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The IPCC (Intergovernmental Panel on Climate Change) Working Group 2 report states that changes 

in climate have caused impacts on natural and human systems on all continents and across the 

oceans. Key risks from climate change are typically defined as warming trend, extreme 

temperature, precipitation, extreme precipitation, drying trend, and sea level rise. The impacts of 

climate change will be regional and depend on the level of adaptation and mitigation that is 

achievable. Transportation infrastructure is an engineered part of human systems and should be 

designed to withstand and adapt to climate change.  

A literature survey was carried out to compile recent information on climate change risks to bridges 

and support the development and maintenance of climate-resilient bridges. The survey showed 

that effects of climate change on bridges can be numerous. The most significant effects that bridge 

engineers must consider are increasing temperature and precipitation, increases in both the 

number of events and the magnitude of the events, and sea level rise. 

Bridge standards and manuals are increasingly including the consideration of risks associated with 

climate change. Because transportation infrastructure is exposed to different climate change risks, 

design provisions vary by region and country. A number of State Department of Transportation in 

the USA have developed bridge design manuals for at-risk bridges. The USA’s Federal Highway 

Administration (FHWA) has also issued design manuals and guidelines for the planning, design and 

operation of highways in river and costal environments. Likewise, Europe and Canada are also 

developing design standard for climate change adaptation.  

A literature survey performed using Google scholar showed that a limited number of research 

papers and reports are published on the climate change risk and adaptation strategies for highway 

bridges. The increase in maximum temperature, extreme precipitation events, and sea level rise 

will have a strong impact on durability, serviceability, safety, and functionality of bridges. Suggested 

adaptation strategies to accommodate climate change risks include replacement of expansion 

joints, upgrade of drainage systems, alteration of design-storm criteria, and relocation of bridges.  

Bridge managers and maintenance agencies must be aware of the risks of climate change and 

employ adaptation measures to reduce vulnerability and increase the resilience of bridges.   
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1. INTRODUCTION 

Climate change affects our everyday life and is becoming a critical element of the whole life cycle 

of road infrastructure including bridges. As the design life of bridges is typically more than 100 

years, bridges are more exposed to climate change risks than any other transportation 

infrastructure. Changes in temperature, precipitation, and sea level rise are expected to have a 

great impact on the safety and functionality of the bridges. Road agencies are aware of the impacts 

of climate change and have started to take necessary measures to increase the resilience of 

infrastructure assets.  

This literature review was prepared to share information on climate change risk and adaptation 

measures for road bridges. Recent publications on climate change impacts and adaptation for 

bridges were collected and reviewed. Bridge design standards and manuals dealing with climate 

change were also collected and compared.  
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2. METHODOLOGY 

A literature review was mainly conducted by using internet search engines. Bridge design standards 

and guidelines which include climate change mitigation concepts and measures were first reviewed 

to determine current design practice. Proposed changes in bridge standards and guidelines to limit 

climate change risks were also studied. 

Pubications on climate change risks and adaptation of road bridges were found through a literature 

search using Google Scholar. “Climate change” and “Bridge” were the main search terms used in 

this literature search.  
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3. STANDARDS AND GUIDELINES 

Bridges are designed to withstand various external loadings including climate events. A literature 

survey showed that design codes and specifications, which generally serve as standards in bridge 

design, have started to consider the impact of climate change.  

The Maine Department of Transportation (MDOT) [1, 2] updated their design provisions to include 

sea level rise for coastal built infrastructure and increased heavy precipitation events for inland 

bridges and culverts. According to the Bridge Design Guide by Maine DOT, the new bridges are 

required to consider the assessment of 4ft of Sea Level Rise (SLR) per 100 years. Maine DOT also 

updated the hydraulic standards for culverts. The updated design standards require culverts to be 

designed for a 100-year storm event; the prior design guidance was for a 25-year storm event. The 

bridge design guidance requires bridge replacements to be designed to have at least 2ft (0.6m) 

freeboard during the 50-year storm event and consider the effects of the 100-year storm event or 

the flood of record during design. 

 

Figure 1 Sea level rise concept drawing from Maine DOT [2] 

To accommodate climate change, the Virginia Department of Transportation (VDOT) [3] added a 

new chapter to its Bridge Design Manual 2020. The new chapter addresses the climatic factors that 

may affect bridges. The factors considered are as follows: temperature change, salinity, 

precipitation or rainfall intensity, and sea level rise (SLR).   

The Canadian Highway Bridge Design Code [4] is being updated to consider climate change and 

increase the resilience of bridges. The climate factors such as temperature, precipitation, snow and 

ice, and wind load will be updated to reflect anticipated climate change in Canada. 

The Eurocode has been used for more than ten years in European countries to design building and 

bridge structures. The development of a second generation EN Eurocode is being carried out to 

accommodate new knowledge and improve deficiencies. As the part of the revisions, climate 

change impacts are also being considered for the design and maintain of resilient infrastructure [5]. 

The effect of climate change was proposed to be taken into account by introducing “scaling factors” 

for wind velocity and temperature [6].    
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In 2017, the USA’s Federal Highway Administration (FHWA) issued a “Climate Change Adaptation 

Guide for Transportation Systems Management, Operations, and Maintenance” [7] to help 

transportation management, operations, and maintenance staff. In the guide, sea level rise, 

changes in freeze/thaw cycle, extreme temperature (heat & cold), storm surge, and wind are 

considered as “climate change stressors” that affect bridge maintenance needs and methods. It 

suggests that earlier or different maintenance may be necessary for bridges due to changes in 

climate.  

In 2016, the FHWA published Highway Engineering Circular (HEC)-17 manual for the highways in 

the river environment [8] which are subjected to extreme weather events and climate change. For 

the climate change adaptation assessments of transportation facilities in a river environment, the 

HEC-17 manual suggests using an analysis framework to quantify exposure to extreme flood events 

and reduce vulnerability. 

In 2020, FHWA revised the HEC-25 manual for coastal transportation infrastructure subjected to 

extreme events such as storms, tsunamis and possible sea level rise [9]. The manual points out that 

sea level rise will increase the vulnerability of many existing coastal bridges and proposes a revised 

method to estimate wave loads on a bridge deck. The manual also provides adaptation strategies 

such as  providing redundancy, protection or accommodation, and relocation.   
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4. LITERATURE ON RISK AND ADAPTATION 

The latest research papers and publications dealing with climate change risks and adaptation 

strategies for bridges were reviewed to find concepts and approaches for climate change 

adaptation. A literature survey using Google scholar showed that a limited number of papers are 

available on the subject.  

Markolf et el. [10] examined vulnerability and resilience of transportation systems to climate 

change and extreme weather. The considered climate-change impacts on transportation system 

included temperature changes, precipitation changes and sea level rise/coastal rising. In the paper, 

possible impacts and adaptation strategies are summarized for transportation infrastructure 

including bridges. Only impacts and actions related to bridges are summarized in Table 1. 

Table 1 Possible impacts and adaptation strategies for a bridge [5] 

 
Increase in Maximum 
Temperature/ Extreme 
heat events 

Increased rainfall/ Extreme 
precipitation events 

Sea level rising/Storm surge/ 
Coastal flooding 

Impacts - Failed expansion joints 

- Bridge scour/washout 

- Reduced structural integrity 
from soil moisture 

- Erosion of bridge 
supports/bridge scouring 

Actions - Replace expansion joints 

- Alter design-storm criteria 

- Fortify bridge piers and 
abutments 

- Relocation/retreat of 
roads and infrastructure 

Palu and Mahmoud [11] studied impact of climate change on deteriorated bridges in the USA. They 

found that clogged expansion joints coupled with temperature change can damage superstructures 

of simply supported steel girder bridges by introducing additional thermal axial stresses.  

Nasr et al. [12] identified climate change factors that could affect bridges and potential climate-

change risks to bridges by reviewing almost 200 research papers. Climate change factors relevant 

to bridges are temperature, heat wave, solar radiation, precipitation, snowfall, relative humidity, 

wind, soil salinity, storm, sea level, carbon concentration, ocean temperature, run-off, near surface 

permafrost area, ocean surface pH, fog, and water level in rivers. Identified potential risks are 

classified into several groups as shown in Figure 1. However, some of the risks seem to be indirectly 

related to bridges. 
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Durability Accelerated degradation of superstructures

Accelerated degradation of substructures

Heat-induced damage to pavements and 
railways

Serviceability 
risks

Risk of long-term deformations

Geotechnical 
risks

Higher scour rates

Higher risk of bridge slope failure

Higher risk of land slide

Higher risk of foundation settlement

Higher risk of bridge slope failure

Higher risk of rockfalls, debris flows, and 
snow avalanches 

Higher risk of soil liquefaction 

Additional loads on piles that may 
overstress them

Damage due to clay shrinkage and swelling

Increased 
demand risks

Higher wave impact on piers and abutments

Higher risk of wind-induced loads

Additional snow loads on covered bridges

Higher risk of wind-induced loads

Higher risk of thermally induced stresses

Additional demand on drainage capacity

Higher hydrostatic pressure behind bridge 
abutment

Higher risk of wind-induced loads

Increased load on bridges with control sluice 
gates

Increased stress due to the faster loss of 
prestressing force

Higher ice-induced loads

Higher chance of water vessel collisionsAccidental loads 
risks

Higher chance of vehicle-pier collisions, 
vehicle accidents, and train-pier collisions

Increase in intensity and/or frequency of 
floods

Extreme 
natural events 

risks
Increase in intensity and/or frequency of 
storms

Increase in intensity and/or frequency of 
wildfires

Additional operational costs for snow 
removal

Operational 
risks

More frequent temporary bridge 
restrictions

Increased risk of power shortage
 

Figure 2 Climate change risks to bridges [6] 

Potential impacts of climate change on bridges and possible adaptation methods were summarized 

by Nasr et al. [13]. Based on the previous paper on the same topic [7], possible adaptation methods 

were proposed for each impact in detail. Some climate change impacts and adaptations from Nasr 

et al. [13] are shown in Table 2. 
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Potential impacts Adaptation 

Accelerated 
degradation of 
material 

- Cathodic protection 

- Increase in concrete cover thickness, improve quality of concrete, 
protective surface coatings and barriers, use of stainless steel, 
galvanized reinforcement, corrosion inhibitors 

Heat induced 
damages to 
pavements and 
rails 

- Use of polymer modified binder 

- More frequent maintenance 

- More expansion joints in pavements and rails 

Increased long-
term deformations 

- Improved monitoring and inspection of bridges 

Increased sour rate 

- Use of riprap 

- Partially grouted riprap, concrete block systems, gabion mattresses, 
grout-filled mattresses 

- Upstream walls and obstructions, collars, etc. 

Debris flows 
- Terrain alteration, soil bioengineering, debris flow breakers, debris flow 

deflectors, etc. 

Wind-induced 
loads 

- Use of guide vane 

- Streamlining the bridge deck cross section for suppressing vortex 
shedding excitations 

- Use of damping devices 

Higher risk of 
thermally-induced 
stresses 

- Increased ongoing maintenance 

- Design for higher maximum temperatures in replacement or new 
construction 

Additional demand 
on drainage 
capacity 

- Upgrading drainage systems 

- Increases in the standards for drainage capacity for bridges 

Ice-induced loads 
- Scour protection measures to prevent scour damage 

- Pier protection against the impact from ice flues 
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Floods 

- Relocation or flood-proofing 

- Flood control seawalls, dikes, and levees 

- Elevation of bridges, strengthening and heightening of existing levees, 
increase in real-time monitoring of flood levels, restriction of most 
vulnerable coastal areas from further development, increase insurance 
rates to help restrict development  

Table 2 Potential impacts and adaptation 
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5. CONCLUSIONS AND NEXT STEPS  

The literature survey showed that effects of climate change on bridges can be numerous. Most 

significant effects that bridge engineers have to consider are increasing temperature, increasing 

precipitation, and sea level rise. 

It was found that an increasing number of bridge standards and manuals have included or are going 

to include risks associated with climate changes. Because transportation infrastructures are 

exposed to different climate change risks, design provisions vary by region and country. A number 

of State Department of Transportation in the USA have developed bridge design manuals for risks 

to bridges. The Federal Highway Administration (FHWA) in the USA has also issued design manuals 

and guidelines for highways in river and costal environments. In addition, Europe and Canada are 

also developing design standard for climate change adaptation. However, climate change will have 

serious impacts on the bridge infrastructure around the world, in low- and middle-income countries 

as well as high-income countries. 

A literature survey performed using Google scholar showed that a limited number of research 

papers and reports are published on climate change risks and adaptation strategies for highway 

bridges. The increase in maximum temperature, extreme precipitation events, and sea level rise 

will have a strong impact on durability, serviceability, safety, and functionality of bridges. Some 

suggested adaptation strategies to accommodate climate change risks include replacement of 

expansion joints, upgrade of drainage systems, alteration of design-storm criteria, and relocation 

of bridges.  Bridge managers and maintenance agencies around the world including low- and 

middle-income countries as well as high-income countries must be aware of risks imposed by 

climate change and employ adaptation measures to reduce vulnerability and increase the resilience 

of bridges.  
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6. RECOMMENDATIONS 

6.1. RECOMMENDATIONS FOR DECISIONS MAKERS  

6.1.1. Recommendation 1: Design and maintenance of climate change-resilient bridges 

Climate conditions and climate change risks will vary by country and region. However, climate 

change will have serious impacts on bridge infrastructure around the globe. Design provision 

changes may be needed to increase resilience and adaptability of bridges against  climate change 

risks such as increased temperature, heavy precipitation, and sea level rise. Adequate bridge 

maintenance will be the most efficient way of reducing climate change impacts on highway bridges 

6.2. RECOMMENDATIONS FOR PIARC 

6.2.1. Recommendation A: Further studies on climate change impact 

Climate change impacts can pose enormous risks to the safety and durability of highway bridges. 

Further studies and more understanding are needed on the impacts of climate change on bridges.   
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