CLIMATE CHANGE IMPACT ON INFRASTRUCTURE

THE BUILDING BLocks oF SocleTY UNDER THREAT: UNDERSTANDING CLIMATE CHANGE IMPACT ON INFRASTRUCTURE

CLIMATE CHANGE IMPACT ON INFRASTRUCTURE IS A COMPLEX AND ESCALATING GLOBAL CHALLENGE, THREATENING THE VERY
FOUNDATIONS OF OUR MODERN SOCIETY. FROM TRANSPORTATION NETWORKS AND ENERGY GRIDS TO WATER SYSTEMS AND
BUILDINGS, THE PHYSICAL ASSETS WE RELY ON DAILY ARE INCREASINGLY VULNERABLE TO THE AMPLIFIED EFFECTS OF A W ARMING
PLANET. THIS COMPREHENSIVE ARTICLE DELVES INTO THE MULTIFACETED WAYS CLIMATE CHANGE IS RESHAPING OUR
INFRASTRUCTURE, EXPLORING THE SPECIFIC THREATS POSED BY RISING TEMPERATURES, ALTERED PRECIPITATION PATTERNS, SEA-
LEVEL RISE, AND EXTREME WEATHER EVENTS. WE WILL EXAMINE THE CASCADING CONSEQUENCES OF THESE IMPACTS, INCLUDING
ECONOMIC LOSSES, PUBLIC SAFETY RISKS, AND DISRUPTIONS TO ESSENTIAL SERVICES, WHILE ALSO HIGHLIGHTING THE CRITICAL
NEED FOR ADAPTIVE AND RESILIENT INFRASTRUCTURE PLANNING AND INVESTMENT TO SAFEGUARD OUR FUTURE.
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UNDERSTANDING THE DRIVERS OF CLIMATE CHANGE IMPACT ON
INFRASTRUCTURE

THE PRIMARY DRIVERS BEHIND THE CLIMATE CHANGE IMPACT ON INFRASTRUCTURE ARE ROOTED IN FUNDAMENTAL SHIFTS IN
EARTH'S CLIMATE SYSTEM. THESE SHIFTS ARE NOT ABSTRACT SCIENTIFIC CONCEPTS BUT MANIFEST AS TANGIBLE
ENVIRONMENTAL CHANGES THAT DIRECTLY STRESS ENGINEERED SYSTEMS. UNDERSTANDING THESE DRIVERS IS CRUCIAL FOR
COMPREHENDING THE SCALE AND NATURE OF THE THREATS FACING OUR BUILT ENVIRONMENT. THE GREENHOUSE GAS EMISSIONS,
LARGELY FROM HUMAN ACTIVITIES LIKE BURNING FOSSIL FUELS AND DEFORESTATION, TRAP HEAT IN THE ATMOSPHERE, LEADING
TO A GRADUAL BUT PERSISTENT RISE IN GLOBAL AVERAGE TEMPERATURES. THIS WARMING IS THE BEDROCK UPON WHICH MOST
OTHER CLIMATE-RELATED INFRASTRUCTURE IMPACTS ARE BUILT.

RisING GLoBAL TEMPERATURES AND HEAT STRESS

INCREASED AMBIENT TEMPERATURES DIRECTLY AFFECT THE PERFORMANCE AND LONGEVITY OF VARIOUS INFRASTRUCTURE
COMPONENTS. For INSTANCE, ASPHALT PAVEMENTS CAN SOFTEN AND DEFORM UNDER PROLONGED HEAT, LEADING TO RUTTING
AND INCREASED MAINTENANCE COSTS. BRIDGES AND OTHER CONCRETE STRUCTURES CAN EXPERIENCE THERMAL EXPANSION AND
CONTRACTION CYCLES THAT ACCELERATE MATERIAL FATIGUE AND CRACKING. ELECTRICAL GRIDS FACE HIGHER DEMAND DURING
HEATWAVES DUE TO INCREASED AIR CONDITIONING USE, STRAINING THEIR CAPACITY AND INCREASING THE RISK OF BLACKOUTS.
FURTHERMORE, ELEVATED TEMPERATURES CAN EXACERBATE THE DEGRADATION OF MATERIALS LIKE PLASTICS AND RUBBER USED IN
PIPES, CABLES, AND SEALS, SHORTENING THEIR SERVICE LIFE.

ALTERED PRECIPITATION PATTERNS AND W ATER MANAGEMENT CHALLENGES

CLIMATE CHANGE IS SIGNIFICANTLY ALTERING THE GLOBAL WATER CYCLE, LEADING TO MORE EXTREME PRECIPITATION EVENTS.
THIS MEANS REGIONS ARE EXPERIENCING BOTH MORE INTENSE RAINFALL AND LONGER PERIODS OF DROUGHT. INTENSE RAINFALL CAN
OVERWHELM URBAN DRAINAGE SYSTEMS, LEADING TO WIDESPREAD FLOODING, DAMAGE TO ROADS, AND EROSION OF
EMBANKMENTS. CONVERSELY, PROLONGED DROUGHTS CAN LEAD TO SUBSIDENCE OF SOILS, IMPACTING FOUNDATIONS OF



BUILDINGS AND INFRASTRUCTURE, AND CAN DEPLETE WATER SOURCES ESSENTIAL FOR POWER GENERATION AND INDUSTRIAL
PROCESSES. CHANGES IN SNOWPACK ACCUMULATION AND MELT PATTERNS ALSO AFFECT WATER AVAILABILITY FOR
HYDROELECTRIC POWER AND IRRIGATION, HIGHLIGHTING THE INTERCONNECTEDNESS OF WATER RESOURCES AND INFRASTRUCTURE.

SeA-LeVEL Rise AND COASTAL INFRASTRUCTURE VULNERABILITY

THE MELTING OF GLACIERS AND ICE SHEETS, COUPLED WITH THE THERMAL EXPANSION OF OCEAN WATER, IS CAUSING A STEADY
RISE IN GLOBAL SEA LEVELS. THIS POSES A DIRECT AND EXISTENTIAL THREAT TO COASTAL INFRASTRUCTURE, INCLUDING PORTS,
AIRPORTS, POWER PLANTS, WASTEWATER TREATMENT FACILITIES, AND RESIDENTIAL AND COMMERCIAL BUILDINGS SITUATED IN
LOW-LYING AREAS. INCREASED FREQUENCY AND INTENSITY OF STORM SURGES, AMPLIFIED BY HIGHER SEA LEVELS, CAN INUNDATE
THESE AREAS, CAUSING CATASTROPHIC DAMAGE AND DISRUPTING CRITICAL SERVICES. CoAsTAL EROSION, EXACERBATED BY
RISING SEAS, CAN UNDERMINE PROTECTIVE BARRIERS AND NATURAL DEFENSES, FURTHER EXPOSING INFRASTRUCTURE TO THE
ELEMENTS.

INCREASED FREQUENCY AND INTENSITY OF EXTREME WEATHER EVENTS

PERHAPS THE MOST VISIBLE AND IMMEDIATE THREAT TO INFRASTRUCTURE COMES FROM THE INCREASING FREQUENCY AND
INTENSITY OF EXTREME WEATHER EVENTS. HURRICANES, CYCLONES, TYPHOONS, FLOODS, DROUGHTS, WILDFIRES, AND SEVERE
STORMS ARE BECOMING MORE COMMON AND MORE POWERFUL. THESE EVENTS CAN CAUSE WIDESPREAD DESTRUCTION TO
TRANSPORTATION NETWORKS, INCLUDING ROADS, BRIDGES, AND RAILWAYS, SEVERING SUPPLY CHAINS AND IMPEDING EMERGENCY
RESPONSE. POWER LINES ARE FREQUENTLY DOWNED BY HIGH WINDS AND DEBRIS, LEADING TO PROLONGED OUTAGES. BuiLDINGS
AND HOMES CAN BE DAMAGED OR DESTROYED BY HIGH WINDS, FLYING DEBRIS, AND FLOODING. THE ECONOMIC AND HUMAN TOLL
OF THESE EVENTS IS IMMENSE, UNDERSCORING THE NEED FOR ROBUST DISASTER PREPAREDNESS AND INFRASTRUCTURE RESILIENCE.

SpeciFIC CLIMATE CHANGE IMPACTS ON DIFFERENT INFRASTRUCTURE SECTORS

THE PERVASIVE NATURE OF CLIMATE CHANGE MEANS THAT VIRTUALLY EVERY SECTOR OF INFRASTRUCTURE IS SUSCEPTIBLE TO
ITS EFFECTS, ALBEIT IN VARIED WAYS. THE SPECIFIC MANIFESTATIONS OF CLIMATE CHANGE IMPACT ON INFRASTRUCTURE OFTEN
DEPEND ON GEOGRAPHICAL LOCATION, THE TYPE OF STRUCTURE, AND THE MATERIALS USED IN ITS CONSTRUCTION.
UNDERSTANDING THESE SECTOR-SPECIFIC VULNERABILITIES IS ESSENTIAL FOR TARGETED ADAPTATION AND MITIGATION
STRATEGIES.

TRANSPORTATION NETWORKS: ROADS, BRIDGES, AND RAILWAYS

TRANSPORTATION INFRASTRUCTURE IS PARTICULARLY VULNERABLE. RISING TEMPERATURES CAUSE ASPHALT ROADS TO SOFTEN
AND BUCKLE, REQUIRING MORE FREQUENT REPAIRS AND REDUCING THEIR LIFESPAN. EXTREME HEAT CAN ALSO LEAD TO THE
EXPANSION OF RAILWAY TRACKS, INCREASING THE RISK OF DERAILMENTS. INCREASED HEAV'Y RAINFALL AND FLOODING CAN WASH
AWAY ROADBEDS, DAMAGE BRIDGES THROUGH SCOUR AT THEIR FOUNDATIONS, AND DISRUPT RAIL OPERATIONS. CoAsTAL
ROADS AND RAILWAYS ARE THREATENED BY SEA-LEVEL RISE AND STORM SURGES, LEADING TO INUNDATION AND EROSION.
CHANGES IN PERMAFROST THAW IN COLDER REGIONS CAN DESTABILIZE ROAD AND RAIL FOUNDATIONS, CREATING SIGNIFICANT
CHALLENGES FOR MAINTENANCE AND NEW CONSTRUCTION.

ENERGY SYSTEMS: POWER GRIDS AND GENERATION FACILITIES

THE ENERGY SECTOR IS A CRITICAL NEXUS OF CLIMATE CHANGE IMPACTS. POWER GRIDS ARE STRESSED BY INCREASED DEMAND
DURING HEATWAVES FOR COOLING, WHILE EXTREME COLD CAN ALSO STRAIN CAPACITY FOR HEATING. FLOODING CAN DAMAGE



SUBSTATIONS AND UNDERGROUND POWER LINES, LEADING TO WIDESPREAD OUTAGES. COASTAL POWER PLANTS ARE AT RISK
FROM SEA-LEVEL RISE AND STORM SURGES. CHANGES IN WATER AVAILABILITY DUE TO ALTERED PRECIPITATION PATTERNS CAN
AFFECT HYDROELECTRIC POWER GENERATION AND THE COOLING OF THERMAL POWER PLANTS. EXTREME WEATHER EVENTS LIKE
HURRICANES AND WILDFIRES CAN DIRECTLY DAMAGE TRANSMISSION LINES AND GENERATION FACILITIES, DISRUPTING ENERGY
SUPPLY.

W ATER AND W ASTEWATER SYSTEMS: SUPPLY AND TREATMENT

W/ ATER INFRASTRUCTURE IS DIRECTLY CHALLENGED BY SHIFTS IN PRECIPITATION AND TEMPERATURE. DROUGHTS CAN DEPLETE
RESERVOIRS AND AQUIFERS, IMPACTING THE RELIABILITY OF WATER SUPPLY FOR BOTH MUNICIPAL AND INDUSTRIAL USE. INTENSE
RAINFALL EVENTS CAN OVERWHELM SEWAGE AND STORMWATER SYSTEMS, LEADING TO OVERFLOWS OF UNTREATED
WASTEWATER INTO RIVERS AND OCEANS, POSING PUBLIC HEALTH RISKS. SEA-LEVEL RISE CAN COMPROMISE COASTAL
WASTEWATER TREATMENT PLANTS, LEADING TO INFILTRATION OF SALTWATER AND POTENTIAL INUNDATION. W/ ARMER
TEMPERATURES CAN ALSO AFFECT THE QUALITY OF TREATED WATER AND INCREASE THE PROLIFERATION OF \WATERBORNE
PATHOGENS.

BUILDINGS AND URBAN INFRASTRUCTURE: HOUSING AND PuBLIC SPACES

THE BUILT ENVIRONMENT OF CITIES, INCLUDING HOMES, OFFICES, AND PUBLIC SPACES, FACES A RANGE OF CLIMATE-RELATED
THREATS. INCREASED TEMPERATURES CONTRIBUTE TO THE URBAN HEAT ISLAND EFFECT, MAKING CITIES HOTTER AND INCREASING
THE RISK OF HEAT-RELATED ILLNESSES. FLOODING FROM INTENSE RAINFALL AND SEA-LEVEL RISE CAN DAMAGE BUILDINGS, DISRUPT
BUSINESSES, AND DISPLACE RESIDENTS. EXTREME WINDS FROM STORMS CAN CAUSE STRUCTURAL DAMAGE TO BUILDINGS.

W/ ILDFIRES CAN THREATEN URBAN AND SUBURBAN AREAS, DESTROYING PROPERTY AND INFRASTRUCTURE. THE DESIGN AND SITING
OF NEW BUILDINGS MUST INCREASINGLY ACCOUNT FOR THESE EVOLVING CLIMATE RISKS.

COMMUNICATIONS NETWORKS: INTERNET AND TELECOMMUNICATIONS

THE DIGITAL INFRASTRUCTURE THAT UNDERPINS MODERN COMMUNICATION IS ALSO SUSCEPTIBLE. UNDERGROUND FIBER OPTIC
CABLES CAN BE DAMAGED BY FLOODING AND SOIL INSTABILITY CAUSED BY DROUGHT OR FREEZE-THAW CYCLES. ABOVE-GROUND
TELECOMMUNICATION TOWERS AND SATELLITE DISHES CAN BE DAMAGED BY HIGH WINDS AND SEVERE WEATHER. POWER
OUTAGES, OFTEN A CONSEQUENCE OF OTHER INFRASTRUCTURE FAILURES DUE TO CLIMATE IMPACTS, CAN DISRUPT INTERNET AND
MOBILE SERVICES. THE RELIANCE ON UNINTERRUPTED POWER MAKES COMMUNICATION NETWORKS INHERENTLY VULNERABLE TO THE
BROADER IMPACTS OF CLIMATE CHANGE ON THE ENERGY SECTOR.

CAscADING CONSEQUENCES OF INFRASTRUCTURE DAMAGE

THE IMPACTS OF CLIMATE CHANGE ON INFRASTRUCTURE ARE RARELY ISOLATED EVENTS; THEY OFTEN TRIGGER A CHAIN REACTION
OF NEGATIVE CONSEQUENCES THAT EXTEND FAR BEYOND THE INITIAL PHYSICAL DAMAGE. THESE CASCADING EFFECTS CAN HAVE
PROFOUND ECONOMIC, SOCIAL, AND PUBLIC HEALTH IMPLICATIONS, UNDERSCORING THE INTERCONNECTEDNESS OF OUR
INFRASTRUCTURE SYSTEMS AND THEIR VITAL ROLE IN SOCIETAL FUNCTIONING.

EconoMic DisrUPTIONS AND FINANCIAL LOSSES

THE DIRECT COSTS OF REPAIRING OR REPLACING DAMAGED INFRASTRUCTURE ARE SUBSTANTIAL. HO\X/EVER, THE INDIRECT
ECONOMIC LOSSES CAN BE EVEN GREATER. DISRUPTIONS TO TRANSPORTATION NETWORKS CAN HALT SUPPLY CHAINS, LEADING
TO SHORTAGES OF GOODS AND INCREASED PRICES. DAMAGE TO PORTS AND AIRPORTS CAN IMPEDE INTERNATIONAL TRADE.



POWER OUTAGES CAN SHUT DOWN BUSINESSES, LEADING TO LOST PRODUCTIVITY AND REVENUE. THE INCREASED FREQUENCY OF
EXTREME WEATHER EVENTS ALSO LEADS TO HIGHER INSURANCE PREMIUMS AND CAN DEPRESS PROPERTY VALUES IN VULNERABLE
AREAS. GOVERNMENTS FACE INCREASED EXPENDITURES ON DISASTER RELIEF AND REBUILDING EFFORTS, DIVERTING FUNDS FROM
OTHER ESSENTIAL PUBLIC SERVICES.

THREATS To PuBLIC SAFETY AND HEALTH

THE FAILURE OF CRITICAL INFRASTRUCTURE CAN HAVE SEVERE CONSEQUENCES FOR PUBLIC SAFETY AND HEALTH. FLOODED
ROADS AND BRIDGES CAN IMPEDE EMERGENCY RESPONSE SERVICES, SUCH AS AMBULANCES AND FIRE TRUCKS, DELAYING VITAL
ASSISTANCE TO THOSE IN NEED. W ATER CONTAMINATION FROM OVERWHELMED SEWAGE SYSTEMS CAN LEAD TO OUTBREAKS OF
W ATERBORNE DISEASES. POWER OUTAGES CAN AFFECT HOSPITALS, REFRIGERATION OF MEDICINES, AND THE OPERATION OF
CRITICAL LIFE-SUPPORT SYSTEMS. EXTREME HEAT EVENTS, EXACERBATED BY THE URBAN HEAT ISLAND EFFECT, CAN LEAD TO
HEATSTROKE AND OTHER HEALTH EMERGENCIES, PARTICULARLY FOR VULNERABLE POPULATIONS.

DiSrRUPTION OF ESSENTIAL SERVICES AND SOCIETAL FUNCTIONING

OUR MODERN WAY OF LIFE IS FUNDAMENTALLY DEPENDENT ON THE RELIABLE FUNCTIONING OF ESSENTIAL SERVICES PROVIDED BY
INFRASTRUCTURE. DISRUPTIONS TO ENERGY, WATER, COMMUNICATION, AND TRANSPORTATION NETWORKS CAN BRING SOCIETY
TO A STANDSTILL. BUSINESSES CANNOT OPERATE, SCHOOLS MAY CLOSE, AND DAILY ROUTINES ARE THROWN INTO DISARRAY.
THE ABILITY TO ACCESS FOOD, CLEAN WATER, AND HEALTHCARE CAN BE COMPROMISED. IN EXTREME CASES, WIDESPREAD
INFRASTRUCTURE FAILURE CAN LEAD TO SOCIAL UNREST AND A BREAKDOWN OF ORDER. | HE RESILIENCE OF SOCIETY IS DIRECTLY
TIED TO THE RESILIENCE OF ITS UNDERLYING INFRASTRUCTURE.

IMPACTS ON CRITICAL SECTORS AND INTERDEPENDENCIES

THE INTERDEPENDENCE OF DIFFERENT INFRASTRUCTURE SECTORS MEANS THAT A FAILURE IN ONE AREA CAN HAVE RIPPLE EFFECTS
ACROSS OTHERS. FoR EXAMPLE, A PROLONGED POWER OUTAGE CAN CRIPPLE WATER PUMPING STATIONS, LEADING TO WATER
SHORTAGES. DAMAGE TO TRANSPORTATION LINKS CAN PREVENT THE DELIVERY OF FUEL TO POWER PLANTS OR MAINTENANCE
CREWS TO REPAIR OTHER DAMAGED SYSTEMS. THE COMPLEX WEB OF DEPENDENCIES REQUIRES A HOLISTIC APPROACH TO
UNDERSTANDING AND MANAGING CLIMATE RISKS, RECOGNIZING THAT THE FAILURE OF ONE COMPONENT CAN COMPROMISE THE
INTEGRITY OF THE ENTIRE SYSTEM.

STRATEGIES FOR BUILDING CLIMATE-RESILIENT INFRASTRUCTURE

ADDRESSING THE CLIMATE CHANGE IMPACT ON INFRASTRUCTURE NECESSITATES A PROACTIVE AND STRATEGIC APPROACH
FOCUSED ON BUILDING RESILIENCE. THIS INVOLVES NOT ONLY REPAIRING AND REINFORCING EXISTING STRUCTURES BUT ALSO
FUNDAMENTALLY RETHINKING HOW WE DESIGN, BUILD, AND MAINTAIN OUR INFRASTRUCTURE FOR A CHANGING CLIMATE.
INVESTMENT IN RESILIENT INFRASTRUCTURE IS NOT MERELY AN EXPENSE; IT IS A CRUCIAL INVESTMENT IN OUR LONG-TERM
SECURITY AND PROSPERITY.

ADAPTATION AND REDESIGN OF EXISTING INFRASTRUCTURE

ADAPTING EXISTING INFRASTRUCTURE INVOLVES MAKING IT MORE ROBUST TO WITHSTAND PROJECTED CLIMATE IMPACTS. THIS
CAN INCLUDE ELEVATING CRITICAL FACILITIES IN FLOOD-PRONE AREAS, REINFORCING BRIDGES AGAINST STRONGER WINDS, OR
IMPROVING DRAINAGE SYSTEMS TO HANDLE MORE INTENSE RAINFALL. FOR TRANSPORTATION NETWORKS, THIS MIGHT INVOLVE
USING MORE HEAT-RESISTANT MATERIALS FOR ROADS AND RAILWAYS, OR DESIGNING ROUTES TO AVOID AREAS HIGHLY



SUSCEPTIBLE TO FLOODING OR EROSION. IN COASTAL ZONES, HARDENING DEFENSES LIKE SEAWALLS OR DEVELOPING NATURE~
BASED SOLUTIONS LIKE MANGROVE RESTORATION CAN PROTECT INFRASTRUCTURE FROM SEA-LEVEL RISE AND STORM SURGES.
THE GOAL IS TO EXTEND THE LIFESPAN AND IMPROVE THE PERFORMANCE OF EXISTING ASSETS IN THE FACE OF NEW
ENVIRONMENTAL REALITIES.

INTEGRATING CLIMATE PROJECTIONS INTO NEW INFRASTRUCTURE DESIGN

FOR NEW INFRASTRUCTURE PROJECTS, IT IS IMPERATIVE TO INCORPORATE FORW ARD-LOOKING CLIMATE PROJECTIONS INTO THE
DESIGN AND PLANNING PHASES. THIS MEANS CONSIDERING NOT JUST CURRENT ENVIRONMENTAL CONDITIONS BUT ALSO
ANTICIPATED CHANGES IN TEMPERATURE, PRECIPITATION, SEA LEVELS, AND EXTREME WEATHER EVENT FREQUENCIES OVER THE
LIFESPAN OF THE INFRASTRUCTURE. ENGINEERS AND PLANNERS MUST UTILIZE THE LATEST CLIMATE MODELS AND DATA TO INFORM
DECISIONS ABOUT SITING, MATERIAL SELECTION, AND ENGINEERING STANDARDS. BUILDING WITH FUTURE CLIMATE CONDITIONS IN
MIND FROM THE OUTSET IS FAR MORE COST-EFFECTIVE AND LESS DISRUPTIVE THAN RETROFITTING LATER.

NATURE-BASED SOLUTIONS AND GREEN INFRASTRUCTURE

NATURE-BASED SOLUTIONS OFFER A COMPLEMENTARY APPROACH TO TRADITIONAL ENGINEERING FOR BUILDING RESILIENCE. THESE
SOLUTIONS LEVERAGE NATURAL PROCESSES TO MANAGE ENVIRONMENTAL RISKS. FOR INSTANCE, RESTORING WETLANDS AND
COASTAL ECOSYSTEMS CAN ACT AS NATURAL BUFFERS AGAINST STORM SURGES AND FLOODING, PROTECTING INLAND
INFRASTRUCTURE. URBAN GREEN SPACES, PERMEABLE PAVEMENTS, AND GREEN ROOFS CAN HELP MANAGE STORMW ATER RUNOFF,
REDUCE THE URBAN HEAT ISLAND EFFECT, AND IMPROVE AIR AND WATER QUALITY. THESE SOLUTIONS OFTEN PROVIDE CO-
BENEFITS, SUCH AS HABITAT CREATION AND ENHANCED BIODIVERSITY, WHILE BEING COST-EFFECTIVE AND ADAPTABLE.

ENHANCED MONITORING, MAINTENANCE, AND EARLY W/ ARNING SYSTEMS

A ROBUST SYSTEM OF MONITORING, PROACTIVE MAINTENANCE, AND EFFECTIVE EARLY WARNING SYSTEMS IS CRUCIAL FOR
MANAGING CLIMATE CHANGE IMPACT ON INFRASTRUCTURE. REGULAR INSPECTIONS AND DATA COLLECTION CAN IDENTIFY
VULNERABILITIES BEFORE THEY BECOME CRITICAL FAILURES. PREDICTIVE MAINTENANCE, INFORMED BY CLIMATE DATA AND SENSOR
TECHNOLOGY, CAN PRIORITIZE REPAIRS AND UPGRADES. EARLY WARNING SYSTEMS FOR EXTREME WEATHER EVENTS CAN PROVIDE
COMMUNITIES AND INFRASTRUCTURE OPERATORS WITH ADVANCE NOTICE, ALLOWING FOR PROTECTIVE MEASURES TO BE TAKEN,
SUCH AS SHUTTING DOWN CERTAIN OPERATIONS OR EVACUATING AREAS, THEREBY MINIMIZING DAMAGE AND PROTECTING LIVES.

PoLicy, INVESTMENT, AND GOVERNANCE FRAMEWORKS

ULTIMATELY, BUILDING CLIMATE-RESILIENT INFRASTRUCTURE REQUIRES SUPPORTIVE POLICY FRAMEWORKS, SUSTAINED
INVESTMENT, AND EFFECTIVE GOVERNANCE. GOVERNMENTS AT ALL LEVELS NEED TO INTEGRATE CLIMATE RESILIENCE INTO
NATIONAL AND LOCAL INFRASTRUCTURE PLANS, SET CLEAR STANDARDS AND REGULATIONS, AND INCENTIVIZE PRIVATE SECTOR
INVESTMENT IN RESILIENT SOLUTIONS. PUBLIC-PRIVATE PARTNERSHIPS CAN PLAY A SIGNIFICANT ROLE IN FUNDING AND
IMPLEMENTING ADAPTATION MEASURES. TRANSPARENT DECISION-MAKING PROCESSES AND STAKEHOLDER ENGAGEMENT ARE
ESSENTIAL TO ENSURE THAT ADAPTATION EFFORTS ARE EQUITABLE AND ADDRESS THE NEEDS OF ALL COMMUNITIES,
PARTICULARLY THOSE MOST VULNERABLE TO CLIMATE IMPACTS.

THe ECoNoMIC AND SocCIAL IMPERATIVE FOR ACTION

THE ESCALATING CLIMATE CHANGE IMPACT ON INFRASTRUCTURE PRESENTS A CLEAR AND COMPELLING ECONOMIC AND SOCIAL
IMPERATIVE FOR ACTION. THE COSTS OF INACTION FAR OUTWEIGH THE INVESTMENTS REQUIRED TO BUILD RESILIENCE. PROACTIVE



ADAPTATION AND MITIGATION STRATEGIES ARE NOT MERELY ENVIRONMENTAL CONCERNS; THEY ARE FUNDAMENTAL TO ECONOMIC
STABILITY, PUBLIC SAFETY, AND THE CONTINUED FUNCTIONING OF OUR SOCIETIES. DELAYING THESE EFFORTS ONLY AMPLIFIES THE
RISKS AND BURDENS THAT FUTURE GENERATIONS WILL HAVE TO BEAR.

INVESTING IN CLIMATE-RESILIENT INFRASTRUCTURE IS AN INVESTMENT IN THE FUTURE. |T MEANS SAFEGUARDING OUR
TRANSPORTATION NETWORKS TO ENSURE THE EFFICIENT MOVEMENT OF GOODS AND PEOPLE, PROTECTING OUR ENERGY SYSTEMS
TO MAINTAIN POWER FOR HOMES AND BUSINESSES, AND SECURING OUR W ATER RESOURCES FOR PUBLIC HEALTH AND ECONOMIC
ACTIVITY. IT IS ABOUT CREATING COMMUNITIES THAT ARE NOT ONLY CAPABLE OF WEATHERING THE STORM BUT ALSO THRIVING
IN A CHANGING CLIMATE. THE TRANSITION TO MORE RESILIENT SYSTEMS ALSO PRESENTS OPPORTUNITIES FOR INNOVATION, JOB
CREATION, AND THE DEVELOPMENT OF NEW TECHNOLOGIES AND INDUSTRIES.

MOREOVER, THE SOCIAL EQUITY DIMENSION OF INFRASTRUCTURE RESILIENCE CANNOT BE OVERSTATED. |HE IMPACTS OF CLIMATE
CHANGE DISPROPORTIONATELY AFFECT VULNERABLE POPULATIONS, INCLUDING LOW~INCOME COMMUNITIES AND MARGINALIZED
GROUPS, WHO OFTEN LIVE IN AREAS MOST EXPOSED TO HAZARDS AND HAVE FEWER RESOURCES TO COPE WITH DISRUPTIONS.
BUILDING RESILIENT INFRASTRUCTURE MUST THEREFORE INCLUDE A COMMITMENT TO EQUITABLE OUTCOMES, ENSURING THAT
ADAPTATION EFFORTS PROTECT ALL MEMBERS OF SOCIETY AND DO NOT EXACERBATE EXISTING INEQUALITIES. THE LONG-TERM
PROSPERITY AND WELL-BEING OF OUR GLOBAL SOCIETY DEPEND ON OUR ABILITY TO ADAPT AND BUILD ROBUST
INFRASTRUCTURE THAT CAN WITHSTAND THE CHALLENGES OF A CHANGING CLIMATE.

FAQ

QZ \WHAT ARE THE PRIMARY WAYS CLIMATE CHANGE IMPACTS ROAD INFRASTRUCTURE?

A: CLIMATE CHANGE IMPACTS ROAD INFRASTRUCTURE PRIMARILY THROUGH INCREASED TEMPERATURES CAUSING PAVEMENT
SOFTENING AND BUCKLING, MORE INTENSE RAINFALL LEADING TO FLOODING AND EROSION OF ROADBEDS, AND FREEZE-THAW
CYCLES EXACERBATING CRACK FORMATION. COASTAL ROADS ARE ALSO THREATENED BY SEA-LEVEL RISE AND STORM SURGES,
CAUSING INUNDATION AND EROSION.

Q: How DOES CLIMATE CHANGE AFFECT THE RELIABILITY OF THE ELECTRIC GRID?

A: THE ELECTRIC GRID IS AFFECTED BY CLIMATE CHANGE THROUGH INCREASED DEMAND FOR COOLING DURING HEATWAVES, WHICH
STRAINS CAPACITY AND INCREASES THE RISK OF BLACKOUTS. EXTREME WEATHER EVENTS LIKE HURRICANES AND WILDFIRES CAN
DAMAGE TRANSMISSION LINES AND SUBSTATIONS. COASTAL POWER PLANTS ARE VULNERABLE TO SEA-LEVEL RISE AND STORM
SURGES, AND CHANGES IN WATER AVAILABILITY CAN IMPACT HYDROELECTRIC POWER GENERATION AND COOLING FOR THERMAL
PLANTS.

QI WHAT ARE THE RISKS OF SEA-LEVEL RISE TO PORT INFRASTRUCTURE?

A: SEA-LEVEL RISE POSES SIGNIFICANT RISKS TO PORT INFRASTRUCTURE, INCLUDING INCREASED FREQUENCY OF INUNDATION FROM
HIGH TIDES AND STORM SURGES, WHICH CAN DISRUPT OPERATIONS AND DAMAGE FACILITIES. EROSION EXACERBATED BY RISING
SEAS CAN UNDERMINE DOCKS AND SUPPORT STRUCTURES, AND SALTWATER INTRUSION CAN CORRODE EQUIPMENT AND
MATERIALS, LEADING TO ACCELERATED DEGRADATION.

QZ How CAN URBAN DRAINAGE SYSTEMS COPE WITH MORE INTENSE RAINFALL EVENTS
DUE TO CLIMATE CHANGE?

A: To COPE WITH MORE INTENSE RAINFALL, URBAN DRAINAGE SYSTEMS CAN BE ENHANCED THROUGH THE IMPLEMENTATION OF
GREEN INFRASTRUCTURE LIKE PERMEABLE PAVEMENTS, RAIN GARDENS, AND GREEN ROOFS, WHICH ABSORB AND FILTER
STORMWATER. TRADITIONAL GRAY INFRASTRUCTURE CAN BE UPGRADED WITH LARGER PIPES AND IMPROVED CAPACITY, AND
DETENTION BASINS CAN BE UTILIZED TO TEMPORARILY STORE EXCESS WATER, RELEASING IT SLOWLY TO PREVENT
OVERWHELMING DOWNSTREAM SYSTEMS.



QI \WHAT ROLE DO NATURE-BASED SOLUTIONS PLAY IN PROTECTING INFRASTRUCTURE
FROM CLIMATE IMPACTS?

A: NATURE-BASED SOLUTIONS LEVERAGE NATURAL ECOSYSTEMS TO PROTECT INFRASTRUCTURE. FOR INSTANCE, RESTORING
COASTAL WETLANDS AND MANGROVE FORESTS ACTS AS NATURAL BARRIERS AGAINST STORM SURGES AND FLOODING. |NLANDI
TREE PLANTING AND URBAN GREEN SPACES CAN HELP MANAGE STORMW ATER RUNOFF, REDUCE EROSION, AND MITIGATE THE URBAN
HEAT ISLAND EFFECT, THEREBY LESSENING THE STRESS ON BUILT INFRASTRUCTURE.

QZ How DOES CLIMATE CHANGE IMPACT THE STABILITY OF BUILDINGS?

A: CLIMATE CHANGE CAN IMPACT BUILDING STABILITY THROUGH SEVERAL MECHANISMS. INCREASED FREQUENCY OF EXTREME WIND
EVENTS CAN STRESS STRUCTURAL INTEGRITY. CHANGES IN SOIL MOISTURE DUE TO PROLONGED DROUGHTS OR EXCESSIVE
RAINFALL CAN LEAD TO GROUND SUBSIDENCE OR EXPANSION, AFFECTING FOUNDATIONS. IN COASTAL AREAS, RISING SEA LEVELS
AND INCREASED STORM SURGES CAN LEAD TO INUNDATION AND DAMAGE TO LOWER LEVELS OF BUILDINGS.

Q: WHAT ARE THE ECONOMIC CONSEQUENCES OF CLIMATE-INDUCED INFRASTRUCTURE
FAILURE?

A: ECONOMIC CONSEQUENCES OF INFRASTRUCTURE FAILURE INCLUDE DIRECT COSTS OF REPAIR AND REPLACEMENT, SIGNIFICANT
INDIRECT COSTS FROM SUPPLY CHAIN DISRUPTIONS, BUSINESS CLOSURES, REDUCED PRODUCTIVITY, AND INCREASED INSURANCE
PREMIUMS. GOVERNMENT BUDGETS ARE STRAINED BY DISASTER RELIEF AND REBUILDING EFFORTS, POTENTIALLY DIVERTING FUNDS
FROM OTHER ESSENTIAL SERVICES.
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