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The number of extreme weather events has in-
creased by more than 250% since the period be-
tween 1980 and 2013, and this upward trend is 
continuing. Among the 100 fastest growing cities 
in the world, 84 are at an extreme risk from climate 
change. This comes with a human cost: by 2050, 
over 800 million people will be vulnerable to sea-level 
rise and coastal flooding if nothing is done. Other 
risks include heatwaves, droughts, a rise in average 
temperatures, coastal erosion, storms, forest fires, 
floods, landslides, rainfall patterns, clay and soil 
movements, and thawing permafrost. 

The world is currently experiencing an unprecedent-
ed year with the COVID-19 pandemic, a situation 
that has shown just how important resilience is and 
what such resilience should look like. resilience is 
also of particular importance to the building and rBC 
sector, since climate change will have a larger impact 
on it than the COVID-19 pandemic. This is because 
climate risks will affect all aspects of a building: its 
structure, uses, accessibility, provision of services, 
and also the safety, health, and well-being of its oc-
cupants. 

GHG emissions of buildings need to be reduced. The 
sooner adequate action is taken, the lower the overall 
cost. In 2018, the IPCC stated that following a 1.5° C 
consistent pathway would require: 
• A building emissions reduction of 80–90% by 

2050 
• Entirely fossil-free new constructions, reaching 

near-zero energy by 2020
• A raise in the energy refurbishment rate of exist-

ing buildings to 5% per year in OECD countries 
• However, staying under a +1.5°C global tem-

perature increase is no longer possible, as the 
objective to reach near-zero energy in new con-
struction was not reached by 2020. At present, 
staying under 2°C is still achievable, but the 
longer the sector waits to make a transition the 
more abrupt this transition will have to be.

Independently of our success in maintaining a be-
low 2°C trajectory, the impacts of climate change 
are already felt and will continue to grow in intensity 
and frequency. The benefits of adaptation measures 
will be directly felt by the users: improved comfort, 

resistance to natural disasters and health are few 
amongst many examples. Adaptation measures for 
buildings may contribute to climate mitigation, as 
showcased by passive cooling solutions, but may 
also release GHG: the number of air conditioning 
systems has increased by 40% from 2010 and may 
reach 5.6 billion in 2050, up from 1.6 billion today 
(Climate Chance 2019). This need can be answered 
by acting on the building envelope through passive 
solutions (see GlobalABC roadmaps). 

Adaptation to climate change is recognized as a 
global issue (Paris Agreement, 2015), and climate 
change is also integrated in standard risk management 
at the international level (Sendai Framework, 2015). 
For instance, Article 7 of the Paris Agreement establishes 
that adapting to climate change is as important as 
mitigating is.
Yet most countries do not have in place explicit 
measures to improve the adaptation of buildings to 
climate change. If such policies are not established, 
adaptation will remain inaccessible to the majority 
of the global population, as increased adaptation 
expenditure in the rBC sector currently favours 
populations that are already relatively privileged, 
as poorer people will find it difficult to pay for the 
necessary adaptation investments. The informal 
sector (slum areas or substandard and unsafe hous-
ing) will be more subject to vulnerability. similarly, 
specific measures must be implemented to protect 
the most vulnerable populations in the case of a 
lack of ownership title and insurance.

introduCtion>>

http://globalabc.org/our-work/forging-regional-pathways-global-and-regional-roadmap
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internAtionAl AdAPtAtion-relAted orgAnizAtions And 
initiAtives

CLIMATE CHANGE

UNFCCC 
•	 The Paris Agreement (2015) introduces a 

Global Goal on Adaptation addressing both 
“adaptation” (art. 7) and “loss & damage” 
(art. 8), thereby recognizing adaptation as 
a global issue. Governments should regu-
larly provide Adaptation communications 
(Art 7. 100, 11) publicly accessible here 
(Art 7.12).

• The Adaptation Committee (2010) pro-
vides support and technical guidance to 
parties. 

•	 Technical Examination Process on Ad-
aptation (TEP-A) identifies concrete op-
portunities for strengthening resilience, 
reducing vulnerabilities, and increasing 
the understanding and implementation of 
adaptation actions.

• Developing countries are invited to com-
plete National Adaptation Plans (NAP).

Adaptation related multilateral funds 
•	 Adaptation Fund (AF, 2001) supports con-

crete, small-scale adaptation projects in 
favor of the most vulnerable people in de-
veloping countries.

•	 Green Climate Fund (GCF, 2010) supports 
both mitigation and adaptation projects in 
developing countries.

Initiatives
•	 Global Commission on Adaptation (2018), 

convened by 17 countries, seeks to accelerate 
adaptation action and support and is 
backed by the Global Center on Adapta-
tion (GCA), funded by the Kingdom of Neth-
erlands.

•	 Global Alliance Buildings and Construc-
tion (2015) launched at COP21 and con-
vened by 30 countries and the private 
sector, seeks to facilitate the transition to-
wards efficient and resilient zero emission 
buildings (GlobalABC). 

DISASTER REDUCTION

UNDrr
• The “Sendai framework on disaster risk 

reduction 2015-2030” under (UNDrr) 
builds a larger resilience framework that 
is, however, limited to extreme events. 
Chronic climate change-related events are 
therefore not included in the framework. 

Multilateral funds related to disaster reduction
•	 Global Facility for Disaster Reduction 

and Recovery (GFDDr) is a grant-funding 
mechanism managed by the World Bank 
that supports risk management projects 
aimed at reducing vulnerability to natural 
hazards and climate change.

Initiatives
• The InsuResilience, initiated by the G7 

and adopted by the G20, has been focusing 
on disaster risk finance and insurance 
solutions to provide insurance coverage 
against risks arising from climate change 
to a large number of additional beneficiaries. 
The InsuResilience Global Partnership for 
Climate and Disaster risk Finance and 
Insurance solutions (IGP) aims at sup-
porting indirect insurance solutions. The 
World Bank established the Global Risk 
Financing Facility (GriF) to provide tech-
nical assistance.

•	 The Coalition for Disaster Resilient Infra-
structure (CDrI, 2020) is a global partner-
ship that aims to promote the resilience 
of new and existing infrastructure systems 
to climate and disaster risks, thereby 
ensuring sustainable development. CDrI 
is championed by the Government of 
India and seeks to rally stakeholders to-
wards addressing the issue of promoting 
investments in resilient infrastructure on a 
global scale.

https://unfccc.int/topics/adaptation-and-resilience/workstreams/adaptation-communications
http://www.tep-a.org
https://unfccc.int/topics/adaptation-and-resilience/workstreams/national-adaptation-plans
http://www.adaptation-fund.org
https://www.greenclimate.fund/document/gcf-brief-adaptation-planning
http://www.gca.org
https://globalabc.org/
http://www.undrr.org
http://www.gfdrr.org
https://www.insuresilience.org/
https://www.worldbank.org/en/topic/disasterriskmanagement/brief/global-risk-financing-facility
https://cdri.world/
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Definitions1.

A statistical description of weather in terms 
of the mean and variability of relevant quan-
tities over a period ranging from months to 
thousands or millions of years. The classi-
cal period for averaging these variables is 30 
years, as defined by the World Meteorological 
Organization.

• Weather and climate change
The atmospheric conditions that comprise 
the state of the atmosphere in terms of wind, 
temperature, cloudiness, moisture, pressure, 
cloud and precipitation, etc. Weather reflects 
short-term conditions of the atmosphere 
while climate is the average of these con-
ditions over a long period. Climate change 
makes some aspects of weather forecasting 
more difficult as some patterns have never 
been experienced before. Climate change and 
weather do not always correlate: Weather vari-
ability might for instance result in colder tem-
peratures during a particular year in Northern 
regions even if the climate is warming.  

• Global warming and climate change 
Global warming” refers to the long-term and 
non-linear warming phenomenon of the planet; 
since the pre-industrial period (1850-1900) 
the average surface temperature has risen by 
over 1°C. “Climate change” encompasses global 
warming, but refers to the broader range of 
changes that are happening to our planet, 
such as sea level rises, biodiversity losses, ex-
treme weather increases, the rapid deglaciation 
of polar ice, etc. Climate change also means 
more climate instabilities and uncertainties. 

Action to limit the magnitude or rate of global 
warming by directly addressing the causes 
of climate change. This includes measures 
aimed at reducing the sources of greenhouse 
gases (GHGs) or enhancing their sinks. It is 
important here to note the delay between ac-
tion and response: even if the concentration 
of greenhouse gases in the atmosphere stabi-
lises in the few next years, the warming trend 
will not immediately level off because of cli-
mate inertia (IPCC, 2018). similarly, sea levels 
are already set to rise for several centuries. 

The process of adjustment to an actual or 
expected climate and its effects. The objec-
tive of adaptation is to anticipate, reduce, and 
avoid the impacts of climate change by making 
current systems less vulnerable and more re-
silient. Adaptation to climate change also en-
compasses the ability to seize opportunities 
raised by climate change.

• setting up an adaptation plan requires 
evaluating a combination of socioeco-
nomic and physical conditions. such a 
plan must be implemented through a con-
tinuous, systemic and local approach. Un-
like mitigation which is based on objective 
scales, adaptation depends on context, 
definition, and operationalisation.

• Mitigation and adaptation strategies may 
go in the same direction or, converse-
ly, contradict each other. For instance, 
adding cooling systems may be a part of 
adaptation strategies, but the resulting 
increase in energy consumption collides 
with mitigation strategies.

• Adaptation provides a good incentive for 
design innovation and adapted architectural 
and engineering solutions, as it has a direct 
and visible impact on building construction. 

CLIMATE CLIMATE MITIGATION

CLIMATE ADAPTATION
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An increase in vulnerability caused by the 
implementation of mis-designed adaptation 
measures: adaptation that would postpone 
the risk while in fact increasing it, implying 
an inefficient use of resources such as with 
cooling systems (increasing GHG emissions); 
transfer of risk from one actor to another; 
transfer of risk to future generations; etc.

The capacity of a system to absorb stresses 
and maintain its functioning in the face of cli-
mate change. The techniques used to adapt, 
reorganize, and evolve to an improved state 
that is more desirable and sustainable include 
societal and governance dimensions. The 
components of resilience are summarized by 
the 4rs (Bruneau et al., 2003): Robustness 
(Inherent strength, Resistance), Redundancy 
(property to allow Alternative options, substi-
tutions), Resourcefulness (Capacity to mobi-
lize needed resources), and Rapid Recovery 
(speed to overcome disruption & restore ser-
vices). 
robustness and redundancy form the “hard” 
resilience (hardening solutions). resilience 
can be evaluated at the individual building 
scale or at the overall community level. 

The possibility of being negatively impacted by 
climate change. This type of risk is assessed 
by investigating the interaction between the 
potential of climate change negative impacts 
related to the climate vulnerability of a system, 
and its exposure to a physical climate hazard 
(IPCC). Climate risks can be reduced by en-
hancing adaptive capacity and strengthening 
ecological, societal, and economic resilience.

Climate risks can be divided into two 
categories :

•	 Physical climate risks: risks that are di-
rectly linked to physical hazards that can 
affect the value of assets. They can be 
chronic (slow onset shift, such as change 
in radiative forcing, change in average 
temperature, change in rainfall patterns 
and sea-level rise) or acute (events driven 
by climate change such as the intensifica-
tion of heatwaves, storms, floods, marine 
submersion, landslides, droughts, and 
wildfires). Climate change also affects 
biodiversity (loss of marine biodiversity 
due to ocean acidification and water tem-
perature increase, loss of species due to 
changes in natural habitats), which in turn 
affects the ecosystem functions, thereby 
posing a threat to the most vulnerable 
populations. [...]

CLIMATE MALADAPTATION

CLIMATE RESILIENCE

CLIMATE RISk
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•	 Transition climate risks are related to the 
potential changes in the regulatory environ-
ment and public policies landscape affected by 
technology, and other market forces. These 
changes are made in response to climate 
change, in order to mitigate or adapt the 
rBC sector and the land use industry. They 
are implemented to decrease physical risks 
but can have a financial and reputational im-
pact.

The relative share of transition and physical 
risks will depend on the increase of tempera-
tures. If global warming is maintained below 
1.5°C by the end of the century, transition risks 
are expected to be relatively high (due to strin-
gent policies to limit GHG emissions in order to 
limit climate change), while physical risks are 
expected to be relatively low as climate change 
is limited. On the other hand, if global warming 
reaches 4°C or more, physical risks are expected 
to be high and transition risks are expected to 
be low as it would imply that political measures 
to limit GHG emissions were not implemented or 
that they were not strict enough. 

Propensity or predisposition to be adversely af-
fected by climate change and to suffer damages 
in the event of climatic variation. Vulnerability 
is a function of the sensitivity of the building to this 
hazard. 

•	 Exposure to a climate hazard: Identification 
of the impacts of climate change that will af-
fect a building as well as the people relying 
on it. It varies according to the location of a 
building and its immediate environment, as 
well as its land plot and microclimate. Expo-
sure is determined by the geographical loca-
tion of the asset, which will determine the 
likelihood of it being affected by a climate 
hazard and also the intensity of the impact 
(UNEP FI 2019). The environmental factors 
either aggravate or mitigate the risk of being 
affected, depending on the vulnerability of 
the territory.

•	 Sensitivity to a climate hazard: Degree 
to which a building could be affected by a 
considered climate hazard if subjected to 
it. sensitivity depends not only on the char-
acteristics of the building (technical crite-
ria and resilience-enhancing measures) but 
also on the resilience of essential networks, 
the crisis management abilities and the capac-
ity to cope and adapt.

•	 Coping capacity: Ability to limit the adverse 
effects of a phenomenon related to climate 
change in the short and mid-terms, with ex-
isting resources.

•	 Adapting capacity: Ability to limit the adverse 
effects of a phenomenon related to climate 
change in the mid to long-term. Figure 1: Assessment of buildings vulnerability to a climate hazard, OID

CLIMATE VULNERABILITY
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2.1 ClimAte ChAnge imPACts 
And the rBC seCtors

Climate change has caused a shift in the traditional 
way in which natural risks are addressed.

The RBC sectors refer to a definition set by the World 
Business Council for sustainable Development in 
its report “Building system Carbon framework – a 
common language for the building and construction 
value chain” (WBCsD, 2020). It includes all those 
who produce materials (material companies), who 
design and construct buildings (architects, consult-
ing engineering companies), and who own and oper-
ate them (property developers and property manag-
ers). It also includes those who finance and insure 
the assets (investors and asset managers, insurers 
and reinsurers), and regulators (national and local govern-
ments). Climate change impacts every single actor in 
the rBC sectors.

One of the main goals of the RBC sectors is to pro-
vide safe living spaces, particularly in the face of 
natural risks such as landslides, flooding, earth-
quake, and hurricanes. To ensure a certain level of 
comfort, the sector uses technical methods that en-
sure robustness in the construction in order to avoid 
the effects of certain natural hazards. These methods 
are implemented according to historic experience 
(records of past climate events and statistics of cli-
mate hazards). 
At present, structural and fire safety are the key 
components of building codes. Buildings are there-
fore largely unsuited to face extreme climate events, 
and insurance is only taken out in case of damage. 
In the case of urban codes, although rules regarding 
urban planning are intended to prevent construction 
in locations exposed to hazards, implementation is 
poorly controlled. 

“Climate change” introduces a shift : 
The current climate measures in place within the 
rBC sector are no longer sufficient, as relying on 
past climate data and knowledge no allows for the 
design of safe buildings that can face the uncertain 
climate of the future. 

Extreme events are changing in frequency and in-
tensity. Until very recently Category 5 hurricanes 
were considered more hypothetical than real. The 
increasing frequency therefore of Category 4 hurri-
canes becoming Category 5 is a clear illustration of 
the alarming rise in intensity of extreme events. 

The intensity and frequency of such events will con-
tinue to change depending on emissions scenarios. 
similarly, the impacts of chronic climate change, 
such as heatwaves sea-level rise, will amplify in the 
next century.  These changes will have a major im-
pact on buildings that are not in a suitable state to 
be exposed to such temperatures or rising water levels.

identifying the impacts of Climate 
Change on the rBC sectors and the major 
regions at risk

2.
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In the following graph, ULI offers a global approach 
of physical and transition risks for real estate. 

In the context of climate change, the rBC sectors 
will be facing more uncertainty and will have to manage 
more risks in the coming years and decades. Build-
ing norms therefore need to be adjusted in order 
to respond to these new levels of risk, and new 
management rules will need to be introduced in the 
areas exposed to higher risks, for example those 
facing permanent coastline retreat. Measures intro-
duced in new regulation could include building bans, 
land-use change, obligation to provide upgrades, etc. 

To face a rising level of stress, rBC sector private 
stakeholders could be waiting for new regulation 
and adjustment of norms that would set minimal 
common obligations only and which is a long pro-
cess. However, be more pro-active would be in their 
best interest as buildings will not withstand all di-
sasters. Waiting for action would not only postpone 

the investment but also increase the amount to re-
build. In the case of a late decision, the remaining 
question is how to be prepared to build back better 
and be more resilient in case of climate related di-
saster?

While the rBC sector has the responsibility to pro-
tect humanity from assaults from the environment, 
including chronic or acute climate events, the future 
climate conditions are not yet taken on board at all 
levels of decision-making, and particularly at regu-
latory levels.

Climate change has impacts on the whole life cycle 
of a building: designing, construction, owning and 
operating buildings, financing and insuring the as-
sets. 

Figure 2: Types of 
climate risk and their 
potential impact on 
real estate (source: 
ULI 2019)
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several players of the rBC sector must then be 
involved in the redefinition of public policies and 
norms. This report therefore concerns all the actors 
of the RBC sector: governments, local authorities, 
investors & asset managers, property developers, 
insurers & reinsurers, architects, consulting engineering 
companies, material companies, and property managers. 

2.2 mAjor regions At risk : 
ClimAte imPACts on the 
most vulnerABle regions 
And the tyPes of risks

While all regions already face risks (in particular, ur-
ban areas with heatwaves and coastal areas with 
submersion) south-East Asian, African and small is-
land countries remain the most vulnerable, as poverty 
limits the capacity to act against these risks. 

In all regions concerned the stakes for cities are 
particularly high, as they potentially concentrate 
factors of risks such as artificialized urban areas 
(aggravating impact of heatwaves and floods) or 
coastal location (exposing population to marine 
submersion).

Impacts in cities can be exacerbated by the urban 
heat island effect, increasing average temperatures 
above regional norms. These heat islands are arti-
ficial urban microclimates in which maximum day-- 
and especially night-- temperatures are higher than 
in nearby, less urbanized areas. This phenomenon is 
linked to several factors: the thermophysical prop-
erties of materials used for buildings and roads, the 
nature of the soil (mineralized soils, absence of vegetation), 
urban morphology, and the release of heat from human 
activities (engines, heating, and air conditioning systems, etc.). 

As a result, we observe an amplifying effect of the 
heat waves themselves due to climate change.

Increasing	 soil	 artificialization	 restrains	 the	 fight	
and climate change and decreases resilience to cli-
mate hazards.  Global building floor surface is ex-
pected to double by 2060 as urbanization acceler-
ates, particularly in Asia and Africa (GlobalABC Gsr 
2016). rapid and massive artificialization of soils 
destroys local biodiversity and prevents natural cy-
cles, such as water or carbon cycle, from performing 
their regulatory functions. 
On the other hand, preserving open grounds enables 
to grow vegetation that helps decrease outdoor 
temperatures. This plays a non-negligible role in the 
absorption	of	 rainwater	 in	 the	event	of	flooding	or	
intense rainfalls. 

Exposure to chronic and acute risks also depends 
on location. The figure below displays the relative 
climate impact vulnerability to cities around the 
world (Verisk Maplecraft, 2019). Cities that are nearer 
the equator are subject to extreme risks, and coastal 
cities are also more vulnerable than cities inland at 
the same latitude. 

Potential Impact of Climate Change On 
Cities by 2050

• 1.6 billion people living in more than 970 cities 
will be regulary exposed to extreme high 
tempertatures

• Over 800 million living in 570 cities will be 
vulnerable to sea-level rise and cost flooding

• 650 million, in over 500 cities, will be at risk 
of water shortages

• 2,5 billion people will be living in over 1,600 
cities where national food supplies will be 
threathened

• The power supply to 470 billion people, in 
over 230 cities, will be vulnerable to sea-level 
rise

• 215 million poor urban residents living in 
slum areas in over 490 cities will face dispro-
portionate climate risks 

    
    (UCCrN, 2018)
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Figure 3: Estimates of climate change vulnerability of large cities (source: Verisk, 2019)

Coastal cities are particularly vulnerable to climate 
change impacts such as severe storms and sea-lev-
el rise. The majority of big cities are built in coastal 
areas and are becoming increasingly more popu-
lous. The overpopulation of these cities combined 
with their closeness to the ocean make them partic-
ularly at-risk to climate change. The main impacts 
of sea-level rise and submerging cities are submer-
gence and flooding of coastal land, saltwater intru-
sion into surface waters and groundwater, increased 
erosion, and dire social and economic repercus-
sions. Beyond people and buildings, infrastructure 
will be affected: roads, railways, ports, sanitation and 
drinking water pipelines and reservoirs, and even 
mass transit systems.

Coastal cities on all continents will be affected by 
sea-level rise, some will be hit harder than others. 
Of these, Asian cities will be the most concerned, 
as every four out of five people potentially affected 
by sea-level rise will be living in East or south Asia: 
shanghai, Hong Kong, and Osaka are among the 
most potentially impacted cities, with 17.5, 8.4 and 
5.2 million people affected respectively. Africa is 
also highly threatened due to rapid urbanization in 
coastal cities and the crowding of poor populations 

in informal settlements along the coast. In Europe 
three-quarters of all cities will also be affected by 
rising sea levels, especially those in the Netherlands, 
spain and Italy. Globally, even if we collectively 
manage to keep global temperatures from rising to 
2°C, by 2050 at least 570 cities and some 800 million 
people will be exposed to rising sea levels and storm 
surges.

However, this is not just a future problem and some 
coastal cities are already being affected. Over  90 
Us coastal cities –particularly those located on 
the East and Gulf coasts-- are already experiencing 
chronic flooding, with the number expected to dou-
ble by 2030. “Delta cities” a sub-category of coast-
al cities, are already the worst affected by sea-level 
rise, and over 340 million people live in deltas cities 
like Dhaka, Guangzhou, Ho Chi Minh City, Hong 
Kong, Manila, Melbourne, Miami, New Orleans, New 
York, rotterdam, Tokyo, and Venice.

Cities At risk from ClimAte ChAnge
Estimates of the vulnerability of larges cities
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Figure 4: Projection of population in coastal cities over the world (source: Natural Earth, 2014)

Developing countries, and within them the most vul-
nerable populations, already are and will be more 
affected by climate hazards (UNIsDr 2009). For 
small island developing states, such disasters are 
an existential threat (United Nations 2015). Cities 
most at risk are located in Asia, Africa and south 
America. Therefore, among all regions that are par-
ticularly concerned, south-East Asian, African, and 
small island countries remain the most vulnerable, 
as poverty limits the capacity to act. As an exam-
ple, according to the index of climate risks produced 
by GermanWatch (2018), sri Lanka, Puerto rico and 
Dominica are the most affected.

In middle-latitude cities, such as in European and 
north and south American countries, one of the ma-
jor issues facing buildings is their non-adaptation to 
high temperatures. Due to stability of the climate in 
the past centuries, buildings were designed to deal 
with relatively low temperatures, a fact that makes 
them unsuited to facing heat. The inability of cities 
and buildings to face increased heat will result in 
significant comfort issues and, in some cases, so-
cial and sanitary problems. 

However, although improving the adaptation of cities 
to climate change is essential, it alone will not be 
sufficient to provide sustainable living conditions. 
City Climate change resilience is linked to the resil-
ience of their rural surroundings, but as increased 
climate risks in rural areas deteriorates the economy 
in these areas, the resulting increase in the migration 
towards cities may increase the latter’s vulnerability. 
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These inter-relations between mitigation, adapta-
tion, and disaster risk reduction are particularly 
strong in the rBC sectors since it is both a driver of 
climate change and one of the sectors that will suf-
fer the most from its consequences. The measures 
put in place must therefore comply with multiple cri-
teria, designed to achieve simultaneous mitigation, 
adaptation, and disaster risk reduction. 

3.1 ClimAte ChAnge 
AdAPtAtion And mitigAtion

Adaptation and Mitigation must always be consi-
dered together. Adaptation aims to manage the 
unavoidable while mitigation seeks to avoid the un-
manageable. 

Considering adaptation alone without mitigation 
would imply a climate changing faster, with more 
climate change consequences. Adaptation would 
be necessary again, to adapt to more important im-
pacts. A vicious circle, or feedback loop, would then 
be unleashed by this lack of synergies. Furthermore, 
preparing buildings for a changing climate and re-
ducing emissions from buildings and construction 
to minimize global warming often go hand in hand, 
as they mutually re-enforce each other. Therefore, 
taking mitigation opportunities into account, when 
financing adaptation measures or vice versa is the 
most effective way to operate an rBC project. 

Adaptation measures often represent an opportunity 
to add mitigation performance and inversely, as il-
lustrated below:

synergies with mitigation, Adaptation, 
and disaster risk reduction

3.

Figure 5: Adaptation & mitigation synergies (source: GIZ, 2020)
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Many features in buildings are multi-functional and 
their choice during the designing phase has multiple 
impacts. This is why building designs that take into 
account a changing climate are more complex than 
those that do not have to meet these requirements. 
The example of a building envelope is indicative: it 
ensures protection against water and wind, but also 
the transfer of vapor and heat, and is responsible 
for the control of air flow. At the same time, it has 
impacts on energy consumption, thermal comfort, 
indoor air quality, and resilience.

Here are three detailed examples of measures where 
mitigation, disaster risk reduction and adaptation 
co-benefit :

A) PAssIVE BUILDING DEsIGN 
Passive design can reduce the massive need for 
space cooling in hot climates. Facing more frequent 
and intensive heat waves that would put in danger 
vulnerable populations is a major adaptation chal-
lenge in the rBC sector. Cool buildings functioning 
without a high energy demand is required to limit 
greenhouse gas emissions while maintaining ther-
mal comfort. According to the Programme for Ener-
gy Efficiency in Buildings (PEEB), the key element 
to keep a building cool with the method of passive 
design are :

•	 Designing buildings that are adapted to the local 
climate to avoid high cooling demand: this type 
of building design takes advantage of the site’s 
surroundings. Orientation, shape, openings, and 
windows-to-wall ratio choices are determined 
to provide shade rather than expose the build-
ing to the sun. This design also focuses more 
on the performance of features related to the 
envelope and relies less on the use of mechan-
ical equipment to provide building services like 
comfort or a healthy indoor space. High thermal 
performance of the envelope includes wall and 
roof high insulation, exceeding regulatory re-
quirements, high performance glazing, sunlight 
protection from internal external shading and 
cool surface coating with high albedo and heat 
reflectance capacity. Other passive design fea-
tures, such as natural ventilation, day lighting, 
rain harvesting, are also providing services

by maximizing the benefit of natural surround-
ings. Providing an healthier environment while 
reducing the energy demand and therefore CO2 
related emissions in case of the use of cooling 
appliances is a no-regret solution, valuable in 
all climate scenario. There are multiple kinds of 
hot climates that vary according to rainfall, hu-
midity, and extreme meteorological events. The 
designs for energy efficient buildings differs for 
each of these climates.

•	 Reducing	 cooling	 demand	 through	 efficient	
systems and appliances:  the remaining energy 
needs for cooling, lighting and household devices 
must be met by means of the most energy-effi-
cient systems and equipment.

•	 Replacing carbon-intensive energy supply with 
renewable energy: where mechanical cooling 
and ventilation are still necessary, the required 
energy should be covered through renewable 
energy, district cooling systems, solar pow-
ered cold chains, or similar climate-friendly ap-
proaches.

In this way, buildings contribute to climate change 
mitigation as well as, especially in hot climates. 
Moreover, building services are less sensitive to the 
availability of infrastructure networks, and therefore 
are more resilient to disaster.

BIOCLIMATIC DESIGN

The research project “Africa-Europe Bioclimatic 
Collaboration for the 21st Century “ (see ABC21), 
founded by the European Commission and 
launched in 2020, aims at securing the validity of 
bioclimatic design approaches in the context of 
climate change.

https://cordis.europa.eu/project/id/894712/fr
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B) GrEEN FEATUrEs: rEVEGETATION
revegetation refers to the voluntary process of re-
planting and reconstructing ground surfaces in areas 
that have been disturbed by human activity. This in-
cludes the installation of planted roof gardens. re-
vegetation is a powerful asset in the fight against 
climate change and can be implemented on multiple 
levels.

At urban level, revegetation operates through two 
processes: evapotranspiration and shading. Evapo-
transpiration is a part of photosynthesis and refers 
to the process by which plants lose water through 
evaporation and perspiration. The water that is lost 
is subsequently captured by the soil and leaves. 
When the water transforms into vapor it has a cool-
ing effect on the surrounding environment due to the 
energy consumed in the process. shading refers to 
the plant’s interception of a portion of the solar rays 
descending on a given area. shading the ground 
and the surfaces of buildings contributes to cooling 
down the urban microclimate, including surrounding 
buildings.

Another	benefit	from	revegetation	is	the	capacity	it	
has	to	reduce	flash	flood	impacts	 in case of heavy 
rains, thanks to the ground absorption of water. At 
the same time, the soil and other layers on the roof 
provide a thermal insulation and inertia contributing 
to the indoor thermal comfort. Better access to 
the roof also means better access to a higher floor, 
something that is potentially useful in the event of 
flash flooding as roofs can be safe areas during 
such events. Finally, vegetation is also valued for its 
secondary benefits: maintaining biodiversity, or the 
improvement of an area’s aesthetic appearance, for 
example.

At buildings level, the extensive revegetation of 
roofs (of individual and collective buildings as well 
as sheds) is of interest because it can reduce the de-
mand for air conditioning, especially if buildings are 
poorly insulated. Although their cooling potential is 
rather limited (less than 0.5°C on the air temperature 
at street level), the decrease in demand for air condi-
tioning would result in the decrease of heat emitted 
by air conditioner units, thereby limiting heating at 
street level.  While the energy performance of green 
roofs has been demonstrated at any time of the year, 
energy savings can increase by 12% in the summer 
if the green roofs are watered.  

In terms of greening the city at ground level, below 
are a few key elements of the cooling potential of 
Nature-Based solutions:

• The water resource for summer watering is 
a sine qua non for the cooling power of urban 
vegetation. Therefore, the assessment of water 
resource availability is a key element to consider 
upstream of any greening project aimed at regu-
lating the micro-climate.

• The combination of different types of vegetation 
can enable action to be taken on the same adap-
tation objective or to mitigate different types of 
impacts.

• The higher the rate of vegetation is, the greater 
the cooling is, the better thermal comfort is and 
the lower demand for air conditioning is.

• Deciduous trees (trees that lose their leaves in 
autumn and winter) have a significantly higher 
effect on micro-climate regulation than herba-
ceous vegetation.

• Vegetation roofs should be favoured in areas 
where the ground surface is limited. Beyond 
their effect on building insulation, green roofs 
also have effects on the regulation of other urban 
services, such as rainwater regulation and the 
preservation of biodiversity.
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C) PrOMOTING DIsAsTEr PrEPArEDNEss
As climate change is leading to more frequent ex-
treme events, and increasing physical robustness 
will not be able to cover all risks economically, ad-
aptation to this new climate will require the develop-
ment of a culture of risk as well as  the development 
of social capital. 

•	 Communication to building users is essential to 
prepare for new eventualities and to deal with 
them more effectively. This upstream commu-
nication allows to react quickly and in the right 
way, to be prepared in case of an extreme climate 
event, and more broadly to develop a culture of 
risk. Communication about extreme events can 
also foster communication about other topics, 
such as the behavioural changes needed to miti-
gate climate change.

•	 Social capital, or the strength of social ties, is 
one of the factors that make a community resil-
ient. If the organization of spaces in buildings 
is thought out in advance to promote social ex-
change, this would help improve the resilience 
of the communities that occupy these buildings.

In certain cases, favouring investments that reduce 
the sensitivity of a particular space can be a wise 
choice. If an entire building cannot be economically 
“climatic proof” then part of it could be designed as a 
shelter or refuge zone for a specific type of extreme 
event. These zones would reduce the vulnerability of 
the building users’ and eventually of the surrounding 
community. For example, in order to face heatwaves 
some buildings maintain cooling spaces. similarly, 
higher areas could be adapted as refuge zones to 
cope with floods. 

3.2 disAster risk reduCtion 
And ClimAte ChAnge 
AdAPtAtion

Disaster risk reduction (Drr) is defined by UNDrr 
as “the concept and practice of reducing disaster 
risks through systematic efforts to analyse and 
manage the causal factors of disasters, including 
through reduced exposure to hazards, lessened vul-
nerability of people and property, wise management 
of land and the environment, and improved pre-
paredness for adverse events”.

Disaster risk reduction and climate change adapta-
tion are both vital strategies for achieving the SDGs, 
as demonstrated by the inclusion of the sendai 
Framework for Disaster risk reduction and the Paris 
Agreement in the 2030 Agenda. These strategies 
cannot be pursued in siloes (UNDrr, 2019). This 
provides a clear mandate to increase coherence 
between these two strategies that share common 
objectives. 

Disaster risk reduction (DRR) and Climate Change 
Adaptation (CCA) are converging. Drr is shifting 
from response and recovery to awareness and pre-
paredness: from short term actions (civil security, 
emergency) to a longer-term vision (development), 
from managing disasters to managing risks. These 
changes provide a strong basis for coherence and 
mutual reinforcement between CCA and Drr (OECD, 
2020). 
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Climate change affects buildings and in turn the hu-
man life and economic activities they host. Climate 
change impacts on buildings vary according to the 
nature of the hazard, the type of building, the use 
made of them, the vulnerability of occupants, the 
dependency to infrastructure network services, the 
urban coping context, and their cultural and social 
value.

4.1 teChniCAl And soCiAl 
imPACts

The main climate hazards that have technical im-
pacts on building are the followings: heatwaves, 
floods, storms, landslides, droughts, forest fires, 
higher average temperatures, change in frosts cycle, 
increase in the temperature of watercourses and 
lakes, changes in the precipitation regime, solar irra-
diation variation, and coastal erosion. 

At the level of buildings, technical impacts of cli-
mate hazards include different aspects that cover 
impacts on the building structure (safety) and the 
building use (building services). Impacts are also 
social, at the level of the rBC sectors, stressing 
costs and responsibilities all along the value chain, 
and of the whole society, causing breakouts in ac-
tivities and potentially implying long-term displace-
ment from highly exposed places.

The impacts on buildings include the degradation of 
the structure (roof, envelope, foundations), the de-
terioration of networks (water, gas, electricity, cold 
supply), and the downgrading uses of equipment 
(cannot be used to full capacity) and adverse effects 
on users’ behaviour (comfort, health, asset values).
Climate hazards affect lands and the built environ-
ment. The following figure, based on a study led by 
ADEME and BUrGEAP in 2015, offers a more precise 
view of the technical impacts of climate change, an-
alysed by type of hazard.

Climate Change impacts on Buildings4.

TECHNICAL SOCIAL

SAFETY BUILDING SERVICES CONSTRUCTION & 
RE SECTOR SOCIETY

Damages to 
buildings 

risks to health and hu-
man safety

Premature aging of com-
ponents

reduced comfort and 
well-being

Loss of use of buildings

reduced accessibility

Malfunction of building 
systems

Increase in building (cap-
ital) costs and reduced 

affordability

Increases in 
operations and mainte-

nance costs

Legal and 
professional liability

Increases in 
insurance premiums

Displacement / 
migration

Instability

Loss of external services 
and networks

Loss of cultural 
property

Figure 6: Classification of climate change technical and social climate impacts on buildings and their users 
(source, GlobalABC & OID, 2020) 
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Figure 7: Impacts of climate change for buildings by climate hazards (source: ADEME & BUrGEAP 2015)  

The level of impact is denoted by the colour of 
boxes: the darker the colour, the stronger the 
impact. The symbols at the top correspond to 
the climate hazards: heatwaves, floods, storms, 
landslides, droughts, forest fires, rise in average 
temperature, change in freeze-thaw cycles, 
change in precipitation patterns, change in ra-
diative forcing, and coastal erosion. The graph 
however does not include information on the 
reduced transport accessibility of the building.

According to an upcoming study on climate change 
impacts on buildings produced by ADEME (French 
ecological transition agency), the main impacts are :

• Heatwaves: physical risk of hyperthermia and 
dehydration, can also lead to the dysfunction of 
equipment such as air conditioning, ventilation, 
and IT infrastructures. 

• Floods: surface, walls and furniture deterioration 
and cracking, clogging of sanitation networks, 
supply disruption and water contamination. 

The same concerns apply for electric and energy 
supplies. Humidity can cause degraded air quality 
and lead to allergies, while flooding itself can re-
sult in injuries and drownings.

• strong winds: risk of roofs and openings being 
torn away, damages on the structure, and inju-
ries for individuals.

• Ground movements and landslides: the cracking 
or even collapse of buildings, risk of electricity, 
gas, or water supply cuts.

• Droughts: desertification and foundations fragili-
ties. In case of a lack of drinking water, it can 
also lead to dehydration in individuals.

• Forest fires: severe harm on the whole building, 
risk of water and gas, fuel or propane supplies 
exploding, serious risk injury to individuals.

• Coastal erosion: besides the obvious risks related 
to water penetration itself, coastal erosion can 
cause cracking or even the collapse of build-
ings, and also lead to the threat of falling rocks.
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The effects of climate change — including tempera-
ture variations, and changes in humidity, solar radi-
ation, wind, and precipitation patterns — can cause 
paint staining, movements in building structures, 
cracks in concrete, and corrosion to building ma-
terials. Water damage from increased precipitation 
can damage buildings’ structures, create mould, in-
creased bacterial activity, undermine drainage sys-
tems, and cause power disruptions. In the long run, 
warming temperatures and increased humidity 

Consequences of climate change on buildings are 
not always immediate. Chronical climate hazards 
have impacts that are visible only on the long run, 
after several years. The World resource Institute 
(WrI) classified climate change impacts on build-
ings in: storm damage, geotechnical problem, flood 
damage, corrosion of metals, degradation of plas-
tics and rubbers, degradation of surface coatings, 
rain penetration and water damage, higher summer 
temperatures and durability of concrete, increased 
rates of coastal erosion. The previous table provides 
details on the consequences of these impacts on 
the building owner as well as the timeframe of these 
impacts.

Figure 8: Physical impacts of Climate change on building and impact time frame (source: WrI 2010)  

could affect structural building components and 
reduce building lifespans. Many building materials 
also require time to dry out after construction, and 
higher humidity extends the process, although this 
may be compensated with the use of additives in 
the materials. Increased humidity may also limit the 
ability of building envelope systems to dry out after 
rain events. Volatility in temperatures can cause ma-
terials to expand and contract, creating cracks and 
structural faults.

Impact on buildings depends also on the local ur-
ban context. The physical urban context (density of 
buildings, density of greenery, urban layout...) has 
a huge impact on the wind flow, the water flow, the 
urban heat island... for example the “MIT concrete 
sustainability Hub” has shown that the layout, or the 
texture of the city, can considerably amplify the wind 
loads, and damages on buildings. However, current 
building codes do not consider this contextual ef-
fect, leaving many communities at risk. The city 
management of networks (electricity, sewerage...) 
and urban planning also greatly contribute on the 
resilience of buildings.
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SOCOTEC Climate Risk Matrix 

The Global Testing - Inspection – Certification company (sustainable building branch) developed a matrix 
tool summarizing the climate resilience of a building for each major climate hazard selected, based on 
three parameters: climate context, urban context, and a resilience indicator attached to the building (low, 
medium or high). 

Figure 9: example of sOCOTEC climate risk matrix  

Each evaluation is mapped 
according to two axes: cli-
mate and urban contexts.  

The resilience indicator for 
each climate impact takes 
into account the risk con-
cerning the “structure,” the 
“networks,” and the “use” of 
the building. It also evaluates 
the quality of the adaptation 
solutions implemented.

The vulnerability of a building not only depends on 
construction choices, but also on the type of activi-
ties and occupants hosted. There are critical factors 
that help define the vulnerability of a building in the 
face of climate change impacts: the vulnerability of 
sheltered people, the number of people in the build-
ing, the building’s dependency on technical equip-
ment or on networks. This table illustrates the main 
factors of vulnerability of buildings according to 
their use (commercial, residential, public, industrial 
or transportation). It suggests that there is no single 
profile, and that a building’s vulnerability depends 
first on its characteristics to house certain activities 
that determine its basic exposure, sensitivity, and 
coping capacity, and not only on location.

Beyond physical risks, human health risks may in-
clude poor indoor environmental air quality, uncom-
fortable indoor temperatures, and in some cases 
mental disorders. In addition, extreme temperatures 
or meteorological events prevent construction pro-
cesses and create difficulties in completing them. 
The priority of adaptation measures to be imple-
mented is then determined by the extent of social 
and economic impacts that would be felt in case of 
climate disasters affecting a building.
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Figure 9: example of sOCOTEC climate risk matrix  

BUILDING ExPOSURE SENSITIVITY COPING CAPACITY

Type  Vulnerable
people

Number 
of people

Link to 
nature Technicity 

Dependancy to Infrastructure networks
Potential
shelterCentral	Product	Classification 1 2 3

RESIDENTIAL

One- two- dwelling (5211-1)

-rural house Wildfire Water Road Roof

-urban house Water Transit

-informal Water

Multi-dwelling (5211-2)

-apartement bldg Heatwave Water Transit

NON-RESIDENTIAL

Industrial (5212-1)

-Data center Data Elec.

-Warehouse Road

-Factory/plant Elec Road

Commercial  (5212-2)

Office	building

-high rise Wind Transit Elec. Data

-low- and middle- rise

Retail

-shopping mall Road Transit Elec.

-Main street

-superMarket Road Elec.

Transport

-Airport terminal

-Port Terminal

-railway station

-Carpark Road

Public entertainment (5212-3)

-Theatres, Concert hall Transit

Hospitality (5212-4)

-Hotel Transit

-LeisurePark Road

-stadium (5227-1) Transit

Educational (5212-5)

-school

-University

-lab. Data Elec.

-Museum

Health (5212-6)

-Dispensary

-Hospital Road Elec. water

-retirement house

Other (5212-9)

-Farm shed animals

-Gvt buildings

-Heritage
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Legend

Vulnerable people : beige (children, elderly), orange (dis-
eased, poor); in case of climate event some vulnerable 
categories of people present in large majority in this type 
of building are more exposed to danger. Localization of 
this type of building is very important.

Number of people in the facility: beige (+100), orange 
(+1000); in case of climate event more people using this 
type of building are impacted

Link to nature: beige (presence of garden, vegetation, 
open space as accessory to the main function,..), orange 
(proximity to sea, forest, land,…); presence or proximity  of 
nature can be an advantage but can represent a danger 
(tree fall, wildfire, submersion of seashore area,..). some 
type of building are more exposed to specific danger such 
as rural house (wildfire), apartment (heatwave), high-rise 
building (extreme wind) 

Technicity: Beige (elevator, central ventilation, air condi-
tioning..), orange (data network, building management 
system, scarce resources..); some building integrate 
more technical features and system, their operation is 
more sensitive to potential disruption

Dependency to networks: white (access), beige (criteria of 
localization), orange (vital access, first criteria of localization,..);  
some activities and operations in this type of building de-
pend more on their access to transportation (road, tran-
sit), water, energy or data networks. 

Potential shelter : white (accessible roof can represent 
an emergency shelter against flooding in case of remote 
house)  green (proximity of population: this type of build-
ing by its size and proximity of population offer a poten-
tial shelter in case of disaster: for example supermarket 
could be “cooling space” in case of heatwave.
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4.2 eConomiC And soCiAl 
imPACts

As extreme weather events intensify and become 
more frequent and temperature rises, the lack of adaptation 
of the build environment to climate change will have 
severe economic and social, direct and indirect con-
sequences.

A) LOss AND DAMAGE OF HOUsING
Beyond the cost of rebuilding, non-anticipated relo-
cation	can	have	significant	economic	consequences. 
Considerable economic and social costs can be an-
ticipated in the event of a major climate-related cri-
sis which would render people unable to remain in 
their homes.

•	 Investment. Costly solutions to rehouse popula-
tions would need to be thought of by the relevant 
authorities.  While shelters and hotels provide a 
short-term solution, a long-term option must be 
offered when a building suffers major damages.

•	 Community. Disaster would lead communities 
being torn apart and families being separated as 
they would be housed in different places. 

The social and psychological consequences 
of such a split should not be underestimated 
during times of distress, as a sense of famil-
iarity and belonging are extremely important 
to mental well-being. The loss of reference points 
for an entire population may have serious social 
repercussions. Additionally, people being re-
housed on a site far from their workplace could 
increase the risk of job losses for reasons as di-
verse as the lack of transportation means or the 
increased tiredness. 

•	 Migration. As populations leave their neigh-
borhoods to be rehoused or flee for their lives, 
they may settle in existing communities which 
can potentially generate new conflicts in places 
that are not affected by a major climate hazard. 
Despite it seeming anecdotal, climate migrants 
number more than 21 million every year according 
to the International Organization for Migration 
(IOM).
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The unexpected population increase may lead 
to a scarcity of resources such as food, water, 
or fuel that would then endanger the well-being 
of both communities. At the same time, cultural 
differences and a fierce competition for resources 
could lead to increasing tensions between the 
communities that could result in an increasingly vio-
lent situation. Additional challenges may arise 
if the displaced communities exist in an area 
not easily accessible to state authorities, for in-
stance a region controlled by the mafia or under 
the authority of tribal chiefs. 

Climate change has particularly severe economic, so-
cial, and sanitary consequences on people living in 
informal settlements. One of the greatest challenges 
for climate change adaptation is how to build resil-
ience for the estimated billion urban dwellers who 
live in what are termed informal settlements (IIED 
2018). 

• According to the UNDEsA’s sDG report 2019, 
the proportion of the urban population living in 
slums grew to 23.5 per cent in 2018. The total 
number of people living in slums or informal 
settlements grew to over one billion, with 80 
per cent attributed to three regions: Eastern and 
south- Eastern Asia (370 million), sub-saharan 
Africa (238 million) and Central and southern 
Asia (227 million). But the current need for good 
standard engineered housing will go far beyond 
slums: an estimated three billion people will re-
quire adequate and affordable housing by 2030.

• People living in slums or informal settlements 
are most at risk from climate change impacts 
since they live in poor-quality housing that is 
significantly more likely to be damaged or de-
stroyed during an extreme climate event. These
people also generally lack access to basic infra-
structure and services (such as water, electricity, 
thermal comfort, modern cooking stoves...).  

• Moreover, as the populations relying on informal 
housing are mostly poor, the loss of their homes 
and belongings will very likely mean the loss of
everything they own. The importance of tackling 
this issue is therefore undeniable, a fact high-
lighted in several United Nations sustainable 
Development Goals (sDGs): sDG 11 in particu-
lar stresses that cities and human settlements 
should be inclusive, safe, resilient, and sustainable.

Small economical actors also face obstacles in the  
implementation of climate change adaptation mea-
sures. While big companies have the ability to invest 
massively in the adaptation of their buildings, the 
vast majority of individual homeowners and shop 
owners do not have the funds to do so. Moreover, 
while it may be cost efficient for big companies to in-
vest in adaptation to protect their buildings and the 
contents inside them, this may not be the case for 
small actors. The costs and the gains of adaptation 
are indeed not carried by the actors: the investment 
is made by the building’s owner and the gain by the 
insurance company. Therefore, policy incentives 
must take into account small actors and provide 
special measures for them.

B) rOLE OF sPECIFIC BUILDINGs: rEFUGE, PUBLIC, 
sTOrAGE, HErITAGE BUILDINGs
Refuge buildings: Permanent or temporary areas of 
refuge within private and public buildings help peo-
ple avoid danger during hazards. They therefore play 
a critical role in saving lives. On a day-to-day basis 
they are used by the most vulnerable populations, 
such as people living in informal settlements who 
may not be sheltered from chronic climate hazards 
in their homes. For instance, a ventilated room in 
a public building can be used to shelter people at 
risk during the summer. It goes without saying that 
these areas of refuge should be resilient to the cli-
mate hazards that they are exposed to.

Public buildings: The resilience of communities is 
dependent on public access buildings. Hospitals, 
schools, and libraries offer important services to 
communities and often constitute a safe zone for 
vulnerable populations. Their inaccessibility could 
have severe social, psychological and health con-
sequences, such as an increase in the number of 
deaths of the population, greater isolation of old 
people or a higher number of school dropouts of 
youths. Public access buildings are particularly 
important for people who are in danger inside their 
own homes, for example due to a toxic environment
or unhealthy conditions. They also are often at the 
heart of community life, helping create a sense of 
unity and belonging which are essential to a resilient 
social fabric, and a resilient social fabric lies at the 
heart of a resilient society.  

https://unstats.un.org/sdgs/report/2019/goal-11/%23:~:text%3DThe%2520absolute%2520number%2520of%2520people%2CSouthern%2520Asia%2520%28227%2520million%29.
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Storage buildings: Buildings used to store goods and 
foods. Now electronical equipment and data are also 
key elements that must be protected. If their contents 
were to be damaged during an extreme climate event, 
the economic and strategic consequences could be 
enormous. Companies and/or public entities could 
lose essential equipment, rough material, or strate-
gic data. As more and more organizations transfer 
their data to the cloud and societies rely ever more on 
the internet, protecting the data servers must become a 
priority. A crisis management plan for storage build-
ings should therefore be put in place preemptively, 
and a safe place designated to move the contents of 
these buildings to safety, should time allow. 

Heritage buildings: The adaptation of the cultural and 
heritage buildings is a question that must be considered. 
Indeed, heritage may be affected by climate change 
risks and its destruction could have significant so-
cial and economic impacts because heritage as-
sets are cultural and economic resources for both 
individuals and communities. For example, heritage 
buildings often play an important role in the tourism 
industry of a region, and their degradation would 
subsequently have several consequences including 
the loss of a primary source of income for many. 
Heritage properties like old religious buildings also 
play an essential role in gathering communities, 
and if destroyed could lead to the significant dete-
rioration of their social fabric. As such it is important 
that heritage assets be protected and preserved 
for future generations, yet they are rarely included 
in climate change plans. More broadly, concern for 
architecture should be constantly demonstrated in 
climate policies.

Heritage Buildings and Climate Change 
Adaptation 

Cultural heritage offers immense and virtually 
untapped potential to support just transitions 
by communities towards a low carbon, climate 
resilient future. sDG11.4 recognizes the power 
of cultural heritage to support safe, resilient 
and sustainable communities. Heritage plays 
an important role through its power to connect 
people to places and to each other, thereby fos-
tering a sense of identity and community which 
in turn help create stronger social fabric. Cul-
tural heritage is also a source of creativity and 
inspiration that promotes innovation and sup-
ports economies. 
The Paris Agreement notes that adaptation 
should be guided by not only the best avail-
able science but also by appropriate tradition-
al knowledge, knowledge of indigenous peo-
ples and local knowledge systems. Traditional 
building technologies tend to be adapted to lo-
cal conditions and can employ local materials. 
Traditional approaches to building design, ori-
entation and spatial arrangements often have 
characteristics, sometimes called ‘inherently 
sustainable features’ (IsFs), that maintained 
occupant comfort before modern mechanical 
hardware. 

Together, the historic built environment helps define and express the character and values of communities 
while reflecting a diversity of knowledge systems, trades and livelihoods, and local self-sufficiency that are 
crucial to resilience.  
Climate change impacts are challenging in profound ways the adaptive capacity of diverse types of cultural 
heritage including built heritage and landscapes as well as intangible heritage and associated communi-
ties. Heritage may also be impacted by well-intended climate adaptation and mitigation measures, in some 
cases as a result of considered balancing of needs and values and in other cases through maladaptive 
actions or ill-conceived responses. Climate change is causing novel weather conditions that may not be 
predictable by local knowledge and experience; however, past adaptability may be transferable across re-
gions as climatic conditions shift.
There are often no effective substitutions or adequate compensation for lost cultural significance. Climate 
change adaptation for built heritage aims to increase the capacity of these properties to retain the knowledge 
and values they carry, both for contemporary benefits and as a legacy to future generations.  
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ORGANISATIONS ON “HERITAGE AND 
CLIMATE CHANGE ADAPTATION”:

•	 world Heritage Convention. WHC parties 
decided at its 16th session in 2007 on 
Policy guidance including binding policy. 
A new draft policy expected early 2021. 
The current policy addresses both the 
impacts of climate change on world 
heritage properties and the power of 
cultural heritage to support climate 
action. It addresses the intersection of 
climate change and world heritage pro-
cesses in areas such as nominations, 
reactive monitoring, periodic reporting, 
international assistance, and capacity 
building, as well as the strategy for reducing 
risks from disasters at WH properties”. 
Key messages of the 2007 Policy Guidance 
are the following : 

o WH properties will be used wherev-
er appropriate and wherever possible 
as a means to raise awareness about 
the impacts of climate change and to 
communicate best practices in vulner-
ability assessments, adaptation strat-
egies, mitigation opportunities, and 
pilot projects. 
o state parties and managers of individ-
ual WH properties will consider under-
taking site-level adaptation measures. 
o Make climate vulnerability assess-
ment part of the WH site nomination and 
inscription process.

•	 International Council on Monuments and 
Sites. In 2017 ICOMOs committed to 
mobilizing cultural heritage for the 
climate and to this end formed the 
ICOMOs Climate Change and Heritage 
Working Group (CCHWG). [...]

In 2019 the CCHWG published its report 
“The Future of Our Pasts:  Engaging 
Cultural Heritage in Climate Action.”  
The report takes stock of hundreds of 
ways in which cultural heritage can 
drive climate change adaptation and 
mitigation and also catalogues the 
myriad impacts that climate change 
is having on diverse types of heritage. 
The report concludes that addressing 
these impacts while simultaneously 
fulfilling the potential of culture to sup-
port equitable climate action requires 
(1) adjusting the aims and methodolo-
gies of heritage practice and (2) better 
recognizing the cultural dimensions of 
climate change.  
 

•	 Climate Heritage Network, The Climate 
Heritage Network is comprised of or-
ganisations committed to using the 
arts, culture and heritage to aid com-
munities in tackling the climate change 
emergency and achieve the ambitions 
of the Paris Agreement. Network mem-
bers include the arts, culture and heri-
tage units of government at all levels, 
NGOs, universities and research organizations 
as well as design firms, artists, and other 
businesses. The CHN working groups 
include those working to promote the 
use and value of traditional knowledge 
in climate action, as well as those who 
are committed to promoting the reuse 
of buildings through better metrics for 
avoided, operational, and embodied carbon.

• Initiative on Protection of Cultural and Natural 
Heritage from Climate Change led by UNEsCO 
and Greece, was launched at UN Cli-
mate summit (NY, 2019). 

http://whc.unesco.org/uploads/activities/documents/activity-397-2.pdf
https://www.icomos.org/en/focus/climate-change
https://www.icomos.org/en/focus/climate-change
www.climateheritage.org
https://climateaction.unfccc.int/views/cooperative-initiative-details.html%3Fid%3D133
https://climateaction.unfccc.int/views/cooperative-initiative-details.html%3Fid%3D133
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4.3 imPACts on network 
infrAstruCture

The resilience of infrastructure and the resilience of 
buildings is linked. Buildings supporting urban net-
works such as water and electricity are also critical 
infrastructures.

If a resilient building is a necessary condition to 
assure the continuity of building’s service, it is not 
sufficient	 to	ensure the continuity of services of a 
building, which also depends on the resilience of 
the infrastructure that supports the building. The 
exposure of the supporting infrastructure to hazard-
ous events should therefore be considered as part 
of the building’s overall exposure. Thus, enhancing 
the resilience of a building alone is not sufficient, 
and buildings must be viewed as part of a network 
or system that supports human activities, with the 
supporting infrastructure together forming the built 
environment. On the other hand, in terms of the im-
pact of hazardous events on human activities, the 
resilience of infrastructure systems cannot be con-
sidered separate from the resilience of the buildings 
that are part of the system. similar considerations 
would have to be made to ensure the disaster and 
climate resilience of individual buildings as well as 
that of entire infrastructure systems.

Infrastructure constitutes the basic physical and or-
ganizational structures that provide vital services to 
the economy. roads, bridges, power systems etc. 
constitute the infrastructure stock, with buildings 
forming an essential part of every infrastructure 
sector. As infrastructure systems are interdepen-
dent, it is important to understand the interlinkages 
between infrastructure systems and services and 
adopt an integrated systems approach when plan-
ning for infrastructure resilience. For instance, if a 
storm directly impacts a road that supplies cargo to a 
port, then the port is also affected even though there 
is no direct physical loss from the storm. similarly, 
if the building of a telecommunications exchange, 
housing the computer servers and switches, gets af-
fected by a fire or flood, the entire downstream tele-
communications system could get disabled. 

Because of the increasing occurrence of extreme 
events, the risks posed to the built environment calls 
for focussed attention on fragilities in an integrated 
manner. site selection is a crucial aspect when it 
comes to reducing the exposure of infrastructure 
and buildings to hazards. For instance, often in the 
case of airport development environmentally sen-
sitive sites such as low-lying areas, sites alongside 
coasts, floodplains, and reclaimed land are used due 
to restricted availability and supply of land. This in-
creases the exposure of the airport infrastructure, 
including the airport terminal building, to natural 
and man-made hazards, increasing the possibility 
of disruption to services. This demonstrates the 
need for risk-sensitive land use planning to enhance 
the resilience of infrastructure assets, including the 
buildings associated with the infrastructure system. 

Apart from adopting risk-sensitive land-use planning, 
it is also critical to conduct disaster risk assessments 
of the building structures and other assets that consti-
tute the infrastructure system. To determine the fra-
gility of the structure a set of probabilistic vulnera-
bility functions will be useful for understanding the 
risk. These vulnerability functions characterise the 
expected structural behaviour of the asset in terms 
of damage during the occurrence of hazardous events. 
Based on these risk assessments, the robustness 
of the structure can be increased, and redundancies 
can be established to achieve the desired perfor-
mance in response to hazards and thereby enhancing 
the resilience of the system.
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What would be the financial and –most importantly— 
human cost of choosing not to take action to adapt 
buildings to climate change lives? Conversely, what 
would be the cost of adaptation?

5.1 whAt is the Cost of 
non-AdAPtAtion?

Extreme events already translate into a significant 
and increasing burden for the real estate industry.

The cost of non-adaptation is the cost that would be 
associated with climate change effects if there are 
no measures implemented to anticipate and diminish 
climate hazards impacts on buildings. No evaluation 
cost can be precise or exhaustive. This is because:

• The evaluation of the cost of climate change 
often only relies on first-order impacts (eg. the 
destruction of an asset), since second-order im-
pacts (eg. The decrease in productivity of workers 
due to a heatwave) are extremely complex to 
assess. 

• Current methodologies do not cover the entire 
value chain of the counterparties they examine 
(UNEPFI, 2019).

• Few methodologies integrate both physical and 
transition risks.

• Most of the assessments are focused on a sys-
tem of exposure to climate change risks while 
the assessment of sensitivity and the analysis 
of the adaptive capacities of an organization 
would go beyond the first assessment and pro-
vide more information. However, these analyses 
require a large amount of data and strong analysis. 

• At the level of buildings, it may also be difficult 
to separate investments made specifically to 
improve adaptation from those that are usually 
made. 

• The cost of non-adaptation is therefore always 
underestimated.

Future costs will also depend on the emissions path 
that is followed. Carbon Brief explains the different 
impacts of climate change and costs resulting from 
the increase in global temperatures. The study in-
dicates that if the global temperature increases of 
1.5°C, global GDP per capita would decrease by 8% 
by 2100, and in case of an increase of 2°C, global 
GDP per capital would decrease by 13%. similarly, 
ClimateWise has modelled losses for residential 
mortgages and investment portfolios for a 2°C and 
4°C warming by the end of century. Across all haz-
ards, the stronger the warming is, the higher the danger.

Cost of Non-adaptation, Benefits, and 
Costs of Adaptation

5.

Figure 9: Modelling of average annual loss (source: ClimateWise 2019)  
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Figures are often underestimated, particularly when 
they include only insured losses, which concern only 
a part of total losses, as shown below.

Extreme	 events	 already	 translate	 into	 a	 significant	
and increasing burden for the real estate industry. 
Filipino Insurance Commission estimates the num-
ber of damages to real estate properties to be PHP 
12 billion (approximately UsD250 million) from the 
two 2009 tropical storms, Ketsana and Pepeng. 
Flood events in Jakarta in 2007 caused more than 
UsD900 million in total damages, while the 2002 
floods caused an estimated UsD1.1 billion in prop-
erty damage (Wall street Journal 2009). The follow-
ing graph shows the rise of the cost of disasters on 
the built environment. In Pakistan in 2010, over 15 
million people were affected by flooding. Over 200 
health care facilities were destroyed by such floods 
(WHO 2018).

Turning to projections, by 2070 more than 150 mil-
lion people in the world’s largest port cities are likely 
to	face	a	heightened	risk	of	flooding (Nicholls 2008 
cited in Global ABC 2018). The potential cost burden 
of this is unevenly spread, with four cities account-
ing for 43% of average annual losses: Guangzhou, 
Miami, New Orleans, and New York. 

According to UNIsDr (2015) the amount of damage 
will be so high that many vulnerable countries will 
not	have	the	financial	resources	to	cope	with	a	1-in-
100 years loss (severe but infrequent). This in turn 
increases indirect losses due to disasters.

According to a study from the Uk National Oceano-
graphic Centre, the global cost of rising sea levels 
would reach 14 trillion USD per year in 2100 (WEF 
2019). As a comparison, Hurricane Irma, which was 
the costliest natural disaster for insurers in 2017, 
had recorded around 32 billion UsD of insured loss-
es and evaluated at around 67 billion UsD of total 
losses (Munich re 2018). China would face the big-
gest costs in absolute terms. Looking at it in terms 
of GDP percentage, the impacts will be highest for 
Kuwait (24%), Bahrain (11%), the United Arab Emir-
ates (9%), and Vietnam (7%). Analysis by Heitman 
and the climate risk analysis firm “Four Twenty-seven” 
focused on institutional exposure to climate risk. It 
showed that more than 24% of the NCrEIF (National 
Council of real Estate investment Fiduciaries) Prop-
erty Index value in the United states corresponds 
to assets that are in metropolitan areas. The city 
centres of these areas are among the 10% of cities 
most exposed to sea-level rise, which translates in 
an amount of more than 130 billion UsD of real es-
tate (ULI and Heitman 2019). 

At the level of buildings, utility costs will increase if 
action is not taken to adapt to climate change. There 
is however very little awareness among developers, 
building owners, and tenants of the cost of utilities 
over the life of a building as well as the high cost of 
backup power.

Figure 10: Economic versus insured catastrophe losses 
over the period 1970-2015 (source: Munich re Economic 
research & Consulting 2015 in ClimateWise 2016)

Figure 11: Billion-Dollar Disaster Event Types by Year 
(source: NOAA 2018 cited in DWs 2018)
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5.2 whAt Are the Benefits 
And Costs of AdAPtion meA-
sures?

The cost of inaction is far greater than the cost of 
action, and the longer we wait, the higher the cost of 
adaptation and the cost of climate hazard impacts 
will be.

The cost of adapting to a 2°C global warming sce-
nario by 2050 varies greatly depending on the region, 
climate impact scenarios, and the sector. All sectors 
combined, the cost of adaptation at the global level 
would be between 140 and 300 billion UsD per year 
by 2030 and between 280 and 500 billion UsD per 
year by 2050 (UNEP 2016 cited in GlobalABC 2018). 
Figures may be complex to compare as scopes and 
methods differ, but the message is clear: the longer 
action is delayed, the higher the cost of adaptation 
will be (GlobalABC 2018). 

In 2011, the East Asia, Pacific and south East Asian 
regions faced the highest proportion of adaptation 
costs due to their large populations, while sub-sa-
haran Africa is projected to experience the largest 
increase until 2050 (GlobalABC 2018). According to 
the Us Global Change research Program (Us 2018), 
by 2090 22% of expected damage to coastal proper-
ty could be avoided if we followed rCP4.5 compared 
to rCP8.5 (for more information on rCP scenario, 
see the annexes). For inland flooding, damages 
avoided will be 47%.

The French Federation for Insurance 
studied the impact of climate change 
expected by 2040 for the insurance in-
dustry 

Comparing expected damages over 2014-2039 
and historical damages over 1988-2013, it con-
cluded that damages in France from natural di-
sasters will increase by 44 billion euros. Climate 
change with 13 billion euros is the second ex-
planatory factor, behind the increase of assets 
value. In a study on the financial impacts of 
climate scenarios the CCr, in charge of the re-
insurance for natural disasters, concluded that 
climate change would account for 20% of the 
increase in losses that is expected in metropoli-
tan France by 2050. 

Climate Change Impact on Real Estate 
in Ho chi Minh City 

In the worst-case scenario (rCP 8.5), by 2050 cli-
mate change could increase flood-related dam-
age to real estate in Ho Chi Minh City (Vietnam) 
by up to sixfold. This would raise the damage 
costs from 1,5 to 8,4 billion for a 100-year flooding, 
and from 1 to 6,6 billion UsD for a 1-year flooding) 
(McKinsey, 2020).
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Adaptation should therefore be included in all phases 
of the construction project: design, construction 
phase planning, delivery models, type of use, type of 
adaptation strategy, insurance, adaptation planning, 
regulations, codes of practice, etc., as explained in 
Parts II and III of this report.

In order to highlight the benefits of adaptation, tools 
are currently being developed to better assess its 
benefits. For instance, the African Development 
Bank’s Adaptation Benefits Mechanism provides 
a methodology to agree, value, implement, and 
self-certify a project (i.e., without external parties). 
The objective is to define the expected benefits of 
adaptation in advance, sign agreements with do-
nors, and pay only upon delivery of certified adapta-
tion benefits. This mechanism is particularly suitable 
for adaptation measures in rural or low-income areas 
where climate impacts are significant.

Investing in the improved adaptation of buildings will 
have	co-benefits. Heitman and ULI (2019) stressed 
that these benefits include, in the short-term: re-
duced damages from weather events, reduced utili-
ty expenses, improved tenant experience, reduced 
health issues, and operating expense stability. In the 
long-term, benefits include the potential to attract 
more private capital and institutional investment as 
demonstratable results are achieved in addressing 
climate change. 

How much is currently being invested to fund adaptation? 

Climate Chance & Comité 21 (2019) explain that less 
than 5% of the funds for climate-related projects are 
used for adaptation purposes (22 billion UsD out of 
463 billion UsD). Focusing on international finance 
flows for climate in 2017, Carbon Brief (2018) explains 
that about 16 billion UsD per year went to mitigation 
projects alone, compared to 9 billion UsD or adapta-
tion projects. 6 billion UsD went to projects aiming 
at both mitigating and adapting climate change.

source: Average UsA average cost-benefit ratio for five types of mitigation and perils National Institute of Building 
sciences (UsA,2019)

Making infrastructures resilient can add 3% to their 
overall	cost	but	has	a	benefit-cost	ratio	of	about	4	to	
1.	In	a	comparison	of	costs	and	benefits, research con-
ducted by to the Global Commission on Adaptation 
(2019) found that investing 1.8 trillion UsD globally 
between 2020 and 2030 in five areas --including early 
warning systems and climate-resilient infrastructures-- 

could generate 7.1 trillion UsD in total net benefits.
In coastal cities, the cost of successful adaptation 
is one-tenth the cost of no action being taken. The 
following table shows the average cost-benefit ratios 
for five types of mitigation and perils in the United 
states:

Benefits	of	adaptation	measures	
for the building owner

The Quebec Order of Architects cites the following 
benefits for the client in its 2019 “esquisse” 
magazine:

• increased safety 
• lower life span cost (reduces possible dam-

age)
• a quicker recovery to normal activity 

(after the event)
• control on insurance premiums
• easier access to financing (preservation of 

assets either as collateral or lower overall 
risk)
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However, it is important to note that adaptation will 
not always be feasible. In some areas facing haz-
ards such as sea-level rise, there may be no solution 
for adaptation (ecbi 2019). The European capacity 
building initiative (ecbi) specifies that the adapta-
tion limit is “the point at which an actor’s objectives 
or system needs cannot be guaranteed against in-
tolerable risks by adaptive actions”. A “hard” limit 
implies that no adaptative action is possible. A 
“soft” limit implies that “adaptation options are not 
yet available but could be available in the future 
through new technologies or changes in laws, insti-
tutions, or values, because it depends primarily on 
human factors”.

Climate liability is on the rise, and companies whose 
buildings and infrastructures are threatened by cli-
mate risks will be facing an increasing number of 
lawsuits (E&E News 2019). In the case Conservation 
Law Foundation, Inc. v. shell Oil Products Us filed 
in 2017, a federal district court allowed the Conser-
vation Law Foundation to sue shell Oil Co. for fail-
ing to integrate climate risks into its investments. 
Following regulatory guidelines and standards may 
not be sufficient to meet legal claims. For setzer and 
Byrnes (2019), “more cases of this nature are expect-
ed, as investors and insurers pay particular attention 
to	the	growing	gap	between	scientific	understanding	
of climate change and adaptation efforts.” Cases are 
also filed when organisations fail to report their ex-
posure to climate risk to their investors and shareholders. 

Climate risks have commercial implications, particu-
larly for contracts where a force majeure clause may be 

invoked.The construction sector will therefore be in-
creasingly concerned. McCarthy Tétrault LLP (2018) 
explains: “The effect of a force majeure clause is 
to release a party from its contractual obligations 
in certain circumstances, which often include envi-
ronmental conditions (often referred to as “acts of 
God”) that make it impossible to perform the con-
tract. As climate change increases exposure to ex-
treme weather events, contracting parties may be 
more likely to invoke force majeure clauses to avoid 
liability where conditions beyond their control have 
occurred”. To invoke a force majeure clause, the 
event that has occurred must have been impossible 
to foresee and prevent. Yet is this really the case for 
extreme events related to climate change, given the 
increasing availability of data on future risks? By 
addressing these questions during the negotiation 
phase, the contracting parties will be better able to 
manage climate risks. 

The Impact of Climate Risk on the Price 
of Real Estate in the United States

Does exposure to flooding reduce the price of 
a property? Bernstein, Gustafson and Lewis 
(2018) found an average decrease of about 7% 
in the value of homes exposed to sea-level rise 
in the United states over the period between 
2007 and 2016. Properties that will not be flooded 
before the end of the century are expected to expe-
rience a decrease in value of 4%.
  

The authors explain: “this reduction is driven by 
non-owner occupiers, who […] are more sophis-
ticated investors. Within this market segment, 
the average sea-Level rise [sLr] exposure re-
duction of value is approximately 10% and has 
increased over time, coinciding with the release 
of new scientific evidence on the extent and 
timing of ocean encroachment. Among buyers 
who we argue are less sophisticated (i.e., owner 
occupiers), we find that the sLr exposure dis-
count varies at the county level by the degree to 
which inhabitants are worried about the effects 
of climate change: with more worried areas 
impounding a significant discount and unwor-
ried areas demanding no concessions for sLr 
exposure.” A study published by McAlpine and 
Porter (2018) in Miami-Dade, Florida, arrived to 
the same conclusion: “We find empirical support 
for significant and negative impacts, in property 
value appreciation due to the increasing risks of 
tidal flooding. This is likely related both to the ob-
servable increase in flooding in the Miami-Dade 
area and the documented increase in media cov-
erage of these events.”

the rise of Climate liability Concerns 
the rBC sectors

6.
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