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Infrastructure and Climate Change

Henry Lee

As the world focuses on the COVID-19 pandemic, the disruptive real ity of global 
climate change looms on the horizon. Its implications for public infrastructure 
could be im mense. Forest fires in Australia, Siberia, and California; rec ord cold 
in Texas; droughts in southern India and South Africa; intense hurricanes and 
floods in the United States and the Philippines; and the melting of the Arctic 
ice sheet are all harbingers of what a changing climate has in store.

Climate change is a diff er ent environmental prob lem from  others we cur-
rently face. Unlike most air pollutants that descend back to Earth, carbon emis-
sions can stay in the atmosphere for centuries.  These cumulative emissions, 
regardless of where and when produced, increase the frequency and intensity 
of changing climate patterns. As pointed out by Martin Weitzman and Gernot 
Wagner (2015, 7) in their book Climate Shock, “Climate change is unlike any 
other environmental prob lem,  really unlike any other public policy prob lem. It’s 
almost uniquely global, uniquely long- term, uniquely irreversible, and uniquely 
uncertain— certainly unique in the combination of all four.” The impact of climate 
change on infrastructure ser vices  will be integral to the world’s economy. How 
we power our factories, buildings, and homes, allocate and treat our  water, and 
transport  people and goods may look very diff er ent 30 years from now.

While it is true that uncertainty surrounds both the impacts of and the 
responses to climate change, the direction is clear. The effects  will be more disrup-
tive in 2050 than  today. More floods, droughts, fires, and heat waves  will occur. 
While countries may strug gle to transition their economies, escalating climate 
impacts may force them to accelerate their efforts.

Climate policy makers distinguish between mitigation and adaptation 
strategies for dealing with global warming. Mitigation strategies seek to slow 
or reverse global climate change by reducing total carbon emissions, while adap-
tation strategies seek to reduce the harmful effects of global warming by invest-
ing in infrastructure, settlement patterns, and other mea sures that leave us less 
vulnerable.
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This chapter can be divided into three parts. In the first, I focus on how 
jurisdictions may adapt to the growing threats of climate change. No single 
optimal adaptation strategy exists, since the impacts are localized. The threat to 
one region  will differ from the threat to another region. Impacts may change in 
scope, magnitude, and character from one period to the next. Responsibility for 
designing and implementing adaptation responses  will fall on city and subnational 
governments, not on national governments. Effective policies  will emerge at lower 
levels of government in a true bottom-up pro cess.

In the second section, I consider the implications for infrastructure of both 
adaptation and mitigation goals, particularly the increasingly popu lar goal of 
net zero emissions by 2050— a goal that 77 countries committed to by the end 
of 2020. Net zero means that the residual green house gases produced are offset 
by the green house gases sequestered or removed from the atmosphere. Getting 
net zero commitments from as many countries as pos si ble is impor tant, since 
it is impossible to exclude a country from benefiting from emission reductions 
elsewhere and thus from free- riding on the efforts of  others.

If countries are to meet their net zero commitments, the magnitude of the 
investments in new or improved infrastructure  will be unpre ce dented. The electric-
ity sector  will be the most affected, as heating and electricity are weaned from oil 
to wind, solar, and other non- fossil- fueled sources. Power  will be dispatched over 
increasingly complex and sophisticated transmission and distribution systems. In 
the transportation sector, roads, airports, and other basic infrastructure are likely 
to stay the same, however, planes, cars, and other vehicles may be powered by 
electricity, hydrogen, or biofuels.

A warmer world  will mean more extreme precipitation in some areas and faster 
evaporation and more droughts in  others (Intergovernmental Panel on Climate 
Change 2014).  These disparities  will grow over time. The areas that find them-
selves with insufficient fresh  water  will have to choose between building costly 
desalination plants, importing fresh  water, or rationing by price or other means.

In the final section, I examine four governance challenges that underlie the 
climate mitigation and adaptation options: (1) the allocation of responsibility 
within governments for planning, implementing, and funding climate initiatives; 
(2) the siting pro cess to approve infrastructure essential to the low carbon transi-
tion; (3) the treatment of physical and  human stranded assets; and (4) the greater 
use of preventive investments as opposed to investing only in post disaster recovery.

The discussions of the likely adaptation and mitigation prob lems, policies, 
and technologies assume a po liti cal and administrative environment similar to 
that of the United States or other OECD countries. This is in part  because the 
United States has among the highest per capita green house gas emissions in 
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the world, which makes achieving mitigation targets more difficult and the 
magnitude of the adaptation challenges much larger.

Of all the climate topics that  were left out of this chapter, the greatest loss 
is environmental justice. Where and how infrastructure is built, maintained, 
and updated can have enormous equity impacts.  These issues are not addressed 
 here; however, they must be mentioned to ensure that when socie ties mitigate 
climate change and adapt infrastructure,  these transitions are done in ways that 
are inclusive and equitable, in par tic u lar to communities that have previously 
borne disproportionate environmental burdens.

Adaptation

What is climate adaptation? According to the 1992 United Nations Framework 
Convention on Climate Change, “Adaptation refers to adjustments in ecological, 
social, or economic systems in response to  actual or expected climatic stimuli and 
their effects or impacts” (United Nations n.d.). Specifically, climate resilience 
is defined by the National Academies of Sciences, Engineering, and Medicine 
(2012, 1) as “the ability to prepare and plan for, absorb, recover from, and more 
successfully adapt to adverse events.” Together, climate change adaptation and 
resilience are efforts to reduce  future harm to  humans, the environment, and 
physical assets.

The types of threats from climate- induced disasters differ from one part 
of the United States to another and are highly localized. The homeowner in 
central California, for example, does not worry about floods from sea surge, while 
someone from Miami, Florida, does not worry about forest fires.

In most instances, the responsibility to adapt to threats— particularly natu ral 
disasters— falls on the individual property owner. If a huge rainstorm floods one’s 
 house, the responsibility of pumping out the basement and repairing the damage 
lies with the homeowner, and many homeowners hedge this risk by purchasing 
insurance. From a taxpayer’s perspective, it is impor tant to have property  owners 
retain as much of the risk as pos si ble. If the risk increases, property  owners can 
 either make investments to render their property more resilient or move.

Economists argue that if the benefits of decisions to protect properties 
threatened by the impacts from climate change are enjoyed by local property 
 owners, the costs should be borne by  those  owners. If this is the case, why should 
governments be involved? Where are the market failures?

First, some property  owners may not have the financial capacity to  either 
recover from a disaster or take action to reduce the threat. Hence, financial 
assistance from the government to provide subsidized insurance or to rebuild 
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 after a disaster is essential. What governments have historically not provided is 
assistance to purchase the properties (and move  house holds or commercial opera-
tions to a safer location) or subsidies to make properties more resilient. This topic 
is discussed in more depth  later in this chapter.

Second,  there can be significant asymmetric knowledge. For example, coastal 
property  owners do not own monitoring stations out in the ocean, while national 
governments do and thus can track weather phenomena such as hurricanes. On 
the other hand, local governments understand where the risks of floods or fires 
are greatest and can use their zoning powers to restrict construction in  those 
areas. New buildings need to be less vulnerable to intense storms. Fortunately, 
local government experts have both the expertise and the opportunity to amend 
local building codes to reflect this threat.

Third,  there is a strong public goods argument to justify government involve-
ment. For example, creating wetlands, mangrove swamps, and artificial barriers 
could dramatically slow the intensity of the sea surge accompanying intense 
storms. The benefits accruing from such investments cannot be restricted to a 
single property owner and instead  will be enjoyed by much of the community.

If persuasive justifications exist for local government involvement, why have 
local governments made so  little investment in climate adaptation options? The 
answer is almost always financial. Local tax bases are  limited to property taxes 
and, to a lesser extent, sales taxes and fees. Further, many jurisdictions do not have 
the luxury of  running bud get deficits. Investments in larger climate adaptation 
proj ects can be pursued only if  there are large co- benefits or reductions in more 
traditional bud get categories.  These traditional categories usually have a strong 
stakeholder base, making it difficult to gain po liti cal support for new priorities.

In addition to funding, three other  factors constrain local governments. 
First, elected officials can calculate the probable rate of return for a new school 
or hospital. But what about the return for a seawall, a new wetland, or storm- 
proofing tunnels and roadways? Since the magnitude and timing of the climate 
disruptions are uncertain, calculating a rate of return is difficult, bordering on 
speculative. When faced with a decision between a new school and a new seawall, 
politicians are almost always  going to pursue the po liti cally safer option.

The second  factor is the uncertain  future of  those cities most threatened by 
climate- induced disruptions. Let us take Miami, as an example. Much of Miami- 
Dade County rests on what was a large limestone reef and is no more than 6–8 ft. 
above sea level. The county’s  water supply from the Biscayne Aquifer is threat-
ened by saltwater intrusion, and the city lies directly along one of the traditional 
hurricane tracks. If climate change increases the risk of more intense storms and 
flooding, thus eroding the value of coastal properties,  will Miami’s population 
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decrease over the next 40 years as  people decide  whether to stay or leave the area? 
 Will tourism evaporate?  Will economic growth contract as businesses move to 
other cities?

Several years ago, Miami was confronted with  whether it should relocate its 
sewage treatment facilities from the three low- lying coastal areas to higher loca-
tions. This investment, including new pipes and pumps, would have cost close to 
US$10 billion (Lee et al. 2017). The other option was to improve the existing sites 
that  were prone to flooding. Advocates of the former argued that it would make 
 little sense to invest in the latter if the treatment plants would be  under 6 ft. of  water 
in several de cades. The opponents argued that  there was substantial uncertainty 
about the amount of sea rise, the number of storms hitting Miami, and the cost 
of climate disruption, so spending US$10 billion for disruptions that might not 
occur was unwise. They further pointed out that if Miami faced all the disruptions 
portrayed by the advocates of moving the treatment plants, the population, the 
economy, and the topography of the city might differ from what they are  today. 
The population could be substantially smaller, and the sewage needs would be less. 
Why pay US$10 billion for infrastructure that might not be needed?

One could argue that a cautious steward would protect the city’s sewage 
treatment system and move at least part of it. Uncertainty should not mean  doing 
nothing. If homeowners purchase insurance policies in the face of much lower 
risks, why should governments not be even more willing to do so with their lower 
costs of capital and low social discount  factors?

The answer in part lies in the third constraining  factor. Most cities have 
significant legacy responsibilities such as education, public health, policing, and 
sanitation. As the population grows, so too do  these expenses; often the revenue 
from a growing tax base does not fully cover them. Hence, cities find themselves 
fiscally constrained.

In the last de cade, many cities have recognized the growing threat of  future 
climate disruptions. They have set up climate offices, which have produced volu-
minous reports. Mayors and city councils have issued proclamations, updated 
standards and regulations, and established permanent climate commissions. What 
they have not done is restructure their bud get priorities or raise more revenue. 
Requesting fees or additional taxes from new development, including  those in 
areas threatened by pos si ble flooding, runs the risk that investors  will forgo the 
proposed proj ect or relocate it to another city. If climate- related disasters induce 
substantial costs over time, city leaders may be able to overcome po liti cal re sis-
tance and change bud get allocations. However,  these adjustments may be too 
 little, too late.
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If local governments are unable to fund the necessary infrastructure adapta-
tion and resilience, who can? Cities can ask their state or provincial government 
for assistance, but they too have  limited financial resources. The two sources that 
remain are the private sector and the national government. As mentioned, the 
private sector is reluctant to make meaningful investments in which a significant 
proportion of the benefits accrue to  others, leaving the national government as 
the remaining option. If the threat from climate change  were homogenous— 
affecting  every location in the same way and to the same magnitude— persuading 
the national government to invest to protect local infrastructure would be a much 
easier task. Such is not the case, and thus federal assistance for climate adaptation 
is likely to be uneven and sporadic.

Infrastructure of 2050

The timing and scope of developing and deploying new technologies is steeped 
in uncertainty. The idea that new technologies  will suddenly emerge, making 
the task of decarbonization less costly, runs  counter to past historical experience. 
Certainly, some technologies have improved dramatically over a short period of 
time; information technologies and renewable energy are examples. However, 
other transitions have taken much longer. Oil was discovered in the  middle of 
the 19th  century, but developing robust markets took almost 70 years. New low- 
carbon technologies may emerge but take similarly long to fully deploy.

Electricity Sector

The infrastructure of 2050 most likely to undergo significant change is electricity 
systems. Three  factors  will drive this change. First, conventional air pollution 
regulations  will grow more stringent (Landrigan et al. 2018). Governments  will 
face increasing pressure from stakeholders concerned about the economic and 
health costs from fossil fuels. Over time, higher health costs plus citizen opposi-
tion  will persuade national governments to change the incentives embedded in the 
existing regulatory regimes in order to accelerate the retirement of fossil- fueled 
power plants and to spur invest in low- carbon substitutes.

Second, a decarbonized world  will require increases in electricity use. Heat-
ing by burning liquid fuels  will be replaced by ever more efficient electric heating 
systems (e.g., heat pumps, geothermal systems). Ground- based transportation 
systems  will be weaned from oil to other forms of energy— prob ably electricity 
or hydrogen. Fi nally, energy- intensive industries, such as steel and cement,  will 
strive to convert from fossil fuels to electricity.
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Third, as fossil fuel– based facilities are phased out, investment in renew-
able systems  will increase. Unfortunately, the task of scaling up wind and solar 
generation consists of more than simply building more solar and wind capacity. It 
 will require major changes in the way electricity is dispatched, transported, and 
stored. For example, to ensure high standards of reliability, the grid operator must 
ensure that power is available on demand. In times when it is insufficiently windy 
or during the hours when the sun is not shining, the operator must dispatch other 
sources of power onto the grid. Even the most fervent advocates of renewable 
power  will not tolerate multiple blackouts throughout the day, especially when 
they are accustomed to very high reliability standards.

In some cases, a vastly expanded transmission system could allow power 
from places where it is windy to move to places where it is not. In other cases, 
the operator might rely on natu ral gas facilities to support the grid. Nuclear 
power does not usually back up intermittent sources, but France has shown that 
it is technically pos si ble. Large- scale hydroelectric plants are extremely flexible 
in their ability to provide power when needed, but not  every region has access 
to appropriate sites. The bottom line is that an electricity grid heavi ly reliant on 
wind and solar generators must be significantly more flexible than  today’s system.

This intermittency leads to the question of who  will pay for this new electric-
ity infrastructure, including increased transmission, capital- intensive fossil fuel 
plants (possibly accompanied with carbon capture and sequestration capacity) 
that are used for just a few hours per day or large- scale storage facilities (if the 
technology permits).

The private sector might argue that since social and environmental concerns, 
as opposed to economic  factors, drive this transition, the government should 
shoulder a disproportionate share of  these expenses. The public sector is likely to 
be less enthused by this argument, pointing out that  these investments are essen-
tially the internalization of externalities, and thus the industry should shoulder 
them. But who is the industry? The electricity systems of the  future may not look 
like ones we have  today, which in many countries rely on vertically integrated, 
regulated utilities. In many developed countries, the generation and marketing 
segments are already decoupled, while the transmission, distribution, and grid 
operations remain regulated. The utility of the  future, however, may be even more 
decentralized, with multiple companies providing transmission, storage, and 
backup support, with some regulated and  others not (MIT Energy Initiative 2016).

Transitioning to a low- carbon electricity system in a period of three de cades 
 will be expensive. A study done by researchers at Prince ton University, the Envi-
ronmental Defense Fund, and Exxon developed vari ous scenarios to meet a goal 
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of net zero carbon emissions by midcentury (Carbon Mitigation Initiative 2019). 
In the scenarios, in which all power was derived from renewables, transmission 
capacity increased fivefold in 30 years, and an elaborate system of pipelines to 
carry liquid CO2 to sequestration sites would have to be constructed. Installed 
electricity- generating capacity in the United States in Prince ton’s all- renewables 
scenario would have to increase over  today’s levels by almost 500  percent, from 
approximately 1100 GW to 6300 GW (Carbon Mitigation Initiative 2019). In 
addition, industries, most fossil- fuel production units, and fossil- fuel generation 
facilities would close, stranding billions of dollars of assets.

What drives  these very high costs is the mid- century deadline to reach net zero 
carbon emissions. This time constraint  will make it almost impossible to depend 
exclusively on pricing or economic tools. If the goal  were extended to 2100, the 
transition would be much less costly, reducing the need for subsidies and regulation, 
but the potential damage from climate disruptions precludes the option of delay.

Where  will the additional capital come from? As mentioned, the private 
sector can help, but national governments  will have to carry a disproportionate 
share of this responsibility.  Whether developed country governments are will-
ing or able to assume this capital requirement is questionable.  There is no doubt 
that poorer nations  will be unable to do so without financial assistance from the 
developed countries, a role that was embraced at the 2015 Paris conference by 
most of the developed countries but never fully funded.

If governments can  either supply the capital or provide generous subsidies, 
 will the private sector enter into partnerships with their public counter parts? 
Public- private partnerships sound terrific, and the idea receives lip ser vice from 
all; however, actually negotiating partnerships with which both sides are comfort-
able is difficult. Partnering with the public sector can be onerous for many private 
companies, mainly  because of the difficulty of building trust (a crucial ele ment 
in any contractual arrangement). The time it takes to design and develop work-
able public- private partnerships may create transaction costs that exceed what 
governments are willing to tolerate.

Beyond the question of who  will pay the capital costs of this energy tran-
sition, many other challenges exist for the electricity sector with which policy 
makers— both public and private— will strug gle.

First, what is the role of natu ral gas in a net zero– emission electricity system? 
Some argue that natu ral gas is an impor tant bridge fuel. It has half the carbon con-
tent of coal, and the supply may be more than enough to meet the more aggressive 
demand forecasts of the coming de cades and to do so at low costs. The capital costs 
of a combined- cycle gas turbine are low; if carbon capture, utilization, and storage 
prices drop, the overall levelized costs of electricity could be in the vicinity of US$87 
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per MWh.1 The prob lem is that in a renewable intensive world,  these facilities may 
be used for only a few hours per day; thus, their low- capacity  factors  will require 
investors to recover their capital costs over a small number of hours.

 Others argue that natu ral gas is a fossil fuel and that the long- term goal is 
to reduce the use of fossil fuels, not increase them. Hence, governments  will be 
pressured to find other options to meet peak demand and provide backup power. 
 There are two candidates: storage technologies, which are costly and presently 
only provide four hours or less of supply, and fossil fuel units with carbon capture, 
utilization, and storage. Advocates of both are hopeful that costs fall rapidly and 
that the government actively mandates investments in each.

The second challenge is that retail tariffs  will need to change. In the pre sent 
system, retail suppliers hedge the price. When demand is high, consumers pay rates 
that are less than  actual costs. When demand is low and power is less expensive, 
consumers pay more. Having tariffs delinked from costs might be tenable if total 
consumption stays at pre sent levels; in a world where more electricity is needed to 
heat buildings, power vehicles, and supply heavy industries, regulators  will  favor 
spreading consumption over more hours of the day. Smart grids and demand 
management programs provide the tools for levelized consumption patterns; 
however, without the correct price signals,  these tools  will prove inadequate. The 
composition and magnitude of the load  will push regulators and retail distribu-
tion companies to charge rates that reflect  actual costs at  every moment in time.

Therefore, when a consumer plugs in an electric car during peak demand, 
when costs and consumption are highest, computers  will tell the charger to wait 
 until costs have fallen before charging the car. If tariffs do not reflect  actual costs, 
the computers  will lack the ability to efficiently allocate the power across time, 
creating a surge of power that could temporarily black out a neighborhood.  Actual 
costs would increase, and the impacts would  ripple through both the economy 
and society. As electricity comprises an ever- increasing portion of the energy 
mix, the costs to the economy of using tariffs dislocated from  actual costs  will 
be much greater than they are  today.

 Water Sector

As the world warms, the rate of evaporation  will grow; with more  water in the 
atmosphere, precipitation  will increase. Some areas  will experience more rainfall 
and  others less, leaving a portion of the former with more  water and the latter with 
shortages and droughts (Intergovernmental Panel on Climate Change 2014). We 
are already seeing this pattern with multiple- year droughts in southern Australia, 
eastern India, and parts of South Africa. Some estimates suggest that by 2025, 
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60  percent of the global population  will face severe  water shortages (Jones et al. 
2019, 1344). Uncertainties abound  because shifts in ocean and air currents may 
switch the location of droughts over time. Areas that now have plenty of  water 
may face  future shortages due to a combination of climate change and increasing 
demand resulting from economic and population growth.

With potable  water growing scarce, national security issues  will emerge. 
Recent examples are Ethiopia’s construction of the Re nais sance Dam (which 
may affect Egypt’s access to  water to irrigate its crops) and the impact of dams 
in China on countries in the lower Mekong Delta. As the globe warms and the 
number of countries facing scarcity prob lems increases,  water  will become an 
ever- greater national security concern.

In some parts of the world,  water  will become a constraint on energy develop-
ment.  Water is needed for conventional fossil fuel development and combustion; it 
is also needed for renewable generators (to clean photovoltaic cells) and for emerging 
technologies such as hydrogen. A World Bank (2013) initiative called “Thirsty 
Energy” addresses this very issue and, more broadly, the challenging nexus between 
the energy and  water sectors. The World Bank cites prob lems such as  water short-
ages affecting energy supplies in India (shutting down thermal power plants), the 
United States (decreasing power plant energy production), and Sri Lanka, China, 
and Brazil (threatening hydropower capacity) (World Bank 2013). According to 
Maria van der Hoeven, the former executive director of the International Energy 
Agency, as quoted by the World Bank (2014): “Planners and decision- makers in 
both sectors often remain ill- informed about the  drivers of  these challenges, how 
to address them, and the merits of diff er ent technical, po liti cal, management, and 
governance options. The absence of integrated planning is unsustainable.”

Countries facing growing shortages  will have to identify and implement 
policies and investments to provide their citizens and their economy with more 
 water.  There are three principal supply enhancement options: (1) transporting 
 water from regions that have plentiful supplies of  water to areas that face short-
ages; (2) producing additional  water from supplies that are not drinkable in their 
natu ral state through desalination; and (3) regulating  water consumption through 
more efficient tariff policies. In many cases, countries or subnational regimes 
 will pursue versions of all three. In each case, significant po liti cal and economic 
obstacles must be overcome.

Transported  Water

Many cities obtain their primary  water supplies from reservoirs located outside 
their jurisdiction.  These reservoirs are often owned and operated by regional  water 
authorities. If an authority or agency finds itself short of  water, it can build or 
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purchase additional reservoir capacity or access new groundwater supplies. This 
additional capacity is usually more expensive than the existing sources of  water 
and thus places financial constraints on  either the customers (if the incremental 
costs are passed through) or on local bud gets (if the public sector absorbs the 
incremental costs).

If the additional supplies are located in another jurisdiction, the transaction 
is often po liti cally controversial. The seller can be accused of selling a commodity 
critical to a locality’s  future economic growth and the quality of life of its citizens. 
 Water is a country’s patrimony, and the public often thinks that governments 
should not be selling it to  others. For example, Canada is water- rich, yet most pro-
posals to sell  water to the United States are met with howls of protest. Similarly, 
selling  water from Malaysia to Singapore has triggered strong po liti cal rhe toric 
on both sides. Some countries have even contemplated dragging icebergs from 
 the Arctic or Antarctica to avoid  these international constraints, though to date 
none have followed through (Smedley 2018; Weeks and Campbell 1973).

Expansion of Desalination

In 2020,  there  were almost 16,000 desalination plants in the world. Slightly less 
than half of them  were located in the  Middle East. Most convert seawater to 
potable standards, while some rely on brackish  water as their feedstock. Desali-
nation facilities are expensive, and the reverse osmosis technology that they use 
converts only about 50  percent of the salt  water to drinkable quality, while the 
remainder must be disposed of as brine. The greater the amount of desalinated 
 water, the greater the environmental costs of disposal (Jones et al. 2019).

Further, desalination plants use substantial amounts of electricity, placing 
another load on a system that  will be transitioning to greater reliance on renew-
able options. As the climate warms,  water shortages  will induce governments 
to invest in more desalination facilities, requiring them to si mul ta neously make 
greater investments in power generation and thus increasing the percentage of 
the national bud get allocated to infrastructure.

Desalination is not the only supply- enhancement technology. In some cities, 
wastewater can be treated to such a level that it can be reused.  These gray  water 
options are becoming more common in developed countries; however, they are 
expensive, especially for countries that have not yet installed secondary or tertiary 
 water treatment facilities.

 Water Policy Reforms

The third option is to price  water to reflect the total cost to supply that  water. 
Economists argue that pursuing the large engineering options discussed above 
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before developing workable markets, including  water tariff reform, would be 
unnecessarily expensive. They further argue that affordability prob lems can be 
dealt with by providing voucher programs or by establishing subsidized rates for 
 those who consume the least (assuming that lower consumption implies lower 
income). Researchers also found that well- managed  water resource pricing can 
improve supply allocations, upgrade administrational efficiency, and improve the 
sustainability of  water resources (Rogers, de Silva, and Bhatia 2001) .  In 2000, 
the World  Water Commission wrote that “Commission members agreed that the 
single most immediate and impor tant mea sure that we can recommend is the 
systematic adoption of full- cost pricing of  water ser vices” (Rogers, de Silva, and 
Bhatia 2001, 33). In 2014, experts from the Hamilton Proj ect at the Brookings 
Institution and the Stanford Woods Institute for the Environment proposed a 
blended approach that focused on improved  water pricing, regulatory reform to 
encourage innovation, and new financing and funding approaches (Ajami, Thomp-
son, and Victor 2014).

Some examples exist of regions where governments priced  water properly 
and established workable trading regimes, such as the Murray- Darling Basin 
Authority in Australia (Libecap et al. 2011). However, despite all their attractive 
characteristics, market reforms have proven to be elusive. This is partly  because 
of a perception that  water is a  human right and should be priced as low as pos si-
ble. Advocates argue that corporations or governments should not make a profit 
from  water.

One might  counter by pointing out that if  water is so valuable to life,  people 
should be willing to pay more for it, not less. Additionally, in many parts of the 
world,  water has always been priced below  actual costs. Hence, the advocates for 
changing this regime are attacking historical constructs that  favor the existing 
system.  Whether climate change and the expansion of  water shortages to new 
regions  will cause government officials to revisit market reforms remains to be 
seen. Dependence on ever more expensive engineering options may trigger new 
interest in market solutions; however, to date, meaningful  water tariff reform 
has been  limited.

Transportation Sector

This chapter discusses how climate change may affect public infrastructure. In 
the case of energy, we saw that in responding to climate threats, countries must 
significantly restructure their energy mix  toward greater reliance on renewables 
and other low- carbon energy sources, creating an electricity sector that may look 
very diff er ent from  today’s. In the case of  water infrastructure, governments in 
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drought- prone regions  will need to invest in pipelines to move  water greater 
distances, new technologies to recover additional potable supplies, or tariffs that 
are more reflective of costs.

How  will climate change affect transportation infrastructure?  Will highways, 
airports, railroads, and seaports look very diff er ent in 2050 from  those of 2021? 
The evidence to date suggests that they  will not. Perhaps new technologies such 
as the hyperloop system may find a niche, but it is probable that we  will still drive 
vehicles on highways and roads, fly in planes that land at airports, and transport 
much of our heavier freight by trains and ships.2 Admittedly, roads and tunnels 
may be more resilient to floods and storms, and the number of passengers at the 
airport may decrease as  people become more comfortable with meeting virtually 
versus in- person; however,  these changes  will likely not have significant impacts 
on the under lying transport infrastructure itself.

Yet, a high probability exists that the technologies that use the infrastructure 
may change.  People may drive electric-  or hydrogen- powered vehicles, necessitat-
ing investments in new fueling stations. However, trends in Eu rope suggest that 
existing fuel stations  will simply expand to accommodate alternative sources of 
energy. For example, in Germany, all gas stations  will be required to install an 
electric- vehicle charging station as part of a COVID-19 economic recovery pack-
age (Sharma 2020). Perhaps autonomous cars, trucks, and trains  will capture 
part of the market; however, autonomous technology still strug gles in bad 
weather and in urban conditions. In addition, mass transit may expand; more 
 people may use bicycles, scooters, and other healthier and simpler modes to 
move shorter distances. In all  these instances, though, they  will still use the 
existing infrastructure.

The remaining challenges  will be significant. How  will socie ties pay for 
roads when the number of gasoline- powered cars declines, making the gasoline 
tax less relevant?  Will  people return to flying in a post- COVID-19 world? If 
they do not, who  will pay for airports, many of which face severe financial 
prob lems?  Will local governments restrict vehicle access to certain parts of cities 
to enhance the quality of life and reduce pollution?  Will mass transit systems 
flourish as they continue to scramble to attract more passengers to cover their 
operating costs?  These are difficult questions, but they are not driven by a 
concern about climate.

What  will be driven by climate are issues around making the transportation 
systems more resilient and better able to  handle the damages from natu ral disas-
ters. Does a city raise the height of the runways at its airports or build protections 
for its subways and tunnels?  These questions fall into the category of adaptation 
investments, which  were previously discussed.
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Climate change is not likely to be the primary reason for many transpor-
tation adjustments. Mobility options  will evolve as technologies and personal 
preferences change, but the basic infrastructure  will remain very similar to that 
of  today. However, uncertainty exists in the pace of change and coevolution of 
technologies, consumer preferences, and transportation policies, which  will all 
need to be integrated with climate infrastructure goals (Gross and Moody 2019).

Governance

The biggest challenges to meeting national and local climate goals through infra-
structure investments  will not be engineering or technological but rather  those 
relating to governance and public policy.

Four of  these institutional questions are discussed below. The first question 
is the broad governance issues that prevent governments at all levels from work-
ing together effectively. The second relates to infrastructure siting. The third is 
stranded economic and social assets, and the fourth is greater public investment 
in preventing damages as opposed to investing only in relief and recovery.

Structure Inefficiency

Governments consist of multiple agencies, each with a defined portfolio of respon-
sibilities. The  water resources department provides  water to consumers. Another 
department might provide sewage ser vices, while still another addresses  water 
pollution. In many jurisdictions irrigation is the purview of the agriculture depart-
ment, while the public health agency sets quality standards for drinking  water. 
In many countries  there are agencies that develop plans for coastal areas, while 
another agency has a similar responsibility for rivers and lakes. If the country 
requires desalination technologies to meet the demand for potable  water, it must 
work with the agencies responsible for electricity since such facilities consume 
substantial amounts of power. When any of  these agencies want to make invest-
ments in new infrastructure, they must seek permits from a variety of other agen-
cies. Fi nally, yet another group provides support ser vices such as bud get oversight, 
procurement, and  human resources. This description is simply the governance 
structure for  water infrastructure. The same complex map of complementary 
responsibilities exists for transport or energy.

In most cases,  these  water departments  were established at diff er ent times 
to meet diff er ent public policy prob lems. Establishing a new department, as 
opposed to expanding an existing one, allowed public officials to demonstrate 
responsiveness to the public concern of the moment. In some countries, the 
existence of multiple agencies gives elected officials the ability to make more 
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appointments, which is a key currency for elected officials. The result, however, 
is a balkanized system that does not effectively manage prob lems that cross 
departmental responsibilities. Interagency coordination and cooperation  will be 
growing concerns for presidents, prime ministers, governors, and mayors as they 
address the under lying interconnections inherent in climate policy.

Horizontal coordination challenges are replicated at the vertical level. Which 
responsibilities should lie with national or central governments, and which should 
be given to mayors? Highways, transmission lines, pipelines, and possibly  water 
lines are impor tant to realizing national goals and priorities; however, their con-
struction and management often require substantial cooperation between national 
and subnational governments. Permitting electric- generating facilities is essential 
to meeting national targets for adequate power, yet this responsibility is usually 
allocated to subregional governments.

Climate change does not recognize jurisdictional bound aries. Most coun-
tries contain states or provinces, each with its own government, its own bureau-
cracies, and in many cases its own priorities. Many of  these states or provinces 
contain metropolitan areas consisting of a large city surrounded by smaller cities 
and towns whose economies are closely linked but whose governments are in de-
pen dent of each other. The challenge of managing climate change becomes very 
difficult when  these jurisdictions do not share common goals and when their 
ability to cooperate is derailed by financial and po liti cal rivalries. The ability to 
develop new and innovative intergovernmental structures  will determine  whether 
subregional governments can ensure the continuing operation of infrastructure 
ser vices in a climate- constrained world.

Climate is the ultimate interagency issue, and it  will impact a vast majority 
of the existing governance structures. To meet this challenge, governments  will 
have to or ga nize themselves so that responsibilities for responding to the threat 
and damages from climate disruptions are better assigned. Which climate- related 
activities are best handled by local governments, and which should be tackled 
by higher levels of governance? To what extent should the national government 
be able to overrule subnational governments when an infrastructure decision or 
climate investment falls within the jurisdiction of the subnational government 
but is deemed to be of national importance?

How can governments design and implement greater interagency coordina-
tion, both horizontally between agencies at the same level of government and 
vertically across  those at diff er ent levels? To meet this need, some governments 
have established major decision- making bodies at their highest levels. For example, 
China has a State Council, and the United States has expanded the role of the 
Domestic Policy Council and the National Security Council. However, only issues 
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of highest priority reach  these bodies. Climate change  will require thousands of 
decisions made by thousands of officials at all levels.

Fi nally, subnational governments have access to only certain revenues, while 
national governments almost always have access to a larger portfolio of revenue 
sources. Climate change  will dramatically increase the fiscal burden on local, 
state, and provincial governments. It may do so in scenarios in which local fiscal 
revenues are decreasing as investors move their money to regions less vulnerable 
to climate disruption.

As discussed  earlier, subnational jurisdictions  will face substantial infra-
structure costs. They  will look to national governments for financial assistance, 
but what  will be the po liti cal and structural cost demanded in exchange for  those 
funds? For example, if the federal government provides substantial assistance, 
should it take on greater responsibility for the provision of local ser vices?  Will 
local governments voluntarily allow national governments to micromanage ser vices 
that heretofore  were their exclusive responsibility? Or  will national governments 
provide substantial incremental assistance with no strings attached?  Will national 
governments be willing to experiment with creative pi lots that encourage effec-
tive coordination at the subregional level? How the institutions of governance 
are structured and operate  will have a major impact on the provision of more 
resilient infrastructure ser vices.

Infrastructure Siting

In the first half of the 20th  century, Western countries embarked on ambitious 
infrastructure programs. Intercity highways  were constructed. Impressive bou-
levards and parkways  were built, as dilapidated neighborhoods  were demolished 
to be replaced by modern downtown areas. Many countries initiated efforts to 
develop power- generation complexes and transmission grids to move electricity. 
Air and seaports  were built, and global trade was expanded. While  these achieve-
ments  were impressive, they often happened without much consultation with the 
 people affected by  these investments. Environmental considerations  were ignored. 
Too often, the infrastructure seemed to be built  because it could be built. Bigger 
and more modern proj ects crowded out smaller and more appropriately scaled 
facilities. Alternative options  were not considered.

The backlash that ensued resulted in the establishment of rigorous siting 
procedures to ensure that critical externalities and social concerns would no longer 
be ignored. Stakeholders with a wide spectrum of interests  were given multiple 
opportunities to raise their concerns. Often, developers not only had to demon-
strate a regional need for a proj ect but also had to show that it met the specific 
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needs of each jurisdiction affected by the proposed proj ect. A power line moving 
electricity from point A to point B that crossed region C had to demonstrate a 
clear benefit to the populations of all three jurisdictions.

In many instances, this pro cess became very expensive and time- consuming. 
Developers (and their lenders) became reluctant to invest the time and money 
needed to guide a proj ect through the labyrinthine permitting pro cess, obtain 
support from multiple stakeholders, and survive  legal challenges. While siting 
may be more difficult in democracies, even authoritarian governments such as 
China have encountered strong public opposition to certain infrastructure proj-
ects, forcing them to forego or amend  those investments.

It would be hard to argue against stakeholder involvement or the merits of 
greater sensitivity to environmental and social consequences of large infrastructure 
proj ects. No one is suggesting that governments return to the first half of the 
20th  century, when officials imposed large public works proj ects on an uninformed 
and sometimes skeptical public. However, the infrastructure requirements to 
transition to a decarbonized economy  will be huge. In 2019, global electricity 
generation consisted of 9,824.1 terawatt hours (TWh) of coal, 825.3 TWh of oil, 
and 6,297.9 TWh of natu ral gas (BP 2020). In a decarbonized world, a significant 
proportion of this fossil fuel capacity  will be replaced by renewables that have 
approximately half the capacity of an equally sized fossil fuel fa cil i ty, which means 
nations  will need to build many more generating stations than they have  today. 
Further, renewable systems  will require substantially more land and a significantly 
expanded transmission and distribution system. In the United States alone, an 
analy sis by Wu (2020) found that achieving net zero green house gas emissions 
by 2050 would require about the land area of New Mexico for new onshore wind 
capacity and about the land area of Vermont for new solar photovoltaic capac-
ity. The probability that  these investments can be successful  under  today’s siting 
regimes is, unfortunately, low. The consequences of not making  these investments, 
however,  will be to fail to transition public infrastructure to meet national climate 
goals and to suffer ever greater climate disruption.

Transitioning  water and sewerage infrastructure (to manage ever more 
droughts and floods) and transportation infrastructure (to meet the realities of 
climate disruption) may require less investment in the siting pro cess than energy 
infrastructure. However, over the next 30 years, significant infrastructure siting 
 will be needed across all three of  these sectors. Identifying this prob lem is easier 
than solving it. Many reform policies and programs have been suggested, but 
most have failed to improve the siting pro cess. Any meaningful reform must 
have several characteristics. First, reforms  will require a renewed trust in the 
public sector. The magnitude and scope of infrastructure investments required 
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 will not happen without significant government involvement. Second, the num-
ber of government agencies involved in permitting and siting  will need to be 
compressed, which means that existing siting laws  will have to be amended. 
A comprehensive one- stop siting shop may be too difficult to achieve, but nar-
rowing down the 15–20 agencies involved to 4–5 could significantly expedite 
the pro cess for new infrastructure. The biggest and most impor tant step  will 
be to establish siting institutions across diff er ent levels of government while 
incentivizing officials from the national and subregional governments to conduct 
joint assessments with a prior agreement that both  will abide by the joint deci-
sion. For example, in the United States, offshore wind proj ects require permits 
from the federal, state, and, in some situations, local governments.  Under the 
pre sent system, opponents can strive to sequence the three siting pro cesses  until 
the developer runs out of money and leaves. Identifying pro cesses to encourage 
the three levels of government to review siting in a collaborative pro cess could 
significantly reduce the cost and timeline.

Third, the entire siting pro cess for a proj ect must be concluded in a reasonable 
time frame. Drawing the pro cess out for multiple years is a luxury that socie-
ties could afford in a nonclimate constrained world, but it  will not be feasible if 
countries desire to effectively respond to the looming climate threat. Stakeholders 
need to be listened to, and environmental concerns need to be assessed; at some 
point, however, infrastructure decisions must be made, and appeals to the courts 
 limited. One idea is to establish a compressed review pro cess for only a subset of 
proj ects that meet certain criteria, such as zero green house gas emissions. The 
challenge  will be reaching agreement on the appropriate criteria.

Fourth, socie ties must accept that this pro cess  will produce a few bad proj ects, 
and a few proj ects in which new facts and prob lems  will emerge  after decisions 
have been made. The pre sent system minimizes the number of such proj ects. 
The siting pro cess described above could increase that number, but the trade- off 
may be necessary for countries to benefit from being better prepared to manage 
emerging climate disruptions.

Stranded Assets

Investments to decarbonize the energy sector and adapt to climate change  will 
result in  human dislocations (e.g., climate refugees, workers who lose their jobs, 
communities that lose their sources of employment) and economic dislocations 
(e.g., unamortized physical assets).  These prob lems may be of less urgency in 
the case of transportation and  water infrastructure, since the existing assets are 
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unlikely to be replaced by an entirely new system. Energy, however,  will be a 
diff er ent case, as countries replace the existing fossil fuel system with one that 
relies heavi ly on renewables, storage, and possibly sequestration.

Past efforts to deregulate portions of the vertically integrated electric industry 
gives us a sneak preview of the importance of managing the stranded asset prob-
lem. High- cost generating facilities  were not competitive in the new deregulated 
market. The utilities that owned  these assets would not accept the proposed 
deregulation policies  unless regulators allowed them the opportunity to recover 
the cost of their previous investments, approved by past regulatory bodies.

If countries intend to decarbonize their electricity sectors, the magnitude and 
cost of the stranded assets  will be much larger than  those in recent history, as  will 
the pressure on regulators to compensate the  owners of fossil- fueled generating 
assets. This prob lem  will be larger in countries such as China and India where 
a significant portion of their coal- fired generation was built in the last 20 years 
and  will not be fully amortized  until 2040–2055.

The  labor force dislocation associated with climate mitigation and infrastruc-
ture adaptation may prove to be even more challenging to manage. Millions of 
men and  women are employed in the fossil fuel– intensive electricity sector, and 
their prospects for finding work in another industry may be  limited  because of age 
or geography. Some countries have no social security net for retired workers, who 
are instead simply retained on their com pany’s payroll. If the plant is closed, their 
pensions evaporate.  There  will be understandable po liti cal opposition to retiring 
 these facilities without a funded plan to take care of  these employees. Simply 
retraining them to install solar collectors or build transmission lines  will not be 
po liti cally sufficient or practically feasible at a meaningful scale. One creative 
example is an effort championed by the Evergreen Climate group, led by the 
Washington state governor Jay Inslee and established in 2020, that advocates a 
G.I. Bill of sorts to assist fossil fuel workers and communities through pensions, 
health care, and other training and financial support. While the governance 
solution to  these stranded communities and workers may not be quite so drastic, 
equity considerations demand that they be addressed in any national climate- 
infrastructure policy.

Invest in Disaster Relief or Prevention?

Historically, governments have placed significantly more emphasis on responding 
to disasters than on disaster preparation and resilience. In the United States, the 
Federal Emergency Management Agency (FEMA) spends billions on disaster 
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relief and recovery while spending negligible amounts on avoiding or minimiz-
ing  those damages in the first place. Why do governments so rarely prioritize 
climate disaster prevention?

Some state and local governments, often in partnership with nonprofit land 
organ izations, purchase coastal barriers or create artificial wetlands or mangrove 
swamps;  these investments are often driven by the co-benefits (in the form of 
habitat protection, biodiversity, or parklands) as opposed to climate adaptation. 
Governments in some earthquake- prone regions have inserted requirements for 
more resilient building practices into city zoning regulation, but  those cities are 
frequently the ones that have repeatedly experienced severe earthquake damage, 
making the public more enthusiastic about investments in greater resilience. 
Research has shown some cases in which the government bought up land to reduce 
the costs of damages (both  human and economic) from a  future earthquake;  these 
cases are the exceptions, not the rule.3

Governments are concerned that tax revenues are spent on activities for 
which the benefits can be documented and the public can be assured that their tax 
dollars have not been misused. If FEMA  were to spend millions buying private 
properties in areas vulnerable to significant flooding, but no floods occurred for 
the next 15 years, the agency would be accused of having wasted taxpayer money. 
On the other hand, if FEMA  were to spend nothing on resilience and a flood 
 were to occur a few years  later, FEMA would be judged on its response to the 
victims of that flood and its willingness to help that community recover— not 
so much on its prior investment in preparedness. Few would point out  after a 
disaster that the recovery costs would have been far less if FEMA had bought 
out the most vulnerable of the buildings prior to the disaster. The incentives are 
clearly skewed  toward investing in recovery rather than preparation or resilience.

To put this dilemma in perspective, southern Australia has experienced 
forest and bushfires that  were especially severe  because of years of droughts and 
unusually hot weather.  After the 2009 Black Saturday fires, the government of 
Victoria implemented a housing buyback program. Its offer received considerable 
publicity at the time, since  here was an example of a government trying to get 
ahead of a  future prob lem. However, it took a year to get the program passed 
 because of bureaucratic delays, and few homeowners  were interested in pursu-
ing the government’s offer thereafter (Herscher and Rizzo 2020). In 2019 and 
2020, the same areas experienced even more severe bushfires. Interestingly, few 
criticized the government for its inability to implement the buyback program, and 
 there has been no clamor from the public to develop a new program. Some experts 
suggest mea sures such as more stringent building codes, expanded voluntary 
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buyback programs, and enhanced early warning systems; thus far,  these policies 
have not been pursued (Henriques- Gomes 2020; Hill and Martinez- Diaz 2020).

 Will this dilemma change? It is unlikely without a significant push from the 
public. Admittedly, the financial costs of relief and recovery efforts are skyrocket-
ing as disaster intensity increases. The Wharton Risk Management and Decision 
Pro cesses team at the University of Pennsylvania found that postdisaster spending 
in response to 2017 events in the United States was more than US$130 billion, 
a rec ord high (Lingle, Kousky, and Shabman 2018). Perhaps as this number 
increases, pressure  will increase for greater national governmental investment in 
climate preparation.

Most  future investments in preparation and resilience  will be made by prop-
erty  owners who  will do their own cost- benefit analyses, realizing that government 
assistance in the best of circumstances  will be inconsistent and difficult to predict. 
This outcome is not necessarily bad, but it ignores lower- income communities 
and  house holds, many of which are located in the most vulnerable locations. It 
might be more effective to direct incremental government adaptation funds to 
 these lower- income neighborhoods than to attempt to convince the major public 
and private relief organ izations to fund large- scale infrastructure adaptation and 
resilience. Perhaps  those agencies responsible for housing and urban development 
should lead the national government’s efforts to promote preparation in concert 
with their  sister institutions at the subnational level.

Conclusions

The climate prob lem is real, and its impacts  will be severe.  These impacts  will be 
neither homogeneous nor temporally or spatially predictable. In light of  these 
uncertainties, many governments  will hesitate to invest in low- carbon infra-
structure without economic and financial assistance at scales that exceed normal 
po liti cal comfort.

What can be done to address  these challenges? First, rational pricing for 
infrastructure ser vices such as electricity and  water  will become substantially 
more impor tant in a world dependent on renewable energy, electric vehicles, and 
 water from distant aquifers or capital intensive desalination facilities. Pricing 
that reflects the true social cost of  these ser vices is essential but by itself  will not 
be enough. In addition, governments at all levels must develop interagency and 
intergovernmental institutions and pro cesses to address adaptation and mitiga-
tion investments.  These initiatives should be accompanied by a commitment to 
transfer funds to where they are needed. Traditional po liti cal rigidities must be 
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superseded by a willingness to be creative and to take po liti cal risks based more 
on vision and less on historical stakeholder loyalties. Fi nally, this new sense of 
innovation must focus on governance reforms in areas such as siting, stranded 
assets, interagency coordination, and preventive investments.  These reforms  will 
occur only when key stakeholders become more aware of the looming risks of 
climate change and demand that their elected officials respond to  these threats 
with considerably more urgency than shown to date.

Summary

• Honoring the commitments made by many countries to achieve net zero 
emissions by 2050  will require unpre ce dented investments in infrastructure. 
Local governments are likely to take the lead in developing adaptive poli-
cies, since the nature and extent of climate change damages vary so much 
by location

• The electricity sector  will be by far the most affected by the efforts to mitigate 
emissions, as electricity replaces direct burning of fossil fuels for mobility, 
heating, and manufacturing and as countries shift to solar, wind, and other 
renewable sources that require more sophisticated and extensive grids and 
stand-by capacity to maintain reliability.

• In the  water sector, changes in precipitation  will require some areas to import 
 water, increase desalinization, or encourage conservation by raising prices.

• Transportation infrastructure  will be the least affected, although many vehicles 
are likely to be powered by electricity or hydrogen.

• For  these investments to succeed, four changes in the governance of infrastruc-
ture are needed: (1) reduce the number of agencies and levels of government 
with overlapping responsibilities; (2) streamline the pro cess for siting facilities; 
(3) address stranded financial and  human assets; and (4) reduce the bias for 
spending on disaster relief rather than on disaster prevention.

Notes
1. Costs are provided in euros per MWh and are converted  here using a 1.13 US$/€ conver-

sion rate.
2. A hyperloop is a theoretical transportation system using tubes and pods to move  people 

and cargo quickly over long distances (Davies 2018).
3. One exception may be nuclear facilities. In some countries and states, nuclear facilities 

are no longer allowed to be sited or operated in or near earthquake zones so as to reduce 
potential damage.



Infrastructure and Climate Change | 459

References
Ajami, Newsha, Barton Thompson, and David Victor. 2014. “The Path to  Water Innovation.” 

The Hamilton Proj ect, October 2014. http:// www . hamiltonproject . org / papers / the _ path 
_ to _ water _ innovation / .

Ballon, Hilary, and Kenneth T. Jackson, eds. 2007. Robert Moses and the Modern City: The 
Transformation of New York. New York: Norton.

BP. 2020. Statistical Review of World Energy. “Electricity: 2019 in Review.” https:// www 
. bp . com / content / dam / bp / business - sites / en / global / corporate / pdfs / energy - economics 
/ statistical - review / bp - stats - review - 2020 - full - report . pdf.

Carbon Mitigation Initiative. 2019. “The Net- Zero Amer i ca Proj ect: Finding Pathways to a 
Carbon- Neutral  Future.” https:// cmi . princeton . edu / annual - meetings / annual - reports / year 
- 2019 / the - net - zero - america - project - finding - pathways - to - a - carbon - neutral - future / .

Davies, Alex. 2018. “The WIRED Guide to Hyperloop.” Wired, February 1. https:// www 
. wired . com / story / guide - hyperloop / .

Gross, Eytan, and Joanna Moody, eds. 2019. Insights into  Future Mobility. http:// energy . mit . edu 
/ wp - content / uploads / 2019 / 11 / Insights - into - Future - Mobility - Executive - Summary 
. pdf.

Henriques- Gomes, Luke. 2020. “Bushfire- Destroyed Homes Should Not Be Rebuilt in Riskiest 
Areas, Experts Say.” The Guardian, January 18. https:// www . theguardian . com / australia - news 
/ 2020 / jan / 19 / bushfire - destroyed - homes - should - not - be - rebuilt - in - riskiest - areas - experts - say.

Herscher, Rebecca, and Meredith Rizzo. 2020. “Sell or Stay? Australia’s Fire Zone Experi-
ment.” NPR, February 25. https:// www . npr . org / 2020 / 02 / 25 / 807084043 / sell - or - stay 
- australia - s - fire - zone - experiment.

Hill, Alice, and Leonardo Martinez- Diaz. 2020. Building a Resilient Tomorrow. Oxford, UK: 
Oxford University Press.

Intergovernmental Panel on Climate Change. 2014. “Summary for Policymakers:  Impacts, 
Adaptation, and Vulnerability.” In Climate Change 2014: Impacts, Adaptation, and Vulner-
ability; Part A: Global and Sectoral Aspects; Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change, ed. Christopher B. 
Field, Vincente R. Barros, David J. Dokken, Katharine J. Mach, Michael D. Mastrandrea, 
T. Erin Bilir, Monalisa Chatterjee, et al. Cambridge, UK: Cambridge University Press. 
https:// www . ipcc . ch / site / assets / uploads / 2018 / 02 / ar5 _ wgII _ spm _ en . pdf.

Jones, Edward, Manzoor Qadir, Michelle T. H. van Vliet, Vladimir Smakhtin, and Seong-
mu Kang. 2019. “The State of Desalination and Brine Production: A Global Outlook.” 
Science of the Total Environment 657: 1343–1356.

Landrigan, Phillip J., Richard Fuller, Nereus J. R. Acosta, Olusoji Adeyi, Robert Arnold, 
and Niladri Basu. 2018. “The Lancet Commission on Pollution and Health.” The Lancet 
391(10119): 462–512. https:// doi . org / 10 . 1016 / S0140 - 6736(17)32345 - 0.

Lee, Henry, Natalie Unterstell, Shauna Theel, and Pinar De Neve. 2017. “Miami- Dade 
County and Sea Rise.” Harvard Kennedy School, February 13. https:// case . hks . harvard 
. edu / miami - dade - county - and - sea - rise / .

Libecap, Gary, Quentin Grafton, Eric Edwards, R. J. O’Brien, and Clay Landry. 2011. 
“A Comparative Assessment of  Water Markets: Insights from the Murray- Darling Basin 



460 | CHAPter 18

of Australia and the Western US.”  Water Policy 14 (10): 2139. https:// papers . ssrn . com 
/ sol3 / papers . cfm ? abstract _ id=1858723.

Lingle, Brett, Carolyn Kousky, and Leonard Shabman. 2018. “Federal Disaster Rebuilding 
Spending: A Look at the Numbers.” Wharton Risk Management and Decision Pro-
cesses Center. https:// riskcenter . wharton . upenn . edu / lab - notes / federal - disaster - rebuilding 
- spending - look - numbers / .

MIT Energy Initiative. 2016. Utility of the  Future: An MIT Energy Initiative Response to an 
Industry in Transition. www . energy . mit . edu / uof.

National Academies of Sciences, Engineering, and Medicine. 2012. Disaster Resilience: 
A National Imperative. https:// doi . org / 10 . 17226 / 13457.

Rogers, Peter, Radhika de Silva, and Ramesh Bhatia. 2001. “ Water Is an Economic Good: How 
to Use Prices to Promote Equity, Efficiency, and Sustainability.”  Water Policy Journal 4: 1–7.

Sharma, Gaurav. 2020. “All Petrol Stations in Germany  Will Be Required to Provide Electric 
Vehicle Charging.” Forbes, June 5. https:// www . forbes . com / sites / gauravsharma / 2020 / 06 
/ 05 / all - petrol - stations - in - germany - will - be - required - to - provide - electric - vehicle - charging 
- ev - cars / #6cb54333479a.

Smedley, Tim. 2018. “The Outrageous Plan to Haul Icebergs to Africa.” BBC  Future Now, 
September 21. https:// www . bbc . com / future / article / 20180918 - the - outrageous - plan - to 
- haul - icebergs - to - africa.

United Nations. n.d. “What Do Adaptation to Climate Change and Climate Resilience Mean?” 
https:// unfccc . int / topics / adaptation - and - resilience / the - big - picture / what - do - adaptation 
- to - climate - change - and - climate - resilience - mean.

Weeks, W. F., and W. J. Campbell. 1973. “Icebergs as a Fresh- Water Source: An Appraisal.” 
Journal of Glaciology 12(65): 207–233.

Weitzman, Martin L., and Wagner Gernot. 2015. Climate Shock: The Economic Consequences 
of a Hotter Planet. Prince ton, NJ: Prince ton University Press.

World Bank. 2013. “Thirsty Energy: Securing Energy in a Water-Constrained World.” https:// 
www . worldbank . org / en / topic / water / brief / water - energy - nexus.

— — —. 2014. “ Will  Water Constrain Our Energy  Future?” https:// www . worldbank . org / en 
/ news / feature / 2014 / 01 / 16 / will - water - constrain - our - energy - future.

Wu, Grace. 2020. “Spatial Planning of Low- Carbon Transitions.” Sustainable Development 
Solutions Network Deep Decarbonization Pathways Proj ect for the United States. https:// 
resources . unsdsn . org / spatial - planning - for - low - carbon - transitions ?  _ ga=2 . 223581971 
. 905780696 . 1625859351 - 1726547578 . 1625859351.


