higher global warm-
ing potential than CO2. Overall about 5 % of transport 
greenhouse gas emissions are related to F-gases. These 
gases are mainly emitted due to vehicle air conditioning.

figure 21
Congestion in 
Bangkok, Thailand.
Photo by Thirayoot Limanond, 
2006, GTZ Photo DVD
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Table 5: synergies between adaptation and mitigation

Strategic 
approach

Main opportunity for 
synergies

Mitigation Adaptation

Avoid/Reduce �� Sound land-use planning 
for compact and transit 
oriented cities with 
sufficient green spaces
�� Combined with climate-
proofed design standards 
for infrastructure

�� Short distances reduce 
land conversion, travel 
demand and related 
emissions
�� Reliable and high-
quality public transport, 
walking and cycling 
infrastructure maintains 
low-carbon modes

�� Parks and green roads 
provide cooling
�� Short distances reduce 
the total infrastructure 
requiring adaptation
�� Short distances favour 
walking & cycling
�� Resilient infrastructure

Shift/Maintain �� High quality public 
transport (in combination 
with transport demand 
management measures)
�� Combined with climate-
proofed design standards 
for vehicles and 
contingency planning
�� High quality pedestrian 
and bicycle infrastructure
�� Transportation Demand 
Management (TDM) 
measures that provide the 
disincentives to private 
motorised vehicle use

�� High-quality public 
transport attracts more 
customers and reduces 
car trips
�� Less road space is 
needed
�� Less CO2 emissions 
per passenger 
kilometre

�� High-quality public 
transport (e.g. include 
air-conditioning) is 
necessary to maintain 
mobility of those 
without access to a car
�� Reliable public 
transport is vital for 
disaster management/
evacuation

Improve �� Procurement of efficient 
and resilient vehicles
�� Vehicle standards

�� Energy efficient 
vehicles reduce the 
carbon emissions per 
kilometre

�� Resilient vehicles are 
necessary to maintain 
mode share (reliable 
and comfortable public 
transit)
�� As far as possible, air 
conditioning should 
not be based on 
HFC but CO2 (lower 
warming potential)
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Concluding remarks

Currently, information about the local effects 
of climate change remains limited. Neverthe-
less, general trends can already be identified and 
improved information can be expected in the 
future as efforts to downscale climate models 
continue. In the end, each city has to identify 
the specific risks related to its area. Local knowl-
edge will help to make better projections and risk 
assessments by learning from current impacts.
In many developing cities, the impacts of 
extreme weather events on urban transport 
systems can already be severe as experienced 
in the recent flooding of Manila in September 
2009. This illustrates the importance of develop-
ing more resilient sustainable urban transport 
systems, especially as impacts are expected to 
get worse. To be truly sustainable, the transport 
system must work for all, also including the 
urban poor and the disabled. This will require 
addressing current deficiencies.
Adaptation of urban transport in developing 
cities must hence be seen in the larger context 
of addressing transport needs as a whole, if 
vulnerabilities of the urban system are to be 
minimised. Further work is needed on clearly 
defining realistic steps towards achieving a 

climate-proof, pro-poor and affordable urban 
transportation system in developing cities. For 
instance, more specific design standards that are 
suitable for developing countries are needed.
At the moment, only few case studies exist on 
adaptation in the transport sector and related 
costs, as the focus in urban transport remains 
on mitigation of greenhouse gas emissions. 
Development of good-practice case studies for 
adaptation in urban transport and exchange 
of existing experiences with planning for and 
management of extreme weather events in 
developing cities should be encouraged. More 
efforts are also needed in integrating disaster 
risk management more closely into transport 
planning for a warmer world.
The decision-making tools and check lists of 
this module are a first step towards realising the 
integration of adaptation into transport projects 
and planning procedures. As a new area of 
action much further work is needed, especially 
in monitoring weather impacts on transport and 
developing tools that are particularly designed 
to, plan and manage the integration of adapta-
tion and mitigation in urban transport. In the 
end, adaptation of urban transport in develop-
ing cities requires a process of social learning, to 
which this paper can hopefully contribute.

figure 22
Natural cooling: 
Cycling under trees 
at a carfree day in 
Jakarta, Indonesia.
Photo by Judiza Radjni Zahir, 2008, 
GTZ
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Annex
Checklists for Chapter 4.2
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ANNEX: Checklists for Section 4.2

Checklist 1: Assess climate risk and vulnerability (Step 3)

This checklist is a simplified and adapted version of the key questions identified for risk assessment in the UKCIP 
Technical report on Climate adaptation: Risk, uncertainty and decision-making (Willows and Connell, 2003).

1.	 What	is	the	lifetime	of	your	decision	(e.g.	road	construction)?	

ÄÄ This will inform the choice of climate scenarios to be used in future analysis, and how they are 
interpreted.

2.	 What	tools	should	be	used	to	analyse	climate	change	risks	in	decision-making?	Do	these	reflect	the	
scale	of	the	problem,	its	complexity	and	data	availability?	

3.	 Could	other	tools	be	adopted	which	would	allow	more	explicit	consideration	of	climate	change	
risk,	including	estimates	of	probability,	analyses	of	uncertainties	and	the	significance	of	key	
assumptions?	

4.	 What	are	the	most	important	climate	hazards	in	your	geographic	region	and	city	area	-	today	and	
in	the	future?	And	which	climate	variables	are	likely	to	have	an	impact	on	the	transport	develop-
ment	plan/project?	

ÄÄ Does information on past variability in climate or past extremes of weather indicate potential vul-
nerability to climate change? 

5.	 How	might	future	changes	in	these	climate	variables	affect	your	decision	(e.g.	road	construction)	
and	ability	to	meet	your	decision	criteria?	

ÄÄ Different climate change scenarios should be compared, e.g. different degrees of sea level rise

ÄÄ Are certain climate variables likely to be of greater significance than others? 

ÄÄ Comparison with cities, which already experience expected climate conditions may also be help-
ful to identify potential risks

6.	 Can	the	level	of	uncertainty	regarding	forecasts	of	particular	climatic	hazards,	or	their	associated	
impacts	be	determined?	

7.	 What	other	(non-climate)	factors	could	also	be	relevant	in	relation	to	meeting	your	criteria?	

These questions could be answered by filling in a table like the one presented below:

Climate 
impacts

Level of 
uncertainty 
of climate 
impacts

Impact on transport 
intervention

Which parts of 
the city would 

be most 
affected?

Which user 
groups would 

be most 
affected?

How does this 
affect my oper-
ational criteria 
or indicators?

Other factors 
that could 

affect criteria 
or indicators?

❍ likely

❍ unlikely

❍ likely

❍ unlikely

Based on this first overview try to answer the following question:

8.	 What	are	the	most	important	consequences?	Which	are	the	key	climate	hazards?	How	are	the	con-
sequences	dependent	on	the	level	of	climate	change?	

Risk assessments, including estimates of probability, will be contingent on the particular scenario or scenarios 
upon which they are based.
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Checklist 2: Involve different groups of actors in adaptation planning (Step 4)

Public authorities
in charge of providing resilient infrastructure, vehicle requirements/design standards

a. Transport planners ❍ Yes ❍ No ❍ n/a
b. Urban planners ❍ Yes ❍ No ❍ n/a
c. Construction and housing department ❍ Yes ❍ No ❍ n/a
d. Environment agencies ❍ Yes ❍ No ❍ n/a
e. Disaster or flood risk managers ❍ Yes ❍ No ❍ n/a
f. Public procurement authorities ❍ Yes ❍ No ❍ n/a
g. Other: ❍ Yes ❍ No ❍ n/a

Business representatives

h. Transport service providers (providing suitable systems 
and vehicles for public transport) ❍ Yes ❍ No ❍ n/a

i. Car manufactures (vehicle configurations or accessories, 
such as air conditioning) ❍ Yes ❍ No ❍ n/a

Users and consumers (Cyclists or pedestrians, Public transport users, Car Drivers)

j. Women ❍ Yes ❍ No ❍ n/a
k. Disabled ❍ Yes ❍ No ❍ n/a
l. Elderly people ❍ Yes ❍ No ❍ n/a

m. Children ❍ Yes ❍ No ❍ n/a
n. Others ❍ Yes ❍ No ❍ n/a
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CHECKLIST 3: Adaptation measures for road infrastructure, bike lanes, walkways (Step 4)
(based on Chapter 3.1.1., Table 1)

1 Increased temperature and more heat waves

Impacts:

Deformations of roads, melting of asphalt/dark surfaces, asphalt rutting and bridge 
degradation

Y = YES     N = NO     n/a = not applicable

Planting roadside vegetation to decrease the exposure of roads to heat
Y

N

n/a

Sources and Explanations:

Reduce overall exposure and provide cooling through green and blue infrastructure, 
such as parks and lakes, but also road-side trees or other shading

Y

N

n/a

Sources and Explanations:

Proper design/construction, overlay with more rut-resistant asphalt or more use of 
concrete

Y

N

n/a

Sources and Explanations:

Revise design standards to withstand higher temperatures
Y

N

n/a

Sources and Explanations:

Increased maintenance, milling out ruts
Y

N

n/a

Sources and Explanations:
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2 More frequent droughts (and less soil moisture)

Impacts:

More landslides and subsidence, road degradation and safety hazards

Y = YES     N = NO     n/a = not applicable

Assess the likeliness of impacts on road infrastructure (risk mapping)
Y

N

n/a

Sources and Explanations:

Avoid new developments in high-risk areas
Y

N

n/a

Sources and Explanations:

Monitor soil conditions of existing roads
Y

N

n/a

Sources and Explanations:

Increase cleaning and maintenance of roadways
Y

N

n/a

Sources and Explanations:
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3 Sea level rise and coastal erosion

Impacts:

Risk of inundation of road infrastructure and flooding and degradation of the roadway surface

Y = YES     N = NO     n/a = not applicable

Create vulnerability maps to identify areas most at risk
Y

N

n/a

Sources and Explanations:

Restrict developments in high-risk areas, e.g. along the shoreline; zoning
Y

N

n/a

Sources and Explanations:

Enhance protective measures, such as sea walls, protection of coastal wetlands (as 
buffers)

Y

N

n/a

Sources and Explanations:

Managed retreat, possibly including abandoning of certain transport infrastructure in 
the mid to long term

Y

N

n/a

Sources and Explanations:

Build more redundancy into the system
Y

N

n/a

Sources and Explanations:
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Design and material changes towards more corrosion-resilient materials
Y

N

n/a

Sources and Explanations:

Improved drainage, pumping of underpasses and elevated roads
Y

N

n/a

Sources and Explanations:

4 More extreme rainfall events and flooding

Impacts:

Flooding of roadways and subterranean tunnels, road damages and decrease of structural 
integrity, undermining and washing off of bridges, washed away roads, degradation of sub-
grade material, increased weathering of infrastructures

Y = YES     N = NO     n/a = not applicable

Improve drainage infrastructure to be able to deal with more intense rainfall events, 
increasing capacity of drainage infrastructure to deal with increased run-off, include 
tunnels under large roads to facilitate speedy drainage

Y

N

n/a

Sources and Explanations:

Audit drains regularly
Y

N

n/a

Sources and Explanations:

Enhanced pumping
Y

N

n/a

Sources and Explanations:
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Create flood maps to identify most vulnerable areas, where infrastructure needs to be 
protected/improved/avoided in the future and assess alternative routes

Y

N

n/a

Sources and Explanations:

Make flood-risk assessments a requirement for all new developments
Y

N

n/a

Sources and Explanations:

Improve flood plain management/coastal management and protective infrastructure, 
improve inner-city green spaces and flood protection

Y

N

n/a

Sources and Explanations:

Early warning systems and evacuation planning for intense rainfall events and floods
Y

N

n/a

Sources and Explanations:

Enhance foundations
Y

N

n/a

Sources and Explanations:

Build all-weather roads
Y

N

n/a

Sources and Explanations:
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Enhance condition monitoring of subgrade material especially after heavy rains, 
flooding

Y

N

n/a

Sources and Explanations:

Use more durable material, such as more corrosion resistant material
Y

N

n/a

Sources and Explanations:

Regular maintenance of roads and flood protection
Y

N

n/a

Sources and Explanations:
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5 More intensive and frequent storms

Impacts:

Damage to infrastructure fabric, bridges, flyovers, street lighting and signs, as well to vehicles, 
risk of inundation by the sea

Y = YES     N = NO     n/a = not applicable

Assess if currently used design standards can withstand more frequent and intense 
storms

Y

N

n/a

Sources and Explanations:

Adapt design standards for new bridges, flyovers, buildings etc to expected increases of 
wind speeds and heavy rains

Y

N

n/a

Sources and Explanations:

Improve weather forecasting for better predictability of storms, leading to better prepa-
ration and potentially less damages

Y

N

n/a

Sources and Explanations:

Emergency planning and evacuation routes omitting high-risk areas
Y

N

n/a

Sources and Explanations:
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CHECKLIST 4: Adaptation Measures for Rail-based (Public) Transport (Step 4)
(based on Chapter 3.1.2., Table 2)

1 Increased temperature and more heat waves

Impacts:

Buckling of rails and rail tracks, increased temperatures in underground networks (and trains)

Y = YES     N = NO     n/a = not applicable

Adapted maintenance procedures, such as rail stressing in the USA
Y

N

n/a

Sources and Explanations:

Inspect and repair tracks, track sensors, and signals
Y

N

n/a

Sources and Explanations:

New design standards/other material use to withstand higher temperatures
Y

N

n/a

Sources and Explanations:

Improve systems to warn and update dispatch centres, crews, and stations
Y

N

n/a

Sources and Explanations:

Distribute advisories, warnings, and updates regarding the weather situation and track 
conditions

Y

N

n/a

Sources and Explanations:
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Management procedures to impose differentiated speed limits
Y

N

n/a

Sources and Explanations:

Better (and flexible) cooling systems or air conditioning for underground networks, 
vehicles (trains) and metro stations

Y

N

n/a

Sources and Explanations:

Temperature monitoring for underground infrastructures
Y

N

n/a

Sources and Explanations:

Hot weather contingency plans
Y

N

n/a

Sources and Explanations:

Design standard for power supply to meet anticipated demand within the life of the 
system (especially higher demands due to increased air conditioning needs in trains)

Y

N

n/a

Sources and Explanations:
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2 More frequent droughts (and less soil moisture)

Impacts:

More land slides and subsidence

Y = YES     N = NO     n/a = not applicable

Assess the likeliness of impacts on rail infrastructure (risk mapping)
Y

N

n/a

Sources and Explanations:

Monitoring of high risk tracks and regular maintenance
Y

N

n/a

Sources and Explanations:

Avoid new rail lines in high-risk areas
Y

N

n/a

Sources and Explanations:
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3 Sea level rise and coastal erosion

Impacts:

Risk of inundation of rail infrastructure and flooding and flooding of underground tunnels

Y = YES     N = NO     n/a = not applicable

Create vulnerability maps to identify areas most at risk
Y

N

n/a

Sources and Explanations:

Restrict developments in high-risk areas
Y

N

n/a

Sources and Explanations:

Integrate transport planning with coastal zone management
Y

N

n/a

Sources and Explanations:

Enhance protective measures, such as sea walls, protection of coastal wetlands (as buff-
ers), pumping of underground systems

Y

N

n/a

Sources and Explanations:

Managed retreat, possibly including abandoning of certain transport infrastructure in 
the mid to long term

Y

N

n/a

Sources and Explanations:
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4 More extreme rainfall events and flooding

Impacts:

Increases in flooding of rail lines and underground tunnels, railbed damages and decrease of 
structural integrity, flooding of underground tunnels, instability of earthworks, degradation of 
subgrade material, failure of track circuits with subsequent disruptions, increased weathering 
of infrastructures

Y = YES     N = NO     n/a = not applicable

Improve or build drainage infrastructure to be able to deal with more intense rainfall 
events, increasing capacity of drainage infrastructure to deal with increased run-off

Y

N

n/a

Sources and Explanations:

Audit drains regularly
Y

N

n/a

Sources and Explanations:

Create flood maps to identify most vulnerable areas at high risk of flooding, where 
infrastructure needs to be protected / improved / avoided in the future and assess alter-
native routes

Y

N

n/a

Sources and Explanations:

Make flood-risk assessments a requirement for all new developments
Y

N

n/a

Sources and Explanations:

Restrict developments in high-risk areas
Y

N

n/a

Sources and Explanations:
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Improve flood plain management/coastal management and protective infrastructure
Y

N

n/a

Sources and Explanations:

Passenger evacuation plans for underground systems
Y

N

n/a

Sources and Explanations:

Enhanced pumping
Y

N

n/a

Sources and Explanations:

Enhance condition monitoring of earthworks, bridges etc especially after heavy rains, 
flooding (or storms)

Y

N

n/a

Sources and Explanations:

Improved maintenance
Y

N

n/a

Sources and Explanations:

Use more durable material, such as more corrosion resistant material
Y

N

n/a

Sources and Explanations:
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5 More intensive and frequent storms

Impacts:

Damage to stations/infrastructure, risk of inundation by the sea, obstruction of roads or rails, 
decreasing rail security/adhesion, increased occurrence of lightning strikes to rail signaling, 
lightning strikes disrupting electronic signalling

Y = YES     N = NO     n/a = not applicable

Assess if currently used design standards can withstand more frequent and intense 
storms

Y

N

n/a

Sources and Explanations:

Adapt design standards for bridges, flyovers, stations etc to expected increases of wind 
speeds and heavy rains

Y

N

n/a

Sources and Explanations:

Improve weather forecasting for better predictability of storms, leading to better prepa-
ration and potentially less damages (early warning systems, disaster risk management)

Y

N

n/a

Sources and Explanations:

Wind fences for open rail infrastructure
Y

N

n/a

Sources and Explanations:

For overhead lines: circuit breaker protection
Y

N

n/a

Sources and Explanations:
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Adapt design standard for signalling equipment
Y

N

n/a

Sources and Explanations:

Emergency planning
Y

N

n/a

Sources and Explanations:
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CHECKLIST 5: Adaptation Measures for Waterways (Step 4)
(based on Chapter 3.1.3, Table 3)

1 Increased temperature and more heat waves

Impacts:

Increased aquatic vegetation growth could lead to clogging

Y = YES     N = NO     n/a = not applicable

Intensify maintenance of relevant waterways
Y

N

n/a

Sources and Explanations:

2 More frequent droughts (and less soil moisture)

Impacts:

Decreased water availability in waterways could restrict their use and lead to more use of road 
networks

Y = YES     N = NO     n/a = not applicable

Assess the likeliness of constraints on urban waterway usage and plan for alternatives
Y

N

n/a

Sources and Explanations:

Changes to navigation
Y

N

n/a

Sources and Explanations:

Assess the viability of flow augmentation
Y

N

n/a

Sources and Explanations:
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3 Sea level rise and coastal erosion

Impacts:

Port facilities and coastal waterways could become unusable

Y = YES     N = NO     n/a = not applicable

Enhance flood defences such as sea walls, protection of coastal wetlands (as buffers)
Y

N

n/a

Sources and Explanations:

Managed retreat, possibly including abandoning of certain infrastructure in the mid to 
long term; integration with coastal zone management

Y

N

n/a

Sources and Explanations:

4 More extreme rainfall events and flooding

Impacts:

Reduced clearance under waterway bridges, reduced navigability of rivers and channels, 
Increase in silt deposits

Y = YES     N = NO     n/a = not applicable

Plan for usage of alternative transport modes
Y

N

n/a

Sources and Explanations:

Incorporate higher levels of flooding into future bridge design
Y

N

n/a

Sources and Explanations:

Increased dredging of silt
Y

N

n/a

Sources and Explanations:
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5 More intensive and frequent storms

Impacts:

Storm damage on waterways, obstruction of rivers and channels

Y = YES     N = NO     n/a = not applicable

Increase structural monitoring and maintenance
Y

N

n/a

Sources and Explanations:

Contingency planning
Y

N

n/a

Sources and Explanations:
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CHECKLIST 6: Adaptation Measures for Vehicles and Operations (Step 4)
(based on Chapter 3.2, Table 4)

1 Increased temperature and more heat waves

Impacts:

Passenger and driver discomfort and heat exhaustion, heightened accident levels, shifts from 
public to air-conditioned private transport, more energy-intensive air conditioning systems, 
wearing off or melting of tires, overheating of equipment

Y = YES     N = NO     n/a = not applicable

Sufficiently large opening windows in busses
Y

N

n/a

Sources and Explanations:

Tinted windows to shade off the sun
Y

N

n/a

Sources and Explanations:

White painted roofs for public transit vehicles
Y

N

n/a

Sources and Explanations:

Improved thermal insulation and cooling systems
Y

N

n/a

Sources and Explanations:

Air conditioning, ideally using systems without F-gases (if available and affordable)
Y

N

n/a

Sources and Explanations:
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For overhead buses: design standard for power supply to meet anticipated demand 
within the life of the system (especially higher demands due to increased air condition-
ing) and withstand higher wind speeds

Y

N

n/a

Sources and Explanations:

For underground rail: develop hot weather contingency plans
Y

N

n/a

Sources and Explanations:

Include new design standards in public procurement requirements of the public trans-
port fleet

Y

N

n/a

Sources and Explanations:

New design standards to withstand higher temperatures (e.g. to avoid overheating of 
equipment or melting of tires)

Y

N

n/a

Sources and Explanations:
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2 More extreme rainfall events and flooding

Impacts:

Difficult driving conditions with implications for safety, performance and operation, flooding of 
the public transport fleet

Y = YES     N = NO     n/a = not applicable

Manage speed limits in bad weather conditions, e.g. reduce the running speed of trains
Y

N

n/a

Sources and Explanations:

Drivers of public transport vehicles should be appropriately trained for extreme weather 
conditions, such as heavy rains, hail and wind

Y

N

n/a

Sources and Explanations:

Planning for emergency routes
Y

N

n/a

Sources and Explanations:

Early warning systems to evacuate high-risk areas
Y

N

n/a

Sources and Explanations:

Flood insurance
Y

N

n/a

Sources and Explanations:
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3 More intensive and frequent storms

Impacts:

Difficult driving conditions or impossibility to drive, as well as derailments or collisions leading 
to disruptions and consequent safety and socio-economic impacts, overturning of vehicles or 
trains

Y = YES     N = NO     n/a = not applicable

Driver training
Y

N

n/a

Sources and Explanations:

Speed restrictions
Y

N

n/a

Sources and Explanations:

Improve weather forecasting for better predictability of storms, leading to better prepa-
ration and potentially less damages (early warning systems, disaster risk management)

Y

N

n/a

Sources and Explanations:

Emergency planning and identification of evacuation routes omitting high-risk areas
Y

N

n/a

Sources and Explanations:
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