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ABSTRACT
Roads contribute to climate change, mainly due to traffic emissions, but they are also affected by changes 
in the climate. Climate variations modify pavements’ exposure in a positive or negative way, reducing or 
increasing degradation. When climate impacts are negative, it is necessary to apply adaptation measures, 
such as changes in design or maintenance frequency, or traffic management. These adaptation measures 
may have new environmental impacts, especially an increased use of energy and emissions or acoustic 
impacts, which require mitigation measures. The environmental impacts of climate change adaptation are 
currently mostly ignored or undervalued. The aim of this paper is to draw attention to this topic, in order to 
achieve a proper consideration in adaptation decision-making.

Introduction

Climate conditions have significant effects on the performance 
and durability of road pavements (Zapata et al. 2007), and conse-
quently it is a main research topic, to identify degradation mech-
anisms and reduce maintenance needs and costs. Climate change 
may produce variations in certain climate factors, according to 
different scenarios that depend on human efforts to mitigate. 
Climate change variations modify pavements exposure in a pos-
itive or negative way, reducing or increasing degradation. These 
direct impacts may have indirect effects, for example, on road 
safety or traffic noise.

The occurrence of climate change impacts makes it necessary 
to apply adaptation measures, to adjust to the actual or expected 
climate and its effects (Field et al. 2014). These measures, such 
as changes to pavement design or maintenance frequency, may 
also have positive or negative impacts, which in turn can lead to 
other indirect impacts; any adaptation may produce unintended 
environmental impacts (Adger et al. 2005). However, adapta-
tion design focuses only on primary and direct climate change 
impacts.

The impacts of climate change on road pavements can be 
defined as primary, and impacts of adaptation as secondary 
(Table 1). Direct impacts may produce indirect impacts, and 
these also may create new ones, in a long chain. For example, 
heat waves → pavement degradation → increased traffic noise → 
reduction of small bird reproduction → reduction of prey for 
raptors.

The aim of this paper is to analyse the direct and indirect 
impacts of climate change on road pavements, both the pri-
mary impacts directly associated with climate change, and 

especially the secondary impacts associated with adaptation, 
often ignored in decision-making, as well as the mitigation 
possibilities.

Impacts of climate change on road pavements

Direct impacts

Climate change variations may produce an increase or decrease 
in road construction and maintenance costs, depending on the 
area (Chinowsky et al. 2013). Also on road pavements the effects 
of climate change may be positive or negative (Table 2).

Pavements suffer fatigue as a function of temperature 
(USDOT 2012, Meyer et al. 2014, Moreno-Navarro et al. 2015). 
Low temperatures may produce thermally induced cracking in 
colder regions (Dave and Buttlar 2011, Dave and Hoplin, 2015), 
while high temperatures may produce cracking due to acceler-
ated binder oxidation (CEDEX et al. 2013), increased ageing 
(Muench and Van Dam 2015) and rutting due to asphalt soften-
ing (TRB 2008, Regmi and Hanaoka 2011, Nemry and Demirel 
2012, Meyer et al. 2014, Muench and Van Dam 2015). In hot and 
temperate regions the expected increase in summer temperatures 
and heat waves will increase pavement damages, while milder 
winters may reduce damages caused by freezing and snow. In 
cold regions, milder winters may have the opposite effect, with 
an increase in the freeze-thaw cycles due to greater temperature 
irregularity. In Arctic regions a major risk is permafrost melting, 
which damages roads.

Changes in precipitation produce positive or negative effects, 
mainly related to road stability (RAE 2011, Regmi and Hanaoka 
2011, Nemry and Demirel 2012, CEDEX et al. 2013, European 
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implies a reduction in the potential application area, not offset 
by a minor increase of new areas that have no risk of freezing.

Indirect impacts

Climate change has an influence on road pavements, by increas-
ing or reducing deterioration, and this also produces positive or 
negative indirect impacts. Negative impacts are mainly related 
to traffic and noise. A pavement in poor condition has a negative 
influence on road safety, increasing vehicle wear and reducing 
speed, which increases travel times, and may cause traffic disrup-
tion. On the other hand, minor pavement deterioration reduces 
these impacts, as well as those related to replacement.

Pavement degradation increases traffic noise; normal climate 
exposure produces progressive pavement cracking, increasing 

Commission 2013, Muench and Van Dam 2015). Lower aver-
age precipitation reduces road damages, especially in unpaved 
roads, but may cause subsidence or subgrade shrinkage due to 
changes in soil moisture, especially in clay subsurfaces (Meyer 
et al. 2014). On the other hand, increased average precipitation 
may affect subgrade stability due to clay expansion or higher 
groundwater levels, and increases the risk of surface flooding 
(Muench and Van Dam 2015). Greater precipitation irregularity 
implies more frequent flooding and road and pavement damages. 
Coastal impacts, winds and storms may also have an influence 
on road stability.

The use of porous asphalt may have climate limitations. For 
example, in Spain it is not used in dry areas, under 600 mm of 
average precipitation, or cold area over 1200 m above sea level 
due to freeze risks (CEDEX et al. 2013); lower precipitation 

Table 1. environmental impacts of climate change related to road pavements.

note: (+) Positive impacts; (–) negative impacts.

Primary impacts

Adaptation measures

Secondary impacts

Direct Indirect Direct Indirect
(–) accelerated pavements 

degradation (cracking, rutting, 
road damages)

(–) Increased traffic noise more frequent replacement (–) Increased use of energy 
and gHg emissions

(–) Increase of climate change 

(–) reduction in road safety (–) Increased use of materials 
and waste

(–) environmental damages 
(quarries, landfills…)

(–) Increased wear of vehicles Change of pavement type or 
materials

(–) Increase of traffic noise (–) Population/ wildlife 
discomfort

(+) reduction of traffic noise (+) Population/ wildlife 
comfort 

(–) Increased travel time due 
to speed reduction

(+) lower carbon footprint 
materials

(+) reduction of climate 
change 

(–) risks of traffic disruption (–) Higher carbon footprint 
materials

(–) Increase of climate change 

(+) longer pavements duration (+) reduced use of energy and 
gHg emissions: reduction of 
climate change

not necessary    

Table 2. Climate change stressors and impacts on road pavements.

Climate stressor Negative effects Positive effects
general increase in temperature reduced potential for cooling relief overnight Decrease in the range of daily temperatures
Higher extreme temperatures and heat waves asphalt softening and rutting Cracking due to binder 

oxidation
 

Increased ageing of asphalt binder 
milder winters: fewer freezing days and lower snowfall more frequent freeze-thaw cycles (cold regions) less frequent freeze-thaw cycles (temperate regions)

Permafrost melting, producing road collapse lower cold cracking damages
reduction of frost heave
lower use of fluxes
lower limitations to porous asphalt due to freeze

Changes in average annual precipitation: more 
precipitation

expansion of clay subsurfaces causing pavement 
heave or cracking

Increased pavement cooling

Increased damage on unpaved roads Higher ground-
water levels affecting pavement subgrade stability

Increased risk of surface flooding
threaten to embankment stability 

Changes in average annual precipitation: less precip-
itation

lower use of drain asphalt lower road degradation
reduced potential for cooling 
Subsidence risks lower damage on unpaved roads
Contraction of clay subsurfaces causing pavement 

cracking
Increased potential for subgrade shrinkage

Increased precipitation intensity and irregularity Increased stability damages in platform and slopes  
Hurricanes Pavement strength loss  

general road damages (flooding, stability prob-
lems...)

Sea level rise and increased coastal aggressiveness road flooding and stability problems (coastal ero-
sion, land and rockslides...)

 

Winds and storms greater road damages (not specifically on pave-
ments)
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noise levels by 0.4–0.7 dB(A) annually (Ongel and Harvey 2010, 
Boodihal et al. 2014, Gardziejczyk 2016). Climate change may 
have an influence, making pavements noisier in a shorter period 
or reducing deterioration.

Using sand in winter maintenance of porous asphalts pro-
duces a loss of acoustic properties (Paje et al. 2010); milder 
winters with lower snowfall due to climate change reduce this 
negative effect.

Adaptation to climate change of road pavements

There is a wide range of adaptation measures for road pavements, 
which can be grouped into five main categories (Table 3).

Constructive measures focus on more resistant pavements, 
with lower climate vulnerability, for example, changing materi-
als, asphalt mixes, binders, thickness or reflectance (Regmi and 
Hanaoka 2011, PIARC 2012, Wistuba and Walther 2013).

External measures such as water cooling are emergency 
options during heat waves, especially in urban areas, but they 
are not a long-term adaptation.

The easiest pavement adaptation is to shorten the replace-
ment period in order to maintain it in good condition, but this 
also implies an increase in maintenance costs and environmental 
impacts.

Traffic management, especially with regard to heavy vehi-
cles, has many interesting possibilities, but may conflict with 
mobility and trade. However, it is a recommendable measure 
because a dominance of road transport involves a shortening 
of the pavements life, especially in warm regions where rutting 
can be very intense.

Regulatory measures include, for example, changes in pave-
ment design standards to adapt to future climate scenarios, or 
changes in vehicles regulations, such as the reduction of per-
missible axle load to reduce pavement damages due to rutting.

Environmental impacts of climate change adaptation

All measures of climate change adaptation in road pavements 
can produce new environmental impacts, which may be positive 
or negative (Table 4).

The most common impact is the increase or reduction in 
the use of materials, energy consumption and/or GHG emis-
sions, which could consequently be a negative or positive effect. 
Pavement maintenance includes periodic replacements of rolling 
layers, or even major repairs; increased climate aggressiveness 
may shorten repair cycles, and thus imply a greater use of mate-
rials and GHG emissions due to machinery. When adaptation is 
based on a change of pavement type or materials an increase or 
reduction of GHG emissions in production and construction is 
possible (White et al. 2010), depending on the options. Designing 
thicker pavements signifies a greater consumption of materials, 
energy and higher GHG emissions.

Paving unpaved roads, which are common in many devel-
oping countries, produces an increase in the consumption of 
materials, energy and emissions in the short-term, but may 
reduce maintenance needs in the medium and long-term, and 
even avoid problems such as riverbed siltation due to the drag 
of materials from the road.

Table 3. adaptation of road pavements to climate change.

Category Measures
Constructive Changes in asphalt mixes: more rigid and with higher 

softening point
Portland cement concrete pavements
transparent binders
Changes in pavement structural design (increased 

thickness)
Increased reflectance and albedo
Paving unpaved roads (mainly in developing countries)

external forced water cooling 
maintenance Changes in maintenance frequency (shortening 

periods)
traffic management temporary closure of roads or restrictions to heavy ve-

hicles during heat waves remove heavy traffic from 
roads (modal shift to other transport)forcing freight 
traffic to circulate at night (lower temperatures)

regulatory Change road pavement design standards
reduce the permissible axle load in heavy vehicles

Table 4. environmental impacts of adaptation measures.

note: (+) Positive impacts; (–) negative impacts; (±) uncertain impacts (positive 
or negative).

Adaptation measures Potential environmental impacts
Changes in asphalt mixes (±) Increased or reduced gHg emis-

sion in production and construction 
(±) Increased or reduced road traffic 

noise, depending on rolling layers
Portland cement concrete pavements (+) maintenance reduction: less ener-

gy consumption and gHg emissions
(–) Increased road traffic noise

transparent binders (±) Increased or reduced gHg emis-
sion depending on materials

Structural design: Increase thickness (–) Increased use of materials, energy 
consumption and gHg emissions

(–) Increased need of quarries and 
borrow pits

Increased reflectance and albedo (±) Increased or reduced gHg emis-
sion depending on materials

Paving unpaved roads (–) Increased use of materials, energy 
and gHg emissions in short-term

(+) maintenance reduction in medium 
and long-term

(+) reduction in erosion and water-
way siltation

forced water cooling (–) Water consumption: ecosystem 
damages and uses competition

(–) Discharge of water at a higher 
temperature into rivers

(–) Contamination of water used to 
cool pavements

Shorten maintenance frequency (–) Increased use of materials, energy 
consumption and gHg emissions

temporary closure of roads (+) reduced traffic noise on closed 
roads

(–) Increased traffic noise on alterna-
tive routes

remove heavy traffic from roads (+) reduced traffic noise 
(±) uncertain effects on other modes 

of transport
freight circulation during night (–) Increased traffic noise during 

night, affecting population and 
wildlife

(+) reduced traffic noise during day 
(less sensitive period)

Change pavement design standards (±) Increased o reduced use of materi-
als, energy and gHg emissions

(±) Increased or reduced road traffic 
noise, depending on rolling layers

reduce the permissible axle load (–) Increased number of vehicles due 
to a lower load per each one

(–) Increased traffic noise due to a 
larger number of vehicles
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(Figure 1), with differences that can vary by more than 15 dB 
(Praticò and Anfosso-Lédée 2012).

Some changes of pavement type may have a special acous-
tic relevance, such as the replacement of asphaltic pavement 
with Portland cement concrete as an adaptation to maximum 
temperature, or porous asphalt elimination due to precipitation 
reduction. For example, on a motorway (the M-40 ring road of 
Madrid, Spain), a change of the current porous asphalt pavement 
to conventional asphalt may increase the area affected by traffic 
noise by 46% and to Portland cement pavement by 117%.

Forced cooling implies water consumption, affecting aquatic 
ecosystems or competing with other uses, and also affects the 
quality of the water that has been used, which can increase its 
temperature and become contaminated by oils, hydrocarbons or 
other substances present in pavements.

Adaptation through traffic management can have effects 
mainly on noise levels, with changes in affected areas (increase 
or decrease) and in the emission periods. For example, the cir-
culation of freight traffic at night reduces pavement rutting, but 
increases the noise level in the most sensitive period for the pop-
ulation and the wildlife. A temporary closure of a road eliminates 
the traffic noise in that section, but it involves detours, increasing 
the noise in the sections where the traffic is diverted.

The reduction of the permissible load per axle reduces the 
deformation of softened pavements, but also the efficiency of the 
transport, requiring a greater number of vehicles.

Mitigation options for climate change adaptation 
impacts

Climate change adaptation of road pavements may produce 
undesired impacts, needing mitigation measures (Table 5). This 
mitigation may be preventive, in order to avoid the occurrence 
of the impacts, corrective to minimise unavoidable impacts, or 
compensatory to achieve better environmental conditions than 
the existing ones.

A first adaptation is changing pavement types or materials, 
such as asphalt mixes; preventive mitigation in this case is to 
include the use of more resistant materials, with a lower carbon 
footprint and quieter with regard to traffic noise. The use of mate-
rials with a lower carbon footprint, and machinery with greater 
energy efficiency, reduce GHG emissions; on the other hand, 

Changes in pavement type or composition may have an 
influence on noise levels, which can be positive if quieter types 
are used, or negative with noisier ones. Traffic noise is mainly 
produced by rolling, tire–pavement contact, with several fac-
tors having an influence (Sandberg and Ejsmont 2002, Sirin 
2016), especially pavement surface. Not all the road pavements 
have the same acoustic performance; compared to a conven-
tional asphalt some types are noisier while others are quieter  

Pavement types:
1. Ultra low noise poroelastic 3, 11

 2.  LOA (Lärmoptimierter Asphalt) 7

 3.  Two layer porous asphalt 11, 12

 4. Stone mastic asphalt 11, 12

 5. Open graded mixes (sensu lato) 8,9

 6. Single layer porous asphalt 4, 6, 11, 12

 7. Small aggregate asphalt 6
 8. Rubberised asphalt 1, 5, 6, 10, 11

 9. Conventional asphalt (reference) 
 10. Portland cement concrete 2
 11. Plastic modified asphalt  2
 12. Cobblestones 5
References:
1 Biligiri & Way (2014); 2 Boodihal et al. (2014);
3 Ejsmont et al. (2016); 4 Freitas et al. (2009); 5 Freitas
et al. (2012); 6 Liu et al. (2016); 7 Miljkovi &c
Radenberg (2011); 8 Ongel & Harvey (2010); 9 Ongel
et al. (2011); 10 Paje et al. (2010); 11 PIARC (2013);
12 Praticò & Anfosso-Lédée (2012). 
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Figure 1. acoustic performance of road pavements.

Table 5. mitigation of environmental impacts of adaptation in road pavements.

Adaptation measures Mitigation options 
Changes in asphalt mixes use of more resistant materials

use of lower carbon footprint 
materials

use of quieter pavements
Portland cement concrete pavements Preferential use of quieter pavements

avoid the use of this pavement in sen-
sitive areas (population or wildlife)

transparent binders use of lower carbon footprint 
materials

Structural design: Increase thickness Combination of thickness and materi-
als optimising the carbon footprint

use of recycled aggregates
Increased reflectance and albedo use of lower carbon footprint 

materials
Paving unpaved roads Combination of thickness and materi-

als optimising the carbon footprint
multi-criteria analysis of paving and 

non-paving alternatives
forced water cooling alternatives that do not require cool-

ing (materials more resistant)
use of recycled water
treatment of the used water before 

discharge
Shorten maintenance frequency use of more resistant materials, to 

enlarge maintenance periods
In situ recycling of pavements
use of machinery with greater 

efficiency
temporary closure of roads assessment of alternative routes, 

avoiding sensitive areas
remove heavy traffic from roads use of more efficient modes of 

transport
freight circulation during night avoid this measure in sensitive areas 

(population or wildlife)
mapping of night routes

Change pavement design standards Design standards taking into account 
environmental criteria

reduce the permissible axle load economic and environmental 
cost-benefit analysis before 
decisions
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new materials with a greater carbon footprint and old machinery 
have the opposite effect.

It is very important that decision-making on road pavement 
type takes into consideration the potential acoustic impacts, 
so changes for climate change adaptation should not imply an 
increase of road traffic noise. Even better, pavement change may 
be useful to reduce current traffic noise, acting as a compensa-
tory measure. It is especially important to carefully evaluate the 
use of conventional Portland cement concrete pavements due to 
their poor acoustic characteristics, avoiding its use in sensitive 
noise areas.

One of the easiest adaptations is the increased frequency of 
pavement replacement cycles, but this implies a greater use of 
materials, energy consumption and GHG emissions; the use 
of more resistant materials, to avoid shortening maintenance 
cycles, is a good measure to prevent this effect. If it is possible to 
lengthen these cycles, the mitigation is not only preventive, but 
also compensatory, reducing the current impacts of maintenance.

When increased maintenance is unavoidable, a corrective 
measure is in situ recycling of pavements, reducing the use of 
external materials, transport and GHG emission; applied widely, 
it can also improve the current situation. Also, the use of recy-
cled aggregates help to mitigate the impacts associated with 
an increased demand for thicker pavements or more frequent 
replacements.

Finally, some decisions on adaptation may have uncertain 
effects, so it is necessary to make a multi-criteria case-by-case 
assessment. For example, reducing the maximum permissible 
axle load has a positive effect on road pavements, limiting rutting, 
but it reduces transport efficiency and increases GHG emissions; 
only a detailed assessment could establish the best break-even 
point. Also, on unpaved roads it is necessary to analyse the degree 
of utilisation, social benefits, environmental impacts and costs 
(for paving and for repairing if not paved). As a general rule, 
all decisions, as well as new design standards or revisions, must 
incorporate environmental criteria to mitigate the potential 
impacts of adaptation from the design phase.

Conclusions

Climate change affects road pavements, making adaptation 
measures necessary, but these measures may also produce envi-
ronmental impacts. However, the impacts of climate change 
adaptation are usually ignored in the decision-making process.

The two main adaptation impacts are a more frequent pave-
ment replacement, with greater use of materials, energy and 
GHG emissions, and acoustic impacts related to pavement type 
change. In the first case, it is possible to mitigate the impacts 
using more resistant materials, in situ recycling of pavements, 
materials with a lower carbon footprint and machinery with 
greater energy efficiency. In the second case, it is essential to 
include the acoustic performance in decision-making for road 
pavement adaptation, avoiding changes that imply an increase 
of road traffic noise.

Disclosure statement
No potential conflict of interest was reported by the author.

http://orcid.org
http://orcid.org/0000-0002-8492-5216
http://www.cedex.es/NR/rdonlyres/872032C9-00FB-4DF4-BFA3-63C00B3E8DF1/122814/ACCITFinalreportSeptember2013.pdf
http://www.cedex.es/NR/rdonlyres/872032C9-00FB-4DF4-BFA3-63C00B3E8DF1/122814/ACCITFinalreportSeptember2013.pdf
http://www.cedex.es/NR/rdonlyres/872032C9-00FB-4DF4-BFA3-63C00B3E8DF1/122814/ACCITFinalreportSeptember2013.pdf
http://ec.europa.eu/clima/policies/adaptation/what/docs/swd_2013_137_en.pdf
http://ec.europa.eu/clima/policies/adaptation/what/docs/swd_2013_137_en.pdf


6   Á. ENRÍQUEZ-DE-SALAMANCA

Regmi, M.B. and Hanaoka, S., 2011. A survey on impacts of climate change 
on road transport infrastructure and adaptation strategies in Asia. 
Environmental Economics and Policy Studies, 13, 21–41.

Sandberg, U. and Ejsmont, J.A., 2002. Tyre/road noise reference book. Kisa: 
Informex.

Sirin, O., 2016. State-of-the-art review on sustainable design and 
construction of quieter pavements – part 2: factors affecting tire-
pavement noise and prediction models. Sustainability, 8, 692.

TRB, 2008. Potential impacts of climate change on U.S. transportation. 
Transportation Research Board. Available from: http://onlinepubs.trb.
org/onlinepubs/sr/sr290.pdf

USDOT, 2012. Impacts of climate change and variability on transportation 
systems and infrastructure: the Gulf Coast study, phase 2. Task 2: 
climate variability and change in mobile. AL: U.S. Department of 
Transportation, FHWA-HEP-12-053. Available from: http://www.
fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_
current_research/gulf_coast_study/phase2_task2/mobile_variability/
task2_main.pdf

White, P., et al., 2010. Modeling climate change impacts of pavement 
production and construction. Resources, Conservation and Recycling, 
54, 776–782.

Wistuba, M.P. and Walther, A., 2013. Consideration of climate change in 
the mechanistic pavement design. Road Materials and Pavement Design, 
14 (1), 227–241.

Zapata, C.E., et al., 2007. Incorporation of environmental effects in 
pavement design. Road Materials and Pavement Design, 8 (4), 667–693.

Muench, S. and Van Dam, T., 2015. Climate change adaptation for 
pavements. Federal Highway Administration (FHWA), FHWA-
HIF-15-015. Available from: https://www.fhwa.dot.gov/pavement/
sustainability/hif15015.pdf

Nemry, F. and Demirel, H., 2012. Impacts of climate change: a focus on road 
and rail transport infrastructures. Luxembourg: European Union, JRC 
Scientific and Policy Reports.

Ongel, A. and Harvey, J., 2010. Pavement characteristics affecting the 
frequency content of tire/pavement noise. Noise Control Engineering 
Journal, 58 (6), 563–571.

Ongel, A., et al., 2011. Comparison of surface characteristics and pavement/
tire noise of various thin asphalt overlays. Road Materials and Pavement 
Design, 9 (2), 333–344.

Paje, S.E., et al., 2010. Acoustic field evaluation of asphalt mixtures with 
crumb rubber. Applied Acoustics, 71, 578–582.

PIARC, 2012. Dealing with the effects of climate change on road pavements. 
Paris: World Road Association.Available from: http://www.piarc.org/
ressources/publications/5/16872,WEB-2012R06EN.pdf

PIARC, 2013. Quiet pavement technologies. Paris: World Road 
Association.Available from: http://media.cygnus.com/files/base/FCP/
whitepaper/2013/09/quieter-pavements_11179329.pdf

Praticò, F.G. and Anfosso-Lédée, F., 2012. Trends and issues in mitigating 
traffic noise through quiet pavements. Procedia Social and Behavioral 
Sciences, 53, 203–212.

RAE, 2011. Infrastructure, engineering and climate change adaptation – 
ensuring services in an uncertain future. London: The Royal Academy 
of Engineering.

http://onlinepubs.trb.org/onlinepubs/sr/sr290.pdf
http://onlinepubs.trb.org/onlinepubs/sr/sr290.pdf
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task2/mobile_variability/task2_main.pdf
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task2/mobile_variability/task2_main.pdf
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task2/mobile_variability/task2_main.pdf
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task2/mobile_variability/task2_main.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif15015.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif15015.pdf
http://www.piarc.org/ressources/publications/5/16872,WEB-2012R06EN.pdf
http://www.piarc.org/ressources/publications/5/16872,WEB-2012R06EN.pdf
http://media.cygnus.com/files/base/FCP/whitepaper/2013/09/quieter-pavements_11179329.pdf
http://media.cygnus.com/files/base/FCP/whitepaper/2013/09/quieter-pavements_11179329.pdf

	Abstract
	Introduction
	Impacts of climate change on road pavements
	Direct impacts
	Indirect impacts

	Adaptation to climate change of road pavements
	Environmental impacts of climate change adaptation
	Mitigation options for climate change adaptation impacts
	Conclusions
	Disclosure statement
	Funding
	References



