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RESILIENT REAL ESTATE IN THE UNITED STATES

JONATHAN GROBSTEIN

ABSTRACT

Environmental change is a major risk to the health and economic security of
Americans, with impacts observed or anticipated on all sectors of the economy. The real
estate sector is especially at risk from environmental change due to the complete
immobility and relative illiquidity of land and building assets, which put property owners
in local markets at risk, along with the national real estate market and the financial
markets that depend on the steadily increasing value of real estate. The scale of the
environmental risk to real estate across the United States represents a potentially
catastrophic risk to the US financial system and macroeconomy. Government action is
needed on an epic scale to protect Americans from the direct physical risks of
environmental change along with the economic and social impacts that can negatively
affect all Americans. This paper serves as an introduction to the topic of resilient
locations and real estate, and the strategies that individuals, businesses, and governments
can use to improve their resilience in the era of environmental change. The paper will add
to the currently available literature and public information on the topic of climate change
and real estate, by synthesizing publicly available information and drawing new

conclusions using data analysis, to inform action on the part of individuals, businesses,



and governments to preserve their interdependent economic security. The paper will also
provide a new definition for resilient real estate, in contrast with common definitions of
sustainable real estate, sometimes called green buildings. Current definitions of resource-
efficient buildings often leave out the most important topic when discussing climate
change and real estate, the direct physical impacts and transition risks that put asset
holders in vulnerable locations at extreme risk of income losses and property
devaluations, whether the property has energy efficient appliances or not. A property
should not be considered sustainable unless it is also resilient, and to be financially secure
in the age of environmental change requires environmental resilience. Building new
Class-A resource-efficient buildings in environmentally vulnerable locations is the
opposite of sustainability; it adds to the value at risk, and due to the shorter building life
cycle means resources are not used more efficiently over the life of a comparably resilient
but inefficient asset.

As the quantity of quality, resilient land in the United States is declining, the
population and economy are growing, and through the forces of supply and demand,
prices are likely to increase for environmentally resilient land over the coming decades.
Due to the spatially asymmetrical impacts of environmental change in the United States
and the locationally fixed nature of real estate, the individual property owner and the
macroeconomy are put at risk by the under accounting for environmental change in
current asset prices. The uneven impacts of environmental change on real estate across
the nation presents an opportunity to individuals, businesses, and governments to adapt

using resilient real estate strategy.
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SECTION I: ENVIRONMENTAL CHANGE AND REAL ESTATE

Introduction

Global environmental change is a major risk to the health and security of all
Americans, with impacts observed or anticipated on all sectors of the economy,
especially for communities in vulnerable locations and the individuals, businesses, and
governments holding fixed assets in those locations (IPCC, 2022. NCA, 2017. NOAA,
2021. DoD, 2021. Clayton, 2021. FEMA, 2021). The real estate sector is especially at
risk from environmental change due to the complete immobility and relative illiquidity of
land assets, putting individual property owners in local markets at risk along with the
national real estate market and the financial markets that depend on its stable value (UCS,
2018. First Street Foundation, 2022. Clayton, et al., 2021). The scale of the
environmental risk to real estate across the United States represents a potentially
catastrophic risk to the US financial system and economy (UCS, 2018. NCA, 2017).
Government action is needed on an epic scale to protect Americans and their real estate
from the direct physical risks of environmental change along with the market and social
impacts that can harm the health and economic security of all Americans (NCA, 2017.
IPCC, 2022. FEMA, 2021).

As an individual, to be considered 'resilient to environmental change' generally
requires living in a home or apartment in a location that is relatively resilient as compared
to the national average, both on a parcel and in a structure that is relatively resilient to its

local market. This paper will serve as an introduction to the topic of resilient locations



and real estate, and the strategies that individuals, businesses, and governments can use to
ensure their resilience in this current era of rapid and significant environmental change.
This research will add to the currently available literature and public information on the
topic of climate change and real estate, by synthesizing the public information and
drawing new conclusions using data analysis, to inform action on the part of individuals
to preserve their economic security.

The paper will also provide a new definition for resilient real estate, in contrast to
common definitions of ‘sustainable real estate’ or ‘green buildings’. Current definitions
of resource-efficient buildings often leave out the most important topic when discussing
climate change and real estate, the direct physical impacts and transition risks that put
asset holders in vulnerable locations at extreme risk of income losses and property
devaluations, whether the property has energy efficient systems or not (USGBC, 2021.
Clayton et al, 2020). This paper will make the case that a property should not be
considered sustainable unless it is also resilient, and to be financially secure in the age of
environmental change requires environmental resilience. Building new Class-A resource-
efficient buildings in vulnerable locations is the opposite of sustainability; it adds to the
value at risk, and due to the shorter life cycle means resources are not used more
efficiently over the life of a comparably resilient but inefficient asset.

Due to the spatially asymmetrical impacts of environmental change in the United
States and the locationally fixed nature of real estate, the individual property owner and

the macroeconomy are put at risk. The uneven impacts of environmental change on real



estate across the nation presents an opportunity for individuals, businesses, and
governments to adapt using resilient real estate strategy.

Environmental change is already affecting the value of real estate in certain
vulnerable locations that are already experiencing severe impacts (Clayton et al, 2021.
NCA, 2018). Several recent peer-reviewed studies on the topic of environmental risk and
real estate in specific high-risk markets have come to similar conclusions that properties
with extreme vulnerability are already seeing their values impacted negatively
(Okmyung, 2010. Kousky, 2020). In the year 2023, Americans are suffering from the
health impacts and economic damage caused by flooding, wildfires, drought, pests, and
other environmental changes that are becoming more costly each year (NCA, 2018. First
Street Foundation, 2021. UN-IPCC, 2022). The US Department of Defense views
environmental change as one of the greatest threats to global security and American
interests at home and abroad in this decade. The military considers the climate change
crisis to be a 'threat-multiplier’, increasing the likelihood of conflicts, food and water
shortages, migrations, economic instability, and political instability around the world
(DoD, 2021. UN-IPCC, 2022). Environmental change, in its many forms, threatens the
health and security of all Americans, especially those who live in vulnerable locations
(DoD, 2021. NCA, 2018, NOAA, 2021). Despite the extreme risks the United States will
face in the years to come, the federal government has taken limited action to either
address the causes of environmental change or to build resilience to the environmental

changes Americans are already experiencing today.



Researchers are only beginning to make the connection between the projected
impacts of environmental change and the implications of that research on individual
property value, real estate market integrity, and structural risks to the national economy
(Clayton et al, 2021. Pogue, 2021. etc). The limited public information may also be due
to institutions and investors not wanting to spook individuals and markets, and many may
already be implementing the strategies introduced at the end of this paper for hedging

environmental risk using relatively-resilient property.

The topic of resilient real estate is a new idea and an old one. The idea is old in
that humans have always adapted structures to their environmental conditions or faced
the consequences for hundreds of thousands of years (Westling, 2022. Winchester, 2021).
The idea is new in the sense that humans have not dealt with a rapid environmental
change on a global scale of this kind in the recorded history of our species (UN-IPCC,
2022. Meadows et al. 1972, 2004). With modern technology and computer modeling
humans can now predict with some confidence how the environment is likely to change
under current assumptions of population growth, economic growth, and technological
change (Meadows et al., 1972, 2004). Humans have extensive experience with rapid
environmental change on a local scale that forces individuals to adapt their living
conditions to survive, whether by adapting their structures, or their places of settlement,
such as in the Dust Bowl in the 1930s when millions of domestic migrants crossed state
lines to find a better chance at survival, or in the environmental disasters caused by poor
central planning on the part of the Soviet Union and China during the Cold War

(Nikolaidis, 2011). In modern times, environmental change has induced drought,



starvation, migration, and conflict in Syria, and other nations of the Middle East and
Africa (UN-IPCC, 2022). Migration flows can often be attributed to environmental
change, whether directly through drought, flood, or fire events or indirectly through
conflicts and socio-economic instability induced by changes in the environment.
Environmental change in the 21st century is different than previous changes because of
the global scale of the causes and consequences of climate change, the rate of change, the
massive material needs of the largest human population in history that is continuing to
grow along with its economy, and the severity of the likely consequences for humans and
nations globally (UN-IPCC, 2022).

The need to look forward — to forecast future environmental changes — without a
strong basis of past experience with rapid global environmental change makes action
difficult to base entirely on current scientific evidence and can lead to a lack of public
support and governmental action (IPCC, 2022). The technological tools to forecast future
changes are valuable in that they can inform and induce action on the part of
governments, businesses, and individuals, however, due to their forward looking nature,
there will always be uncertainty. Humans will need to adapt with the information they
have access to and make difficult choices without perfect information before the choices
are made for them by man or nature.

This paper is meant to offer both a warning to Americans, businesses, and
governments about the threats of environmental change and the necessary adaptations
that must take place in the coming years to ensure our collective security and individual

economic security. To ensure the economic security of the United States, the basis of our



economy, our people, and our land must be protected. Most Americans live in either a
home or an apartment, and their health, safety, and economic security are linked to a
single property. The American economy, on a macro scale, is built on top of the land, and
its underlying financial system is built on top of the steadily increasing value of real
estate (Winchester, 2021. Stein, 2019. Fox 2013). The security of the United States, and
all individual Americans, is put at risk by the scale of the environmental changes to come
(DoD, 2021. NCA, 2018. IPCC, 2022). This paper is meant to both inform and induce
action on the part of individuals, businesses, and governments, toward a more resilient

future for America.

Imperfect Risk Projections and Early Adaptation to Environmental Change

All projections have uncertainties, and environmental change projections are
especially difficult, due to the complexity of earth systems and the fact that
environmental change on this scale has not occurred this rapidly at any point in the
history of humanity (IPCC, 2022. Meadows et al, 2004). We simply can't rely on
historical information to project what will occur in the future because what is occurring
has not happened before. For example, the IPCC projects a wide range of possible
outcomes of sea level rise this century from 3 ft to over 10 ft, while other peer-reviewed
research has reported that an estimated sea level rise of over 10 ft is likely this century
(IPCC, 2022. Englander, 2021. NOAA, 2021). The difference between 3 ft and 10 ft is
enormous in terms of the people and property at risk, the macro-risks, and the necessary
adaptations to be resilient to the changes (UCS, 2018. IPCC, 2022. First Street

Foundation, 2021). Uncertainty is an inherent part of forward-looking projections of



environmental impacts and changes in property value, but we must rely on uncertain
projections because by the time the projections can be proven true, it will be too late to
adapt in an orderly manner. The long life-cycle of real estate, with buildings and homes
often taking years to construct and lasting for generations once completed, requires
effective action to be taken before perfect information is available. The gap between
projections and reality has started to tighten, as humans experience environmental change
first hand, confirming scientists' earlier projections (IPCC, 2022). We must learn from
these confirmations of prior scientific projections, and realize that institutional
publications of environmental change projections will be conservative in nature and are
thus likely to be proven accurate with time (Pogue, 2021. IPCC, 2022). The Federal
government and the United Nations IPCC are conservative in their projections, partly due
to the many stakeholders that must sign off on their publications, so it is crucial to rely on
a mix of projections from a variety of sources, not only the largest institutions (IPCC,
2022. NCA, 2021. Englander, 2021. UCS, 2018. First Street Foundation, 2021). For
example, the IPCC does not include several important factors in its projection of long-
term global warming and sea level rise, in part because it will add uncertainty to their
models (IPCC, 2021. Englander, 2021) In trying to provide a level of certainty in their
projections, due to their conservative nature, there is a clear under-accounting for risk in
publications from the largest institutions. There is no single source of information that is
without bias or imperfection, but a combination of sources, with competing agendas,
coming to similar conclusions, is the strongest form of evidence. We have no choice but

to rely on imperfect information to adapt effectively to environmental change. The



science is not clear on how much damage environmental change will cause and the
timeline for the damage; however, the science is very clear that environmental change
will have significant impacts on the health and economic security of all Americans within

a matter of decades.

The Language of Environmental Change

In this paper, I will generally refer to the risks surrounding climate change within
a more encompassing and apolitical term, “environmental change”. It is the experienced
environmental change that humans are already adapting to, a crisis that goes far beyond
global warming to include changes in biodiversity, pollution, resource availability,
freshwater availability, and other environmental changes that are not accurately captured
in the term ‘climate change'. Both academia and the media will often refer to
environmental changes that are not directly attributable to global warming as being part
of the ‘climate crisis’ realm; however, I believe it is more accurate and useful to refer to
the ‘environmental change’ when discussing real estate resilience in this paper. This
paper is not about the mitigation of greenhouse gas emissions in the real estate sector, or
slowing global warming, which is already the focus of billions of dollars of research and
investment around the world. This paper is about how individuals, businesses, and
governments in the United States can adapt to the reality of environmental change today,
to guard life and property through resilient real estate strategy. Adaptation solutions to
environmental change frequently have co-benefits with carbon emissions mitigation

methods, and some of those synergies will be mentioned to in this paper.



US Environmental Risk Update: Observed Changes and Economic Impact
Projections

Environmental change is already affecting the American economy across many
sectors, with the sectors that rely on fixed assets in vulnerable locations experiencing the
greatest impact (Brunetti et al, 2021). The real estate sector, and the finance and
insurance sectors that both facilitate real estate markets and rely on its stable value, are
especially at risk from the impacts of environmental change (Brunetti et al, 2021. Sigaud,
2018).

The literature review to follow on the impacts of environmental change in the
United States will outline the current and future environmental risks to Americans,
focusing on those impacts that are likely to effect real estate value. For the outline of
environmental risks, I will refer to a 2022 report from the United Nations’
Intergovernmental Panel on Climate Change (UN-IPCC) and the U.S. National Climate
Assessment (NCA) from 2018, as well as research from the Federal Emergency
Management Agency (FEMA), the First Street Foundation, and the Union of Concerned
Scientists (UCS). After outlining the risks, the research will describe how environmental
change can impact the value of real estate in the United States.

In early 2022, the IPCC released the findings from its 6th Climate Assessment,
which emphasized that the global climate is changing faster than previously anticipated
by the group of 196 countries that comprise the United Nations IPCC (UN-IPCC, 2022).

The world's leading scientists, economists, politicians, bankers, and companies around



the world have agreed that global temperatures are rising as a result of greenhouse gas
emissions, and this represents a major risk to life, property, and security (UN-IPCC,
2022). The pledges made by the 196 countries are for the most part not being followed,
and given current government plans, policies, and technology, it will be extraordinarily
difficult to keep temperatures from rising beyond the 1.5-degree threshold of warming
agreed upon in 2015 at the Paris conference (UN-IPCC, 2022). If global average
temperatures exceed the two-degree threshold, which is now the most likely scenario, the
projected impacts of the changing environment become even more catastrophic (UN-
IPCC, 2022). Some of the more pessimistic scenarios of warming outlined in the IPCC
adaptation report are of a magnitude that could put pressure on the survival of current
human civilization as we know it, in a similar way to the dangers of nuclear weapons

(UN-IPCC, 2022. Bendell, 2019. Englander, 2020).

Even with major emissions reductions in the coming years, global temperatures
will continue to increase for decades, due to slow-moving earth system lag times,
feedback loops, and residency times of greenhouse gases (UN-IPCC, 2022). The most
recent UN-IPCC and NCA reports make it clear that humanity has run out of time to
prevent devastating climate change, although the level of long-term devastation can be
softened by increasing the rate of greenhouse gas emission mitigation (e.g. carbon
emissions reductions, direct air capture, and storage) and adaptation solutions (e.g.
building sea walls, sponge parks, managing a retreat away from risk). There will continue
to be acute devastation in many vulnerable locations around the world as a result of

environmental change, and that devastation will grow with time (IPCC, 2022).

10



Americans are already feeling the damaging effects of climate change on their
health, property, and communities (NCA, 2017. Englander, 2020. Pogue, 2021).
Americans are experiencing coastal flooding in Florida and New York, inland flooding in
Appalachia, and drought and wildfire in the American West, this is a national crisis as
well as a local one (UN-IPCC, 2022. NCA, 2017). Scientists, politicians, global
organizations, media, and communities have been stating that 'it's now or never', for
many years, but now the UN-IPCC and other major research institutions have the
statistical evidence to say that humans can no longer completely avoid the devastating
impacts of environmental change with greenhouse gas emission mitigation, as was once
widely accepted (UN-IPCC, 2022). No matter what is done, humans will continue to face
worsening environmental change for decades, with little chance of environmental
stabilization this century (UN-IPCC, 2022). Americans can both accept that the
environment is changing and adapt to the new reality by building resilience into our
society, while also continuing to speed up greenhouse gas emission mitigation to limit the
long-term risk to global human civilization (UN-IPCC, 2022. NCA, 2018. NOAA, 2021.
Pogue, 2021. Bendell, 2018). Individuals and communities must build resilience and
mitigate carbon simultaneously to maximize personal security and financial security in

the era of environmental change.

Investment in ‘sustainability’ without considerations of long-term resilience, or
vice-versa, is a losing strategy for sustainability and economic continuity in high-risk
locations (UN-IPCC, 2022. NCA, 2017. UCS, 2018). On-site or community carbon

mitigation does little to reduce the risk of long-term property value depreciation in high-

11



risk locations without local adaptation/resilience solutions to counter environmental

change impacts on the ground.

The impacts of environmental change — including the impacts of global warming
— that threaten the US economy and the health of Americans include the increases in the
severity of extreme heat events, sea level rise (SLR), extreme precipitation events,
wildfires, biodiversity loss, devastating droughts, limits to the availability of freshwater,
and loss of quality topsoil (NCA, 2017. Meyer, 2019. IPCC, 2022). Environmental
change will not harm every community, area, region, or economic sector in the same
way, or at the same time. Many parts of the US are at low risk of environmental hazards
and may see some economic benefits from warmer temperatures (Pogue, 2021). Specific
areas within the United States face such severe risk that they are unlikely to be able to
support prosperous habitation long-term, such as low-lying areas in New Orleans, Miami,
Houston, and New York (UCS, 2018. First Street Foundation, 2021). Cities represent a
tremendous amount of the economic wealth and prosperity in the US, and as more people
move to cities, this is where most people will face the effects of environmental change
firsthand, and where most of the real estate losses will occur (UCS, 2018. First Street

Foundation, 2021).

Multiple efforts on the topic of resilient assets and real estate are underway in
academia and the business world, but it is an area of study that is still in its earliest stages.
Three sources, in particular, get to the heart of the topic of interest: a McKinsey &
Company report titled Climate Risk and the Opportunity for Real Estate (2022); a recent

book titled How to Prepare for Climate Change, authored by David Pogue (2021); and a
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scientific report released by the Union of Concerned Scientists titled Underwater (2018).
The McKinsey report presents the risks to real estate in two distinct forms, the physical
risks, such as stormwater flood damage or fire, and the transition risks, such as higher
insurance premiums, changes in demand, fines for inefficient energy use, and higher
taxes to fund local resilience (Boland, et al, 2022). How to Prepare for Climate Change
goes beyond explaining the vulnerabilities and impacts of environmental change on the
U.S. economy, and gives actionable guidance for individuals and property owners on
how to adapt. Pogue explains how readers can build resilience, and crucially, where they
can go to avoid the worst impacts of environmental change in the US (Pogue, 2021).
Pogue focuses on numerous criteria and provides a list of cities that are relatively resilient
to environmental change in the US. The cities chosen are the ones that have been
highlighted by multiple reports as being particularly resilient to environmental change
within the United States. The resilient locations highlighted in How to Prepare for
Climate Change include Burlington, Vermont; Cleveland, Ohio; and Ann Arbor,
Michigan (Pogue, 2021). The 2018 report from the Union of Concerned Scientists
focuses on the scale of the risk to real estate across the United States and estimates the
value-at-risk for individual regions and the real estate market as a whole (UCS, 2018).
This report on real estate vulnerability makes it clear that there are severe risks in the real
estate market across the country at a scale that could pose risks to the entire US financial
system and wider economy (UCS, 2018. Meyer, 2019).

Real estate underpins the overall economy and cannot be moved, making it more

vulnerable to local environmental hazards than other asset types (Clayton et al, 2021).
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The scale of that risk is so large that it could put the entire economy in danger (UCS,
2018). This paper will focus primarily on residential real estate, and to include multi-
family properties — with more than four dwelling units — in that analysis, even though
these apartment buildings are often described as commercial real estate in a market and
legal context. Extensive research has been published on the current and projected effects
of natural hazards on residential real estate, whereas less research has gone into
projecting the impacts of environmental change on commercial real estate (e.g. retail,
office, industrial, etc.). It can be more difficult to predict how the impacts of
environmental change will affect commercial real estate value over the long term,
especially for certain types of commercial real estate such as office, industrial, and bio-
lab space. The value of these types of commercial real estate generally rely on the factors
of agglomeration and intra-sector economic cycles that make it difficult to accurately

project how environmental change will impact value over the long term.

US Environmental Change Risk Update: Assume 2°C of Warming this Century
above Pre-Industrial Temperatures

In 2022 the UN’s International Panel on Climate Change released the findings
from its 6th climate assessment, with a grave assessment that the global climate is
changing faster than previously anticipated by the group of scientists representing 196
countries, and the hopes of significantly mitigating the impacts of the climate crisis
during our lifetime are slipping away (UN-IPCC, 2022). Global temperatures are
continuing to rise and previous emissions reduction targets are not being met, all while

our world's leading scientists and mathematicians find that even if we reached net-zero
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carbon emissions by 2025, the earth would continue warming for many decades (UN-
IPCC, 2022. Tollefson, 2018). Due to current greenhouse gas emissions, a lack of action
on the part of global governments, increasing global standards of living, and other
factors, the UN-IPCC has concluded that it will be extraordinarily difficult for humanity
to keep temperatures from rising beyond the Paris Climate Accords threshold of 2°C
warming above pre-industrial temperatures, let alone the initial goal of 1.5°C that many
are still clinging to blindly (UN-IPCC, 2022). If global average temperatures exceed that
two-degrees-celcius threshold, the projected impacts of the changing climate will be

devastating to all nations of this earth (UN-IPCC, 2022).

Even with major emissions reductions in the coming years, global warming will
continue for decades due to slow-moving earth systems, feedback loops, and residency
times of greenhouse gasses (IPCC, 2022). Based on the most up-to-date science from
leading institutions, it is clear that humanity can no longer fully prevent devastating
environmental change. The report from the IPCC and other major institutions also make
clear that the level of devastation can still be reduced by greenhouse gas emission
mitigation, and adapted to with resilient solutions. No matter the pace of greenhouse gas
emission mitigation, the acute devastation already experienced in many environmentally-
vulnerable locations around the world will continue to get worse (UN-IPCC, 2022). For
environmentally-vulnerable locations, adaptation is quickly becoming the only hope for

long term prosperity and economic survival.

To be prepared for the environmental changes to come, communities must build

resilience and mitigate carbon simultaneously to be adequately prepared for the uncertain
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times ahead. Greenhouse gas emission mitigation and resource efficiency, often referred
to broadly as ‘sustainability’ without adaptation and resilient improvements is now a
losing bet in environmentally-vulnerable locations (UN-IPCC, 2022). Local carbon
mitigation does not reduce local environmental risk (usually), so it can be easier to justify
defensive resilience measures over decarbonization (UN-IPCC, 2022). Within the United
States, communities and people of all types will face hardships they are not prepared for,
with some densely populated parts of the United States becoming largely uninhabitable

within decades (UN-IPCC, 2022. UCS, 2018. NCA, 2017. Pogue, 2021).

Environmental change impacts on the US economy include flooding, fires,
extreme heat, biodiversity loss, and droughts (NCA, 2018). Environmental change will
not harm every community, area, region, or economic sector in the same way, or at the
same time. Many regions and individual locations within the US are at a significantly
lower risk of environmental hazards, and could see some economic benefits from the
warmer temperatures and worsening conditions in other locations (Shaw and Lustgarten,
2020. Reade and Bendell, 2021). Some areas are under such severe risk that they are
unlikely to be able to support prosperous habitation long-term, such as New Orleans or
Miami (UCS, 2018). High-risk cities around the US represent a tremendous amount of
the economic wealth and prosperity in the US, with many assets stuck in place as real

estate or infrastructure (UCS, 2018).

The real estate sector underpins much of our overall economy and financial
system and is both a major creator and storer of wealth for millions of American

homeowners, but most importantly to this paper, land cannot be moved and large

16



structures typically cannot be moved without costly transplants. Every building is setin a
unique location, on a unique lot, and is usually stuck in that place for its lifetime. In
contrast, after a natural disaster occurs, some people and businesses can relocate
elsewhere to reduce the impacts of the damage on their health. People and businesses can
be considered more mobile than real estate, however in reality many businesses and
individuals are tied to a location and cannot move easily, in similarity to real estate.
Mobility and liquidity will allow certain sectors of the economy, business types, and
Americans to move away from risk, especially multinational corporations and wealthy
citizens. The real estate sector isn't going anywhere, as long as people want to live in a
place or do something useful there, the land will continue to have value. Owners of
vulnerable real estate will need to improve the resilience of their assets, or choose instead
to retreat to a less vulnerable area. At a certain point, for the most vulnerable locations, a

managed retreat can become the only survivable option.

“With the world’s sea levels rising fast, the assumption that land is
the only thing that can’t fly away, or the only thing that lasts, is for the first
time now shown to be demonstrably false. The belief in land’s limitless
stability has informed humankind’s approach to the possession of the world’s

surface for centuries past...but now a profound change is coming”.

(Winchester, 2021).

Real estate, by its nature, cannot be moved to avoid future risks or capitalize on
opportunities. Real estate can be sold, but only when a buyer is willing to pay an

acceptable price. In most recorded history land is thought of as a finite, forever-lasting
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resource on which society is built, but that idea must be tweaked for modern reality
(Winchester, 2021). American land has been increasingly degraded and swept away by
rising seas, runoff into waterways, burned through, or soured by invasive pests (NCA,
2019. Winchester, 2021). US land resources are vast but limited, and those resources are
declining due to the many impacts of humanity on the environment. As the quantity of
quality land in the United States is declining, the population and economy are growing,
and through the forces of supply and demand, prices are likely to increase for resilient

land over the coming decades.

The Impacts of Environmental Change on Real Estate

The impacts of human-induced environmental change include extreme heat,
drought, wildfire, sea level rise, increased storm severity, flooding, ocean acidification,
biodiversity loss, and many lesser-known risks that do not get as much attention but can
be equally as devastating to certain locations, such as the changing habitat of mosquitoes
and agricultural/timber pests (IPCC, 2022). The following pages will describe a few of
those risks that have been studied extensively and have impacts on real estate that can be
projected forward with reasonable confidence, including extreme heat, flooding,
freshwater availability, and wildfire. Due to the extensive research available on the
impacts of environmental change in the United States and around the world, this paper
will provide a basic introduction to each of these four impact types and explain how they
can impact real estate in the United States. The section will also highlight the currently

available research with statistical evidence to suggest that environmental changes are
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already putting negative pressure on values in specific locations and that the scale of risk

represents a macroeconomic risk to the United States economy.

Increasing Temperatures, Extreme Heat Events and Real Estate

Global warming means the average temperature around the world is rising each
year. Higher temperatures lead to several different environmental changes that can impact
real estate by bringing more flooding and wildfires (IPCC, 2022. UCS, 2017). In certain
locations, the temperature difference itself is becoming more dangerous to life and
property, as extreme heat events cause illness and death (Luber and McGeehin, 2008.

UN-IPCC, 2022.).

Extreme heat can have a multitude of negative effects on the human body
including dehydration, stroke, and death, while also decreasing the productivity of
workers and students. Extreme heat can also threaten the lives of heat-vulnerable plants
and animal species, lead to an increase in energy demand for cooling, and increase the
likelihood of flooding, fire, and drought (UN-IPCC, 2022). Extreme heat makes life more
difficult for those beings that have not adapted to sustain themselves in that type of
environment. For a community/society, extreme heat can be a major obstacle to providing
food, energy, water, and emergency services that keep the community functioning and

the citizens healthy (Luber and McGeehin, 2008. UN-IPCC, 2022).

“Despite the high mortality associated with EHE (extreme heat events) and
projections of a warming climate, there is a lack of public recognition of the hazard of
extreme heat exposure, and U.S. metropolitan areas generally lack preparedness
measures such as heatwave-response plans. Part of the problem lies in the fact that
heatwaves are silent killers—natural disasters that do not leave a trail of destruction in
their wake” (Lubin and McGeehin, 2008).
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This paper from Lubin and McGeehin goes on further to describe the proven
increase in the occurrence and severity of extreme heat events in the US, as well as the
widely researched urban heat island effect that makes temperatures in cities warmer than
the surrounding suburbs (Lubin and McGeehin, 2008). The risk of extreme heat is
greatest in locations that are already very hot, including the majority of the Southwest
and Southeast United States, however, cooler regions can be at risk from lack of

preparedness (FEMA, 2021).

The elderly and children in buildings without air conditioning are especially at
risk from extreme heat events, and in locations without a history of such events, that is a

widespread risk across the states (FEMA, 2021).

Extreme heat events can have extensive economic impacts: overloading the power
grid, increasing utility and maintenance costs, and grounding commercial airplanes. A
direct link between the value of location and extreme heat in the United States has not
been found, but it can be logically assumed that if in 2023 it is difficult to work or walk
outside without shade or water for an hour then rising temperatures will negatively
impact the quality of life and economy of the location, putting downward pressure on the

value of real estate.

For a sense of the scale of the extreme heat risk across the United States, a recent
study from the First Street Foundation (a non-profit research and technology group that
publishes environmental risk reports for U.S. real estate) analyzed property-level heat

risk data and determined that 50 counties, home to 8.1 million people, are expected to

20



experience temperatures above 125°F at least once during the year in 2023. By 2053,
1,023 counties are expected to exceed this temperature, home to 107.6 million Americans
and covering a quarter of the US land area” (First Street Foundation, 2022). This region
of fast-growing extreme heat risk, concentrated in a geographic area the group calls the
"Extreme Heat Belt," stretches from the Northern Texas and Louisiana borders to Illinois,
Indiana, and into southern Wisconsin (First Street Foundation, 2022). The areas that have
a history of moderate temperatures that are beginning to see more instances of extreme
heat can face more risk than those areas that have developed around living with extreme
heat. Areas where air conditioning is uncommon and local governments lack emergency
response plans for extreme heat are especially at risk from higher temperatures and more
extreme heat events. The growing likelihood of extreme heat events as a result of climate
change is a risk that cannot be ignored for real estate decision-makers in the southern
states that are the hottest in the United States, as well as for northern states that are not

well prepared for these events.

Flooding, Hurricanes, Sea Level Rise and Real Estate

As global average air temperatures increase, the frozen freshwater of the polar
regions melts, and flows down into the oceans, causing the sea level to rise. The
measured increase in global average ocean temperatures also leads to an expansion in the
volume of water, causing sea levels to rise even more than can be attributed to meltwater
alone, and this warmer water also brings with it bigger and more costly storms (UN-
IPCC, 2022. First Street Foundation, 2022). The increased likelihood and severity of
flooding, and the growing cost of its damage, is one of the most destructive impacts of
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climate change on communities and real estate. Coastal cities and communities at low
elevations, such as Miami, New Orleans, and Houston, face the most severe risks from
sea level rise and extreme precipitation events in the United States (NCA, 2018. First
Street Foundation, 2022. FEMA, 2021). A 2005 study of environmental impacts on real
estate in Carteret County, North Carolina, using a hedonic model to determine the factors
of real estate value, found that "average property values are 5-10% lower if located
within a flood zone” (Bin and Kruse, 2005). This study also pointed to the important fact
that populations are growing in coastal zones at more than double the national rate,
leading to strong growth in the value of coastal properties over time (Bin and Kruse,
2005). A 5-10% lower valuation due to location in a flood zone shows that current real
estate values can sometimes take into account current environmental risk ratings,
however, this does not mean current prices reflect the projected changes in environmental
risk. Other studies, from the United States and abroad, have found little or no statistical
relationship between flood risk and real estate value using a variety of models (Cupal,

2014. Bin and Kruse, 2005).

Not only are coastal cities and communities at risk, but also the communities that
are located within river floodplains (IPCC, 2022). Many inland states, including West
Virginia and Kentucky, face extreme flood risks that are made worse by the less
predictable precipitation patterns brought on by environmental change (IPCC, 2022. First
Street Foundation, 2021. NCA, 2017). While the topic of inland riverine flooding
receives less attention in academia and the media than coastal flooding, it is an equally

important risk for real estate stakeholders to consider.
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Even a small amount of flood water can cause costly damage to property by way
of direct water damage and mold, losses of critical systems and utilities, and result in
higher operations costs due to higher insurance premiums and repair costs. The impacts
of flood events on real estate value were hedonically modeled in 2017, and again in 2019

by a team from Cornell University, which found that;

“While the empirical evidence on the pricing of flood risk exposure in residential
real estate held by uninformed households is mixed, this study shows that sophisticated
investors in commercial real estate markets rationally respond to heightened flood risk
by bidding down the prices of exposed assets. Using a detailed property-level database

on commercial real estate transactions completed in New York, Boston, and Chicago
before and after the shift in the salience of food risk caused by Hurricane Sandy, we
document that properties exposed to flood risk experience slower price appreciation after
the storm than equivalent unexposed properties. We further show that: the price effect is
not driven by physical damage incurred from Hurricane Sandy, nor by concurrent
unrelated pricing trends for waterfront property; it persists through time, suggesting it
does not reflect a temporary overreaction that is subsequently reversed; it is driven by
higher risk premiums for exposed properties; and it is exacerbated by contagion from
locally important occupiers.” (Cupal, 2014).

There is statistical evidence that high flood risk leads to slower price appreciation
after a major storm, and the slower depreciation does not subside over time (Cupal,
2014). This finding along with other similar analyses proves that environmental change is

already impacting the value of real estate.

A 2018 report on US real estate and flood risk from the Union of Concerned

Scientists found that,

“more than 300,000 of today's coastal homes, with a collective market value of
about $117.5 billion today, are at risk of chronic inundation in 2045, a timeframe that

falls within the lifespan of a 30-year mortgage issued today. Approximately 14,000
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coastal commercial properties, currently assessed at a value of roughly $18.5 billion,

will also be exposed to severe flood risk during that time frame” (UCS, 2018).

The UCS study focused on the effects of sea level rise on residential real estate,
comparing the potential impacts of several global warming and sea level rise scenarios
(UCS, 2018). These sea level rise risk estimates for total value-at-risk in the United States
do not take into account inland river flood risk, the damages to infrastructure, the
economy, and government services that can lead to significantly more value depreciation

than from water damage attributed to sea level rise alone.

Sea level rise, increased storm severity, and the increased prevalence of floods, all
worsening symptoms of environmental change, represent a catastrophic risk to certain
markets, especially low-elevation areas along the Atlantic and Gulf coasts and properties
already located within FEMA's 100-year floodplain modeling (UCS, 2018. First Street
Foundation, 2021). The density of the flood risk in certain real estate markets across the
country is on a scale that could lead to local systematic risks to the macroeconomy within
the next 30 years, and of a type that could lead to a national real estate-financial crisis
(UCS, 2018. First Street Foundation, 2022). A recent study published in 2023 in Nature
Climate Change found that “residential properties exposed to flood risk are overvalued by

US$121-US$237 billion, depending on the discount rate” (Gourevitch, et al., 2023).

Wildfire Risk to Real Estate

As global temperatures continue to increase, and droughts become more common,

the communities that have experienced a history of wildfires will see an increase in the
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severity of fires, and the acres of land at risk of burning grows by the year (UN-IPCC,
2022. Miranda, et. al, 2015). Large wildfires are already burning millions of acres of land
per year across the American West, with many buildings also caught in the path, leading
to consequences for people's health, quality of life, and economic security in the most

affected areas (NCA, 2017. Miranda, et. al., 2015. Solnit, 2009).

In 2022, the First Street Foundation released a first-of-its-kind national property
fire risk report in the US, following up on their groundbreaking report on flooding and
US real estate (First Street Foundation, 2022). The wildfire risk model grades property-
level resilience at the parcel level across the US. This report allows consumers to access
the "first free source of high-quality probabilistic wildfire risk information at the property
level” (First Street Foundation, 2022). Up until 2022, calculating property-level risks
took analytical and software skills, and time. Now, all individuals and businesses need is
internet access to find out the environmental change risks of every property in the US,
through FEMA, First Street Foundation, and other quality, free information sources. This
means that renters, homebuyers, investors, and governments can begin to factor future
environmental risk projections into their current investment decisions. The 'Risk Factor
tool from the First Street Foundation gives investors the property-level, environmental
risk projections that are needed to make informed decisions regarding long-term
profitability and resilience (First Street Foundation, 2022). This environmental change
risk analysis tool, and others like it, will inform consumers, lenders, developers, and
investors, pushing the market to incorporate environmental risk projections in property

valuation, which is generally not done today.
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Figure 1: National Fire Risk Map (First Street Foundation, 2022)
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County-level fire risk Map of the United States, based on property-level risk data,
from the First Street Foundation (First Street Foundation, 2022).

A study conducted by First Street Foundation found that over 50% of residential
real estate in the United States, or about 80 million properties face some significant-level
of risk from wildfire, while 7% of property were characterized as being at Extreme,
Severe, or Major risk of wildfire damage in 2021 (FSF, 2021). These risks are
concentrated in the western half of the US, with only minimal projected wildfire risks for
most of the eastern states. Almost 30% of all homes in the American West face Major,

Severe, or Extreme fire risk over the next 30 years (First Street Foundation, 2022).

Like flooding, wildfires can destroy a single building or an entire community of
buildings very quickly, while also wreaking havoc on infrastructure and natural systems.
Those facing extreme wildfire risks in their area should take action to reduce those risks,
including buying insurance, moving to a lower-risk area, managing local forest floor
cover, or constructing homes/buildings with flame-retardant materials for property-level

wildfire resilience.
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There are several similarities between flood risk and wildfire risk in that they can
both be catastrophic, hit the same areas repeatedly, and insurance will often pay for a
home to be rebuilt in the same places with the same materials. While traditional
homeowners insurance does not cover many types of flood damage, wildfire damage is
generally covered under standard policies (Mockrin, 2015). Homeowners generally do
not need to purchase separate fire insurance beyond their standard home insurance policy,
leading to a large insurance premium pool that brings down the costs for individuals, but
also leads to more policies with inaccurate risk premiums and homeowners paying more

each year regardless of their on-site risks (Mockrin, 2015. Brenkert, et al. 2005).

To lower the risk to a community after a disaster, homes that are destroyed should
not be rebuilt on the same site. Instead those funds could be used to build a home on a
more resilient piece of land. A managed and incentivized retreat out of the most high-risk
wildfire areas can be one of the most cost-effective ways for communities to build long-
term resilience, with each home moved out of harm's way representing one less family to
save or bail-out during and after a wildfire crisis (Miranda, et al., 2015). A study of a
wildfire event in Boulder, Colorado in 2010 found that after a major fire destroyed over
150 homes, only 30% had been rebuilt 3.5 years later (Mockrin, 2015). For a small
community, losing over 100 homes can be a major hit to the local tax base, and thus
government services, putting the community at even higher risk from environmental
change impacts. This report also found that communities were far more accepting of
resilience policies and government spending immediately after the crisis (Mockrin,

2015).
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There are resilience solutions at the property level to adapt to wildfires, as well as
forest management solutions at the community/city/state level, however for certain
communities facing extreme risk to a majority of inhabitants, the long-term economic
outlook is very bad and the only logical solution appears to be a full retreat. Building
with fireproof materials, reducing dried brush around a structure or in the forest, or
managing a retreat away from the highest risk locations with property buyouts,
demolitions, and zoning can improve resilience for those individuals and businesses at
high risk of wildfire, and the surrounding community. There are limits to the
effectiveness of all resilience solutions at the property or local levels, and certain

locations will cease to be able to support human habitation in the 21st century.

Freshwater and Drought

Freshwater is necessary for all humans to survive, and even more freshwater is
needed to maintain agricultural yields and energy supply. Due to the necessity of
freshwater for all aspects of human society to function, it can be assumed that the
availability of freshwater can impact real estate values. How much value is there in a city
or individual piece of land if you cannot survive on it, can't grow food, and can't generate
electricity without expensive adaptations? Freshwater is not unlimited; it comes in finite
quantities and is spread unevenly across the states, leading to both risk and opportunity

(Fishman, 2012).

Members of highly developed societies, and especially Americans, often think of

water as an infinite resource, but while there is abundant saltwater on earth, there exists
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only a comparatively minuscule amount of accessible freshwater. Limited freshwater
resources are already being fought over around the globe, and due to environmental
degradation from human activities and environmental change, those resources are
becoming more limited each year. Global warming means more evaporation of surface
water, as well as stormwater flooding that can spoil freshwater resources. For coastal
areas facing sea level rise, as the saltwater encroaches on the land it can turn freshwater
resources into unusable brackish water. Pollution of freshwater resources arising from
human uses, such as in agriculture, power generation, and manufacturing further limits
our nation's freshwater resources. Polluted discharge from these operations is generally
sent into rivers, lakes, and groundwater with limited treatment and oversight. This causes

algae blooms and other forms of freshwater degradation.

Freshwater can often represent a tragic case of the tragedy of the commons, for
when there is a finite public resource, private individuals and corporations are
incentivized to maximize their utility from that resource (Fishman, 2012. Reisner, 1986).
Individuals, corporations, and governments often pull as much water from the ground, as
quickly as they can, to facilitate profit-making enterprises, before the resource is
exhausted (Fishman, 2012. Reisner, 1986). Those with the most financial resources to
begin with are most able to take advantage of a common resource and exploit it through

superior capital expenditure.

Many cities and towns are already experiencing the difficulty of extremely limited
freshwater resources, especially in the southwestern United States (NCA, 2017. Fishman,

2012). In many parts of the Southwest, limits on the extraction of groundwater and water
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budgeting policies have been implemented to try to preserve the resource for years to
come, although the effectiveness of these programs to maintain current quality of life and
economic output is unclear (Fishman, 2012. Reisner, 1986. Kearney, et al., 2014). The
reliable supply of clean, accessible freshwater is shrinking for communities across the
country, and the demand for freshwater is increasing with the growth in population,
agriculture, and economy (NCA, 2018. Fishman, 2012). While humans have proven their
ability to survive in desert locations around the world, losing access to freshwater makes
life a lot more difficult, and leads to the correspondent issues of crop failure, famine,
economic instability, and political instability that can have tremendous impacts on the
value of property (Kearney et al., 2014. UN-IPCC, 2022). The solutions to water scarcity
are limited in effectiveness for locations where too many people are living resource-
intensive lives without the water resources to support that level of development and
population (Kearney et al. 2014). Locations without reliable access to freshwater in 2023
have little hope for long-term economic success given the need for freshwater to support
a stable society and economy, and the political difficulties and cost of moving large

amounts of water over distances to keep a thirsty city alive.

In locations with freshwater scarcity, properties with rights to sustainable
freshwater resources are more resilient in the era of environmental change, which leads to
one of the resilient investment strategies that will be introduced and discussed
subsequently in this paper. From a long-term perspective, the Midwest region's proximity
to the largest above-ground freshwater resource in North America, its fertile soils,

infrastructure, and links to Canada, make it an obvious target for real estate investors
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seeking long-term resilience (Pogue, 2021. Kruegger, 2018. Shaw and Lustgarten, 2020.

FEMA, 2021. NCA, 2018).

Other Environmental Risks

The warming of the earth — due to the exhaust of global industrialization — and its
associated impacts on humanity, is only one piece of the environmental crisis. Humanity
will also need to learn to live in a world with less biodiversity, depleted ecosystem
services, increased pollution levels, fewer environmental sinks to dispose of our wastes,
and dwindling critical resources such as quality topsoil, natural food sources, forests,

clean freshwater, and fossil fuels (UN-IPCC, 2022).

The Inevitability of Further Environmental Change in 21st Century

Consider the scenario where humanity reaches net-zero carbon emissions this year
and begins to reverse the impacts of global warming by sucking carbon dioxide out of the
air and pumping it underground or some other method of storage after capture. A
reduction in global emissions in 2023 will not show up in the reading of global
temperatures and lived experience on the ground for many decades (UN-IPCC, 2022).
Due to the distance between action and results, convincing Americans to drastically curb
their emissions will be an extraordinarily difficult task. Many Americans don't believe in
human-caused climate change — possibly because it conflicts with their worldview or due
to an aversion to the institutions that produce the scientific research on the topic — and
many American politicians are paid in campaign donations and other benefits to mislead

their constituents about the risks of environmental change by that same companies who
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rely on systems that cause environmental changes. There are also those Americans who
believe in human-caused climate change but believe in a future technology that will save
us, or the decision-making of deeply self-interested politicians will save us, or there are
huge inaccuracies in the math of thousands of competing scientists and we will be okay.
These are all ignoring the reality of environmental change in the present and near-term

future that can not be avoided and must be adapted to.

Global environmental change — global warming, resource limits, natural disasters,
etc. — represents a fundamental crisis to humanity, requiring us to evaluate where we live
and how we live to protect ourselves, our families, and our communities, and in doing so
improve the resilience of our nation and humanity (Bendell, 2018. IPCC, 2022). The
question of global warming and its solutions are not the focus of this paper, and
regardless of whether the impacts of the climate change crisis are to be successfully
reduced through greenhouse gas emission mitigation by 2050 Americans will continue to
need to adapt to environmental change in real time to survive and protect their families

and assets in the 21st century.

Spatially Diverse Risk and Mapping Risk and Resilience

The scale and scope of the impacts of environmental change are spatially diverse:
individuals, communities, cities, states, regions, and nations will experience
environmental change in different ways. Certain locations in the United States will
experience environmental changes leading to economic losses, while other locations may

benefit from environmental change. The environmental resilience of an individual,
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property, or community is a function of both the expected environmental changes and the
ability to adapt. The previous section introduced a few of the many environmental change
impacts that will put downward pressure on real estate value, while this section will
introduce the spatial disparities of those impacts across the United States. The two maps
below will begin to show a picture of two Americas — one of vulnerable locations and

another of resilient locations — clustered in specific regions.

The FEMA National Risk Index (county-level) is a composite metric of three
factors: ‘Expected Annual Loss’, measuring expected losses in GDP from environmental
impacts; ‘Social Vulnerability’, measuring the percentage of people who are minorities or
live in poverty within an area; and ‘Community Resilience’, a composite rating of the

ability of a community to respond to disasters, called the ‘Baseline Resilience Indicator’

(FEMA 2021).

Figure 2. National Risk Index Map (FEMA, 2021)
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The National Natural Hazard Risk Index, a county-level resilience rating map
produced by the Federal Emergency Management Agency. FEMA, (2021).

From the FEMA National Risk Index map, we can identify a clear trend of
resilient locations being concentrated in the northern US away from the coasts, with the
most resilient locations located primarily in the Northern Plains, Midwest, and Northeast
states. Florida, California, and New Mexico immediately pop out as states where the
majority of counties are graded as facing ‘severe’ or ‘extreme’ risk from environmental
threats. The southern states have pockets of resilient counties surrounded by risk, while

the northern states have a few risky counties surrounded by resilient ones.

The next map focuses on the projected economic damage from climate
change, also at the county level. As contrasted with the National Risk Index, which
grades short-term environmental risks by county, the map below, produced by the
Rhodium Group and Propublica, projects economic damage by county in the period of
2040-2060 (Shaw and Lustgarten, 2020). This rating model leverages five factors (heat,
wet-bulb temperature, farm crop yields, sea level rise, and very large fires) to model the

risk of future economic damage as a result of environmental change.

“Rising energy costs, lower labor productivity, poor crop yields, and increasing
crime are among the climate-driven elements that will increasingly drag on the U.S.
economy, eventually taking a financial toll that exceeds that from the COVID-19
pandemic in some regions. Rhodium measured how much damage — or how much of a
benefit — those counties might see, as a share of their GDP.” (Shaw and Lustgarten,
2020. Rhodium Group)
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Figure 3. Projected Economic Damage from Climate Change between 2040-2060.
(Shaw and Lustgarten, 2021)
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A projection of economic damage as a percent of GDP between 2040-2060 for
each county in the United States, mapped by Shaw and Lustgarten in association with the
New York Times and ProPublica (Shaw and Lustgarten, 2021). The locations in dark red

are the most vulnerable locations in the United States, and the areas in dark green are
the most resilient to environmental change.

The map above shows a major concentration of vulnerability along the Gulf Coast
and southern-Atlantic coast. Both maps show a general trend of higher risk in the south
and lower risk in the north, with Midwest, Northern Plains, and inland Northeast
appearing to be the most resilient, and the coastal Southeast and dry Southwest as the
most vulnerable regions in the United States. Florida, Mississippi, North Carolina, South
Carolina, Louisiana, Texas, and New Mexico have multiple counties with climate

damage as a percent of GDP above 3.5% per year (Shaw and Lustgarten, 2020. Rhodium

Group). This projected impact on GDP, along with the migration and investment changes
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that would accompany it, could put significant downward pressure on values within a
twenty-year timeline, well within the term of a traditional 30-year mortgage. These two
metrics of risk and resilience, and the risks outlined above, should make any real estate
owner question the economic sense of holding long-term assets in the highest-risk

locations identified in the maps above.

Real Estate Value: Land Rents, Market Value, Income Capitalization, and Climate
Change

To understand the impacts of climate change on real estate value, we must first
understand how the value of real estate is determined in both a theoretical context and a
market-based one. The value, or expected transaction price, of real estate is determined
by many factors including its location and asset quality compared to properties within the
same market (city) or submarket (neighborhood), the rents and profits it produces
(profitability), and the cost of reproducing the structure (reproduction cost) (Pagourtzi, et
al., 2003). Each of these determining factors can be impacted by environmental change
(Clayton et al, 2020).

To discuss the topic of climate change impacting the value of real estate, we must
first consider why a piece of land has value. Why does the land itself, or a piece of dirt,
have value? After outlining why a piece of land has value, | will explain how the value or

market price of a piece of land or real estate is determined in a modern economic context.

Why does land have value? Literature Review on Land Rents theory

Three centuries of economic research has determined that a piece of land has
value due to two primary characteristics: the tenant rent potential and the distance to a
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central market (Von Thunen, 1826. Roberts and Woods, 2011. Fujita, Krugman, and
Venables, 2001). The productivity of a piece of land can be measured in a few ways, with
the classic model incorporating farmers 'bid-rents’, or the maximum amount a farmer can
pay the land owner while growing crops and selling them with enough of a profit margin
to survive (Roberts and Woods, 2011. Fujita, Krugman, and Venables, 2001). In the
earliest days of national-economic thinking in the 17th and 18th centuries, in the days of
Adam Smith and VVon Thunen, the utility value of a piece of land was determined
primarily by its environmental factors, such as soil quality and hydrology patterns.
Throughout history, economists have worked to develop models for predicting the value
of real estate, with early efforts focused on the agricultural productivity of a piece of land
and the distance to market in determining transport costs (Roberts and Woods, 2011).
The original agriculture model is valuable because of its simplicity: the rent that
determines the value of land is determined by the productivity of the land, the cost of
doing business for the farmer (seeds, equipment), and transport costs (getting the goods
to market), leading to a maximum amount that a farmer can survive in life and business at
that price, also known as the 'bid rent' (Wood and Roberts, 2011. Fujita, Krugman, and
Venables, 2001).

In the classic models of land rents and location theory, the best quality land near a
central town has the highest value, while land that is of lower quality or further from the
central town market is valued lower due to transport costs to the market (Von Thunen,
1826). The value of a piece of land, or its market trading price, has historically been

determined by investors in the same way as it is today, by the rent it can command. A
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piece of land with a more productive environment for crop growth could command a
higher price than a comparable property that has less productive soils, and property closer
to the central market could command higher prices due to lower transport costs of tenant
farmers or businesses (Von Thunen, 1826). Following the industrial revolution and the
rush of agrarian workers to manufacturing centers in cities, the classic land value model
was adapted to a model less focused on land agriculture productivity (Fujita, Krugman,
Venables, 2001). The theory that the most valuable land is located near the market, or
urban core, and the least valuable land is located in the periphery, was first described in
Western economic theory in 1826 by VVon Thunen, but the idea has likely been
considered by real estate investors and governments for thousands of years (Von Thunen,
1826. Fujita, Krugman and Venables, 2001. Winchester, 2021). This theory accurately
describes the spatial value distribution within a given real estate market today, where the
properties near the core are generally the most valuable and the properties furthest away
have the least value (Woods and Roberts, 2011).

With the onset of the industrial revolution economic theorists moved away from
the classic agricultural-based models towards a valuation model more equipped for the
age of centralized factories (Wood and Roberts, 2011. Fujita et al., 2001). The value of
land was determined less by its inherent environmental conditions (rainfall and soil
composition) and more by its distance to an industrial base or market, based on the rent
that could be afforded by a city factory worker, or today more likely a city office worker
(Wood and Roberts, 2011. Fujita et al., 2001). The further development of the cities and

shift towards a service economy, has led to real estate value being further determined by
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its proximity to a major city (representing an industrial/service hub). The factor of
agricultural productivity is replaced in the modern context by its rent-productivity, no
longer determined by crop yields, but instead by how much an individual or business is
willing to pay to live or work in a certain location. In the modern service economy, the
greatest determinant of real estate value is its location in proximity to the urban core of a
city, along with more nuanced factors of quality of life and economic opportunity in
those areas.

The agglomeration of industries has led to the further skewing of value for land
around specific industry hub locations. Locations with extreme concentrations of specific
industries that can maximize economies of scale and network benefits have experienced
rapid growth in real estate value (e.g. Wall Street and Silicon Valley) (Fujita, et al.,
2001). The concentration of office and retail sectors in downtown districts leads to
different patterns in the value of land and also the economics of housing around those
locations. The pattern of agglomeration further complicates the model of assessing or
predicting the transaction value of land today and going forward. It is not clear where the
industries of the future will agglomerate. The value of housing relies on the demand and
supply for it, and demand is driven primarily by jobs. If there are relatively good job
opportunities in an area, real estate in that area is likely to be more expensive than where
jobs are limited because workers pay rent in relation to their income.

The traditional models of land rents seek to determine the inherent value of real
estate in a simplified way to draw conclusions about economics and markets, but not to

accurately predict the value of an individual property. The theoretical simplifications
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leave out important factors for determining real estate value in a modern context, such as
quality of life factors in a particular area. Quality of life (environment, education,
services) is an extremely important characteristic when considering the value of
marketable property in a modern context. Consider why a home that is closer to the core
of a city may be less valuable than a property of identical size and construction quality as
a suburb that may be 10 miles from the core. Adam Smith, in his famous work, The
Wealth of Nations, states that "every improvement in the circumstances of the society
tends either directly or indirectly to raise the real rent of land, to increase the real wealth
of the landlord" (Smith, 1776). This highlights the reality that many more factors go into
the value of land than simply its proximity to a market and its production capacity, as the
classic models of land value describe. The theory of agglomeration could be applied to
the topic of resilient real estate, in that property vulnerability is clustered due to the
spatially unequal nature of environmental impacts and the local market dependencies of
real estate value. Resilient locations are likely to attract migrants and capital in the era of
environmental change and see stability or growth in property values, while real estate in
vulnerable locations that cannot adapt is likely to be devalued (Pogue, 2021. Sheldon,
2017. Clayton et al, 2021. Krueger, 2018. Shaw and Lustgarten, 2020). The literature
review to follow will explain how the market value of a property is determined by current
real estate decision-makers, which is critical for understanding how climate change can
impact the value of real estate, and for understanding the approach to resilient real estate

investment in the later sections.
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Supply and Demand Forces and Resilient Real Estate

As the impacts of environmental change further erode the land and quality of life
of millions of acres and Americans, the supply of resilient land is decreasing as the
demand for it is increasing due to the growth in population and economic output of the
United States (Pogue, 2021. Winchester, 2021). The value of real estate is impacted by
the classic market forces of supply and demand, with landlords and developers as the
suppliers of the space for living and working, and with individuals and businesses
demanding that space to live and work. Besides population growth/decline and economic
growth/decline, many other factors impact the supply and demand for real estate.
Demographic changes, agglomeration, employer policy changes/layoffs, school quality,
healthcare quality, major institutions such as state governments, large universities, and
military bases can impact the demand for property in a location, as well as chronic
environmental change and acute natural disasters that are beginning to impact demand for
high-risk property (Clayton, et al. 2021. Cupal, 2015. Bin and Kruse, 2006). The cost of
land, the cost of construction (including labor and material, architectural and engineering
plans, environmental reviews, financing, and other costs), the rate of new construction,
zoning, and building codes, all impact the supply of real estate. Acute natural disasters
and chronic environmental risks can also impact the supply of real estate by eroding land,
destroying homes, driving up the cost to borrow and insure, and thus driving up the cost
to build in a multitude of ways (Clayton et al, 2021. Boland et al, 2021. USGBC, 2021).

As the environment changes, the supply of resilient land will continue to fall, and the
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demand for resilient land will rise as the projected impacts of climate change become

further incorporated into current real estate valuations and consumer decision-making.

The Value of Rights Associated with Real Estate Ownership

The value of real estate encompasses not only the land and built structure, but also
the rights associated with property ownership in the United States. Known within the
industry as the Bundle of Rights, these include the rights of possession, control,
exclusion, enjoyment, and disposition (Poorvu and Cruikshank, 1999. Pagourtzi et al,
2003). There is an extensive body of law related to property and the legal rights attached
to real estate ownership, but the basic principles are that an owner of real estate can do
what they want with their property (within the bounds of local zoning and public policy),
control who is allowed on their private property (without discriminating, if it is an
income property), and transfer the property as they see fit, all without unreasonable
interference from the government.

In practice, all of these rights are limited by the government to different degrees
depending on the state, with important implications for projecting the economic changes
of climate change impacts, policy solutions, and investments. The government has the
right to take land from private individuals for public benefit and is required to pay a ‘fair'
price for it, in a process known widely as eminent domain (Lovett, 2016). The rights of
property owners are and always have been limited by the government for the benefit of
society, with major implications for the value of the property (Winchester, 2021). For
investors and developers, the specific local zoning laws and building codes defining what
can and cannot be built on a property have enormous implications for value. Changes in
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these laws have major implications for the market, by changing the rights of property
owners, and thus changing the value of properties within that jurisdiction of zoning
and/or building codes (Coaffee and Lee, 2016). Zoning laws that allow the local
government to determine where and what property owners within their jurisdiction are
allowed to build, and the government's right to take your land — through eminent domain
— are two of the strongest tools governments have available to propel resilient decision-
making in order to protect individuals and markets in the United States (Coaffee and Lee,
2016).

The effects of zoning on real estate value and resilience vary depending on the
investment strategy, since zoning rules can preserve value by restricting the supply of
housing due to the limits on density (lower supply leads to higher prices), or it can also be
a primary factor in the value of a property if the owner is allowed to develop something
more profitable than the current use (Poorvu and Cruikshank, 1999. Winchester, 2021).
Developers can make their entire careers on the zoning and development potential of a
single rare property that has been missed by the rest of the market (Poorvu and
Cruikshank, 1999). Inside information is not only permitted in the real estate industry, it
is a standard of the real estate market and often the key to understanding a transaction
price, especially on large trades (Poorvue and Cruikshank, 1999. Winchester, 2021). Due
to the individuality of property, its non-fungibility, and the stability of its place in space
through time, each property's value is determined imperfectly, with far more limited
information than what is available to investors in public equity or debt markets where a

greater level of transparency is required by law. For example, two individuals with long
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careers determining the value of a property as appraisers or assessors for a mortgage
lender or tax jurisdiction, are more likely than not to determine different predicted market
transaction prices for the same property. The exact market value can only truly be
determined when a market buyer is found and an agreeable price is determined and
closed on. For investors, this means that market research and due diligence are crucial
before any investment decisions are made, and this is even more so the case in resilient
real estate investment decisions (Clayton, et al., 2021).

Based on this short review of the historical and modern literature relating to real
estate valuation, it becomes clear that real estate value is determined by a combination of
its location and productivity in terms of rents, with transaction prices further explained by
a multitude of supply and demand factors that impact a potential buyer's willingness to
pay. Only some of these factors can be quantified accurately in a model. It is important to
consider that the perceptions about a location can impact the value of the property even if
those perceptions are unsupported by reality. For example, consider a hypothetical
vulnerable location where the current perception is that the local real estate market will
continue growing in population and economic output indefinitely with a stable
environment. Consider if new information became available, perhaps after a disaster, and
perceptions changed as to the long term outlook of the location. Changing perceptions
about resource limits or other environmental changes can have significant impacts on the
value of property, potentially even before physical risks of environmental change are

experienced locally.
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Literature Review of Methods for Determining Property Market Value

The market value of real estate is traditionally determined in one of three ways:
the income approach, the reproduction cost approach, and the comparable
property/market analysis approach (Pagourtzi, 2003). The income approach is the most
common for commercial properties, often called investment properties, which include
multifamily properties, offices, hotels, industrial, retail, and any type of real estate that is
not considered residential (1-4 residential units at a single property) (Pagourtzi, 2003).
For a single-family home or condo property, the most common valuation method is the
comparable sales and market analysis approach, comparing the asset to recent sales in the
area to project a likely transaction value (Pagourtzi, 2003). Based on this approach, if
homes in an area are selling for less than a couple of years ago (due to any factor) then
the subject property's transaction price is expected to be lower than it would have been a
couple of years before (Pagourtzi, 2003). If that decline in sales prices is due to
environmental risk, then a property with comparably strong site-level resilience might
retain its value for longer than a comparably vulnerable property, which is the general
concept of locally-resilient property that will be explained further later in this section.

The market value of a home can also be estimated using the reproduction cost, or
the cost of rebuilding an asset of the same quality (Pagourtzi, 2002). The reproduction
cost approach and the income capitalization approach require a level of information and
contain enough complexity that they are usually ignored by the average homeowner or
real estate agent in the valuation of real estate, in favor of a classic market

analysis/comparable-sales approach.
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Income-producing properties, such as multifamily buildings, retail strips, or
offices are most often valued by a function of the income they produce, known as the
income capitalization method of valuation or appraisal (Pagourtzi, et al. 2002). The basic
formula for calculating a property's current value based on its future profit potential is net
operating income (NOI) divided by market value equals the capitalization rate. The net
operating income is the collected rental income plus other property income (such as
laundry and utility reimbursement), minus the total operating expenses (e.g. real estate
taxes, insurance, repairs and maintenance/management fees/marketing, etc). Operating
expenses do not include mortgage payments (cost of capital) or capital expenditures
(capital improvements). The 'cap rate’, as it is known, generally holds steady for a
specific property type and quality in a specific location, and those with an accurate
estimate of a location's cap rate (given the asset type and quality) can easily determine the
potential transaction value of any property with only its NOI (Pagourtzi, 2003). This is a
simple method, but it is the primary baseline for the valuation of income-producing
properties. The results of the income capitalization valuation are often compared to the
results of a market/sales-comparison approach, and the reproduction cost estimate if it is
available.

The income potential of a commercial property is the crucial determinant of its
value, similar to a company. If the income of a property goes down, or its expenses go
up, this change in income potential will lower the property's value. Real estate taxes and

insurance can often be the largest operating expenses for owners of income-producing
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properties while other significant costs include utilities (tenants often pay for some or
most utilities), repairs and maintenance, and management costs.

Other valuation methods include more intricate math and data tools to build more
accurate models of real estate value. An example of this is multiple linear regression,
which can be used to build a model that attributes value to the different factors that
impact the value, such as size, bedroom count, bathroom count, and distance from
downtown. This sort of model can be used to identify the value of a property that can be
attributed to certain characteristics related to environmental change.

Resilient real estate investment decisions must consider not only the current
profitability and market value, but also the future value, without perfect information in

the present, and especially not for the future.

Income Capitalization: How Environmental Change Can Impact the Value and
Profitability of Commercial Real Estate

To understand the concept of resilient real estate it is important to understand the
many different ways that environmental change can impact the valuation of property.
This section will primarily focus on the impacts of environmental change on the income
and expenses of an income-producing property, whether that be a large multi-family

building or another commercial real estate type.
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Figure 4. Impacts of Climate Risk on Real Estate Asset Performance (Clayton, 2021
referencing Wilde and Coley, 2011)

Reduced rent from fall in demand
Reduced occupancy rate from fall in demand

Longer to re-let space / weaker tenants

Effects on Changes to feasible uses impacting on income

cash flow Increased operating costs (building services)

. Increased capital costs (repair/restoration)
¥ Outgoings
Higher insurance premiums to reflect higher risks

Higher property taxes (clean up and mitigation costs)

: Greater cash flow volatility
Risk i Reduced liquidity / saleability of asset
premium W Reduced insurability of asset
Effects on Greater site and location risks

capitalisation &=
rate

Reduced rental prospects for location

Expected ‘ Increased depreciation for non-resilient buildings

growth Reduced future occupancy rates

frequent and/or severe weather events

Increased operating and capital costs, taxes, etc.

Increased risk in location stemming from more

Cost of Higher margins stemming from increased risk

finance Higher DSCRs to cover cash flow volatility

Effects on

financing Availability
of finance

Reduced willingness to lend in location
Lower amounts lent / more security sought

Fewer potential equity partners

Developed with reference to de Wilde and Coley (2011)

This chart, created by Jim Clayton in 2021, referencing a 2011 paper by Wilde
and Coley, details the impacts of extreme weather on real estate value, in terms of
impacts on cash flows and capitalization rates, as well as impacts on financing. Extreme
weather events lead to less income, higher costs, higher capitalization rates to reflect
risks, and higher interest rates, all impacting the profitability of real estate assets
(Clayton, 2021. Wilde and Coley, 2011).

Based on the information provided in the table above and the insights in the
previous section, | have created the following table to display how environmental change

can impact the income and expenses of a property. The estimated revenues and expense

figures are unscientific estimates used for the sake of showing how small changes in
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income and expense items and capital costs can have a significant impact on the valuation

of real estate.

Table 1: The Effect of Environmental Risk on Profitability, Income, and Expenses

Revenue

Income and Dollar Percent Environmental Change Post-
Expense Item Amount of GPR Impact on Income and Environmental
Type Expenses in High-Risk Change Dollar
Locations Amount
INCOME Environmental change can
negatively impact the value
of real estate by decreasing a
property's potential rental
income.
Gross Potential $1,000,000 100% Decreased demand and lower $950,000
Rent area rents for similar units
(GPR: annual leading to a lower GPR.
revenue potential)
Vacancy (-) $50,000 | 5-10% Less demand leading to $70,000
(empty units) higher vacancy.
Bad Debt (-) $20,000 2% More disasters and damage $30,000
(unpaid rent) leading to more unpaid rent.
Concessions (-) $10,000 1% Less demand leading to the $15,000
(giveaways) need for more concessions to
attract tenants.
Actual Rental $920,000 92% Lower Actual Rental Income $880,000
Income due to lower GPR and higher
vacancy, bad debt, and
concessions.
Other Income (+) $20,000 2% Increased vacancy leads to $16,000
(Parking, Laundry, lower other income collection
Utility for laundry, utility
Reimbursement) reimbursement, and parking.
Total Operating $940,000 94% Total operating revenue is $896,000

reduced by a decrease in GPR
and other income collection,
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and an increase in vacancy,
bad debt, and concessions.

OPERATING
EXPENSES

Environmental change can
increase many of the expense
line items, especially the
largest items including real
estate taxes and insurance,
and repairs/maintenance.

Real Estate Taxes $100,000 10-20% | Increase in taxes to make up $120,000
for local government budget
shortfalls due to current and
projected environmental
change.
Insurance $80,000 8-15% Increase in insurance $120,000
payments to accurately reflect
risk.
Utilities $60,000 5-10% Increase in the cost of $70,000
(Electricity, Gas, electricity, water, gas, oil,
Water-Sewer, etc) and trash removal due to
environmental change.
Repairs and $50,000 5-10% | Increase in R&M costs due to $70,000
Maintenance an increased rate of wear and
tear on the property from
changes in environmental
conditions and tenant
behavior.
Management $40,000 3-5% | Increase in management costs $50,000
Costs to reflect operational
complexities associated with
high environmental risk.
Cleaning and $20,000 2% Increase in cleaning and $25,000
Turnover turnover costs to reflect

worse environmental
conditions and changing
tenant behavior. Tenants are
less likely to treat their units
well if there are other issues
at the property or if
conditions degrade in the
surrounding area.
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Marketing $10,000 1% An increase in marketing $20,000
expenses to due to decreased
demand and lower
willingness to pay for renters
in vulnerable areas.
Total Operating $350,000 An increase in total operating $475,000
Expenses expenses, due to the direct
impacts of environmental
change leading to higher
repair costs, along with
changes in risk profile
leading to higher insurance
costs and special tax
assessments to fund
resilience.
Expense Ratio 35% Higher expense ratio due to 50%
(Total Expenses / lower revenues and increased
GPR or Income) costs.
Net Operating $590,000 Lower NOI due to lower $475,000
Income rental income and higher
(NOI = Total expenses. NOI is a major
Income - Total determining factor for the
Expenses) valuation of real estate due to
the income capitalization of
future cash flows and the
capitalization rate calculation
of cap-rate = NOI / Value
Debt Service $300,000 The cost of capital increases $350,000
(Mortgage to accurately reflect the
payments of changing risk profile of the
Interest and subject property.
Principal over the
life of the loan)
Property Income $290,000 Climate change can lower $125,000
(after debt service, total property income due to
pre-Income tax, lower rents and higher
a.k.a Profits before expenses, and after-debt
Income Tax) income can be further
lowered by higher capital
costs (higher interest rates to
account for higher risk).
Capital Example, Planned and surprise capital Example,
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Expenditures $200,000 for expenditures costs can $300,000 for a
(A capital expense | a major roof increase due to unforeseen flood repair,

not an operating repair that acute damage and long-term | on top of the
property resilience upgrades. $200,000

expense) was
expected. Increased need for capital necessary roof
reserves to cover necessary | repair that was
capital expenditures can cut already
further into property planned.
profitability.
Capitalization 5% The greater the risk the 6%
Rate greater the necessary return
to justify the investment,
leading to a higher
capitalization rate.
Value $11,800,000 NOI / Cap Rate = Value. The | $7,916,667
difference in projected NOI
and Cap Rate for the same (33%
property under changing reduction in
environmental conditions can value after
have an enormous impact on including
the value of a property. severe
environmental
risk
projections in
cash flow
valuation)

This table is meant to be used as a teaching example. The figures are not based
on a specific property but with income and expense projections within the range of
normality for a common large city multifamily property in the current real estate market.
This table should not be used as cost guidance or investment advice, it is an example for
teaching purposes to inform individuals on the dramatic potential impacts of
environmental change on the value of US real estate. The environmental impact notes on
each income and expense item were informed by Clayton, 2021 and Wilde and Coley,
2011.

From this income capitalization example, it is clear that environmental change can

negatively impact the income and expenses of a property leading to a lower property
valuation. In a traditional income capitalization analysis, each of these values would be

projected forward over ten to thirty years to determine the present value of the future cash
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flows a property can produce. This is similar to how most assets and securities are
traditionally valued in the marketplace, by finding the net present value of the cash flows
over a period of time. This sort of valuation is especially important in considerations for
financing, where a lender will want to know how profitable the property is today to
determine how much debt the asset can support. The bank wants to know what maximum
monthly payment that can be made given the current and future profitability of an asset.
The income capitalization approach is the most common way to value a piece of
income-producing real estate, such as multifamily, single-family home rentals, retail,
office, hotels, and industrial space. Homes (including condos) are most often valued
using an analysis of comparable sales (Supply and Demand), but an analysis of the
potential rental income and hypothetical income capitalization is common as another

measure of value.

Transition Risks vs. Physical Environmental Risks to Real Estate.

Real estate value is impacted by environmental change in two distinct but related
ways; through physical risks, such as flooding or fire, and through transition risks, such
as changes in demand and new regulations (Mckinsey & Company, 2022). Transition
risks are those resulting from "changes in the economy, regulation, consumer behavior,
technology, and other human responses to climate change", and can include increasing
utility and insurance costs, fines for inefficiency, and changes in consumer demand for
certain locations (Mckinsey & Company, Boland, et al., 2022. Sustainability

improvements, or decarbonization, is one of the primary ways to mitigate transition risks,

53



however decarbonization will not protect the value of assets with extreme physical risks

(Boland, et al., 2022).

“The combination of this economic transition and the physical risks of climate
change has created a significant risk of mispricing real estate across markets and asset
classes. For example, a major North American bank conducted analysis that found dozens
of assets in its real-estate portfolio that would likely be exposed to significant
devaluations within the next ten years due to factors including increased rates of flooding
and job losses due to the climate transition. Additionally, a study of a diversified equity
portfolio found that, absent mitigating actions, climate risks could reduce annual returns
toward the end of the decade by as much as 40 percent.” (Mckinsey Company, Boland, et

al., 2022).

Both transition risks and physical risks are likely to impact real estate valuations
in the United States in the decades to come, leading to devaluations for vulnerable assets
(Mckinsey Company, Boland, et al., 2022). Real estate decision-makers can use
adaptation solutions, including many resource efficiency upgrades, to improve the
resilience of their assets to the physical risks and transition risks associated with

environmental change.

The Systemic Risks to Real Estate and the Macroeconomy: The next real estate-
financial crisis?

The residential real estate market in the United States represents over $36 trillion
in total value (Richardson, 2021). For comparison, the US Federal Government budget in

2021 was under $7 trillion in total (US Department of Treasury, 2021). The total
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combined value of all residential real estate grew by almost $7 trillion in 2021, during the

Covid-19 pandemic (Manhertz, 2022).

Due to the scale and scope of environmental risk in the United States, and the
importance of stable real estate value in the macroeconomic economy, the case can be
made that environmental change in the 21st century will induce a real estate-financial
crisis. In the years leading up to the 2008 financial crisis, the massive securitization of
overvalued real estate assets into mortgage-backed securities along with the use of risky
credit default swaps and other complex financial securities by interdependent institutions
led to systematic risks going unnoticed by most (Shaxson, 2011). Individuals were
investing in second homes, flipping homes as a second job, and getting bigger mortgages
than they could handle, yes, but the unregulated greed on the part of major American
business institutions to maximize profits and minimize public benefit was the dominant
factor leading to the crisis (Shaxson, 2011). The finger can be pointed at many different
groups, and there are arguments to support or defend all sides, with the banks, the
regulators, the credit rating agencies, the insurance companies, the law firms, and
accounting firms all playing their part in the systematic transfer of real estate benefits to
major capital holders and costs and risk onto the government and taxpayer. For example,
the credit rating agencies stamped junk-quality assets as high quality, based on guidance
for lending/rating rules from Federal government institutions (Fox, 2013). The under-
accounting for risk, in large part due to the complexity of securities that trade constantly
between big banks, tying their success together, inevitably blew up the system. Lenders

were not accurately assessing risks for individual mortgages (lending to people who
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couldn’t afford their debt payments, or to homes that should never have supported that
level of debt), as well as for pooled mortgage-backed securities (MBS and CMBS)
bought and sold by major financial institutions.

As real estate prices stopped rising and began to fall in 2007, and the real estate
market cycle turned over, borrowers were defaulting on their loans at higher rates than
expected, putting the mortgage-backed securities at risk of default as well (Fox, 2013.
Crotty, 2009). The underassessment of risk, among the big banks and insurers, the
government, and the individual, is what led to the fall of AIG and Lehman Brothers, and
what would have pulled down more of the global financial system if not for the US
federal government bailing out several major banks and other large US companies, and
injecting capital into markets, in the Keynesian fashion (Fox, 2013. Crotty, 2009). Before
that crisis, some were calling for reforms to the relaxed lending and secondary-mortgage
market standards, as well as more regulation on mortgage-backed securities, credit-
default swaps, and other complex financial securities created to diversify risk and
maximize returns (Fox, 2013. Shaxson, 2011). Those voices of concern were not listened
to by most market players, and it took a major financial crisis for the market to correct, if
only slightly, by increasing regulations on banking and real estate lending as well as other
safeguards into the system to prevent it from happening again (Dodd-Frank Law, US
Congress, 2010). If the US hopes to prevent a similar real estate-induced recession as a
result of climate change, it must act rapidly to build resilience and reform its financial

system before it is torn apart from within. The risks are glaring, however, like in the
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Great Recession, there are opportunities within this impending real estate-financial crisis,

which will be discussed later in the paper.

In the United States, many of the most highly valued properties are located along
the sea, in communities that may be completely inundated within thirty years. Consider
that a traditional mortgage is thirty years long and that U.S. government-backed
institutions buy many of those mortgages from banks on the secondary mortgage market,
leading to an unsustainable financial burden of risk for the nation as a whole. As
mentioned previously around 15% of all properties in the US are already at significant
risk of flooding, with over five-million properties already facing ‘extreme’ flood risk

(First Street Foundation, 2020).

In 2018 the Union of Concerned Scientists warned that one million homes in
Florida may be chronically inundated by the end of this century, representing 10% of the
total Florida housing stock, and including some of the most expensive and desirable
properties in the state (Union of Concerned Scientists, 2018). 20-25% of Florida
properties today are already at substantial risk from flooding (First Street Foundation,

2020).

Property taxes generally fund local governments, emergency services, and public
schools. If real estate values fall, the local government's tax base shrinks, with
repercussions for the whole community (UCS, 2018). When local governments are
working to clean up from major disasters or build resilience, they will have to do it with a

lower overall budget. The issue of local government funding is one reason why the
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federal government is often needed to support local relief efforts with FEMA dollars.
However, once the acute crisis subsides, and FEMA moves on to the next crisis, the local
government will be left with a slashed budget and a community that needs rebuilding to
continue life as before (UCS, 2018). In the projections of residential property at risk from
flooding in Florida, the Union of Concerned Scientists predicted that many communities
will face tax base reductions of over 20% along much of the coast and even 60% in
certain locations like Miami (UCS, 2018). Losing 60% of the local tax base could be
catastrophic to any locality without support from state and federal partners. In the case of
Florida, the state is swamped with risk across its territory, and it is unlikely the state
government will have enough funds to offset the flooding losses in every local

community and city.

Florida is the prime example of a state with enormous environmental change risk
to life and property, yet the state government is only beginning to address the existential
threats it faces (Pogue, 2021). The consequences of further inaction are projected to be
devastating for coastal residential and commercial properties in Florida: "by the end of
the 21st century nearly 2.5 million residential and commercial properties, collectively
valued at $1.07 trillion will be at risk of chronic flooding™ (Union of Concerned
Scientists, 2018). The one-trillion-dollar price tag of potential damage is an eye-popping
number for a single state, but it is also a relatively conservative estimate compared to
other similar research that was done more recently by the First Street Foundation in 2021.
The drastic costs of flood damage as a result of global warming and sea level rise will

undoubtedly create tense situations between communities, businesses, and governments.
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Who will pay for the cost of damage, rebuilding, devaluations, and tax base losses? Prior
to 2008 and continuing on, major corporations and financial institutions have sought to
avoid risk and liability as a part of their nature as profit driven enterprises, and most often
prioritize short-term profits over long term social benefit considerations (Crotty, 2008). It
is not clear whether the costs of under accounting for risk in property and financial
markets will be paid for solely by Americans and the Federal Government or if

corporations will share in the burden they helped create.

The current estimates for sea level rise by 2100 are between 0.6-2.2 meters under
a moderate emissions reduction scenario (NOAA, 2022). The high end of that range
would put the majority of south Florida properties underwater (First Street Foundation,
2021). Triaging, in terms of resilient investment, as well as managed retreat, will need to
be considered to effectively and efficiently reduce national risks by focusing on locations
where maladaptation is less likely (Carrey, 2020). Based on the research presented in this
paper, investing in real estate in Florida, Arizona, Louisiana, and California today is an
especially risky endeavor; however, developers and lenders looking for short-term gains
can still make a strong profit, so capital is still flowing into many vulnerable locations at
unsustainable rates. There is a widening mismatch between the incentives of people
living or investing in these areas long-term, and the incentives of those looking to make a
short-term profit. The developer or short-term lender won't care about anything that isn't
affecting prices during the timeline of their investment. If a development project takes
three years to complete, the developer is less likely to consider the long-term

environmental risks than a home buyer or investor with a financial interest often lasting
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beyond ten years. Attempting to explain to a condo developer why they should change
their behavior because of the long-term risks for a property while their financial interests
are on a three year timeline is often a futile conversation. Without intervention from
government and industry groups, these dangerous incentive differences will likely
continue until asset values and securities prices accurately reflect risks, either through the
impacts of environmental change, or the regulations and spending to realign incentives

and counter the environmental forces.

Generally, the US real estate market is not accurately incorporating future risks of
climate change into pricing or mortgage finance considerations, however, certain specific
areas have started to see demand-side internalization of climate risks in purchasing
decisions (Kousky et al, 2020). There have been many studies done in recent years on the
projected effects of climate change on coastal real estate values, and if changing trends
can already be seen. Some of these studies have found that price effects can already be
seen in areas facing very high sea level rise risk, such as Miami Beach, but for most of
the country, prices have not fully incorporated climate risk (Keys and Mulder, 2020). The
report found that prices were growing 15-20% slower in the period from 2013-2018 in
areas of high risk along the Florida coast compared with areas of moderate risk (Keys and
Mulder, 2020). This research is some of the first statistical evidence showing real estate
prices being negatively impacted by environmental change in a major US real estate
market. The researchers attributed the price changes to demand-side preferences, with
Floridians internalizing the climate risks in their real estate purchasing decisions (Keys

and Mulder, 2020). This reflection of risk first occurring on the demand side of the
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market is worrying because governments and financial institutions have far more access
to risk information than the average home buyer or builder, and are choosing to continue
on a business-as-usual path. Without serious adaptation measures in real estate finance,

flood insurance, and disaster response, the current real estate system faces grave risks.

For most homeowners in the US, their regular homeowner's insurance does not
cover major damage from flooding, so homeowners who seek traditional mortgage
financing are often required or encouraged to purchase insurance specifically for flooding
(FEMA, 2015). The current national flood insurance system is funded by FEMA, the
Federal Emergency Management Agency, which subsidizes flood insurance costs for
homeowners in areas that are at risk of flooding by subsidizing plans sold and operated
by private flood insurance companies (FEMA, 2015). When flooding from a major storm
damages homes, homeowners look to their insurance policies for the money to rebuild in
the same location. National Flood Insurance Program (NFIP) policies are sold and
serviced by private insurers, with FEMA covering the claims (National Law Review,
2019). This represents a moral hazard, where private insurers are not incentivized to
properly account for risk, as they do for every other insurance type, because they are not
responsible for paying out the claims (NLR, 2019). Homeowners can get at most
$250,000 from the National Flood Insurance Program, and businesses as much as
$500,000 to rebuild in a location that has likely flooded in the past, and will again in the
future (FEMA, 2015). While this payout may be enough for some owners, it is often not
enough to cover the cost of major damage, and many homeowners who file claims never

receive a check due to the limited budget and bureaucracy within FEMA to respond to
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disasters. A study by the National Law Review in 2019 found that many NFIP claims
were not paid out because of loophole exclusions in certain policies (such as the ‘earth
movement exclusion'), budget limitations at the federal level, and lack of documentation
of damages (NLR, 2019). Private insurers can profit from policies that they do not pay
out claims for, and are incentivized to minimize claims sent to the federal government, so
individual homeowners are often left ruined, and taxpayers are again on the hook for

uninsured damages (NLR, 2019).

FEMA flood maps are meant to show all properties that have at least a 1% chance
of annual flooding, but until recently those maps were not accurate (NLR, 2019. FEMA,
2021). Before the recent overhaul of the FEMA flood maps and policies, millions of
homes were at above a 1% chance of annual flooding but were not included in the 100-
year floodplain maps (Keller, 2017). In 2020, the First National Flood Assessment, from
the First Street Foundation, found that over 16 million homes were at risk of flooding
(1% annual flood risk), while FEMA had only identified 8 million homes at that risk level
(First Street Foundation, 2020). FEMA flood maps are used for finance and insurance
considerations, putting the real estate system at risk due to environmental risks that are

under accounted for.

The increasing cost of flood damage each year on American property is exposing
the pressures that will squeeze the National Flood Insurance Program, potentially pushing
the entity to the brink of collapse (Union of Concerned Scientists, 2018. First Street
Foundation, 2020). The loss of the ‘insurer of last resort' or 'lender of last resort’, the US

government, could be catastrophic to markets whose values are dependent on the ability
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to finance and insure the property at a reasonable cost. Each year extreme precipitation
events leave tens of thousands of Americans with a financial burden of flood damage in
their homes (UCS, 2018). Even if a real estate owner has the resources to cover the
damages from a storm, spending to rebuild or repair damaged homes will further expose
the vulnerability of coastal property and the flood insurance system. If FEMA does not
have the resources to cover those damages, or if their flood rating system continues to
account for risk, many homeowners and borrowers holding flood insurance policies will

be in dire straits as natural hazard risks increase (UCS, 2018).

In 2021, FEMA released its plans for its 'Risk Rating 2.0 program, a major
overhaul of its rating system that goes beyond the basic considerations of flooding height
and property elevation (FEMA, 2021). The new pricing methodology for policies is
applied to all new policies and policy renewals and considers the cost to rebuild, structure
elevation, distance to flood source, and flood risk type, among other factors (FEMA,
2021). The first phase began in 2021 and is now being fully implemented for all new and
renewing NFIP policies (FEMA, 2021). Rate increases in high-risk areas are capped per
year so there is no serious price shock from the Risk Rating 2.0 implementation. A
FEMA study on the new program found that 96% of policy premiums will either decrease
due to these changes, or minimally increase by less than $20 per month (FEMA, 2021).
As much as two thirds of policyholders are expected to see decreases in monthly
premiums, while only a small subsection of properties will see their rates increase
significantly over the coming years (FEMA, 2021). This is a good sign that FEMA and

the Federal government are taking significant steps to reduce environmental risk by
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making Americans with NFIP policies account more for environmental risks in their
decision making. It is not clear that these changes will be enough to make the program
resilient over the long-term. The federal government continues to provide NFIP policies
in high risk locations, providing affordable flood insurance coverage to homes that would
otherwise be uninsurable or be charged prohibitively high premiums, allowing Americans
to continue to live in the most vulnerable locations affordably (FEMA, 2021. FEMA,

2015).

A similar moral hazard arises in the mortgage lending industry. When a bank
lends a homeowner money to buy a house, the lender generally does not hold that debt
asset on their balance sheet. Lenders will often sell that mortgage into the secondary
mortgage market (including Fannie Mae and Freddie Mac) to recoup those funds through
mortgage-backed securities markets, and lend it elsewhere while retaining the rights to
profit off the servicing of the loan. The secondary mortgage market is made up of several
major lending institutions that are backed by the federal government to drive down the
cost of home ownership nationally. If the bank's profits were dependent on their principal
getting repaid over 30 years (traditional residential mortgage length), they would be
incentivized not to lend to homeowners buying in areas that will be underwater in 30
years. However, since the federal government is on the hook in the case of a default, the
mortgage lenders will often not care as much if the principal gets paid, just that it meets
the lending standards of Fannie Mae and Freddie Mac. Banks continue lend in areas they
know are environmentally vulnerable because their incentives allow them to avoid most

of the risk by selling those loans to secondary markets, putting the downside risk on the
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shoulders of the federal government and taxpayers. Currently, these lending standards
allow for the federal government to purchase mortgages backed by homes and buildings
that are already at severe risk of flooding. Not only is the US federal government on the
hook for paying out insurance claims to homeowners (through the NFIP), but it is often
also a majority owner (debt owner) of those at-risk homes. And, the US government is
the lender-of-last-resort and disaster manager of last resort, increasing the hazards even

further.

If these current systems of our government and economy relating to real estate are
not reformed, it could lead to the collapse of the flood insurance industry and more
importantly, the mortgage industry in flood-prone areas. If homeowners can’t buy flood
insurance, it will be very difficult to get traditional mortgage financing. If potential
buyers can’t get traditional mortgage financing on coastal properties without paying
prohibitively high flood insurance premiums, then real estate prices in those locations
will likely fall. Even today there is evidence that coastal real estate at risk of flooding and
hurricane damage is losing market value due to that risk (Cupal, 2015. Clayton, et al.,
2021). This represents a potentially catastrophic risk to the real estate market, and the

overall economy.

After identifying the immense amount of property at risk within the United States,
it becomes clear that uncertainty is the only certainty in many areas of the US. Some
locations, like New Orleans and Miami, face such extreme climate risks it appears likely
they will face disinvestment and property value loss as a result of worsening climate

change risks. Governments and property owners in these locations are already spending
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hundreds of millions of dollars to secure their assets with gray (e.g. concrete and steel
flood barriers) and green (e.g. floodable waterfront parks) resilient infrastructure projects,

insurance, and on-site resilient building improvements (Beirbaum, et al. 2012).

Resilience solutions that reduce environmental risks make the timeline for climate
change effects on real estate values hard to predict in specific locations. It is important to
consider a scenario with two neighboring locations, one area with relatively higher
environmental risk and higher real estate values, and another with relatively lower risk
and lower real estate values. The area of higher environmental risk in 2023 could be
more resilient to environmental change than the area of lower risk. This can occur when
areas with higher real estate values are prioritized for state and federally funded resilience
projects, as well as the fact that areas with lower real estate values generally have smaller
tax bases to adapt. This furthers the case that building resilience at the community level
has direct financial benefits to individuals and businesses in that area. While
sustainability is about preserving the natural systems we rely on over the long term,
protecting the health and safety of all humans, and softening the impact of climate change
on Americans long-term, building resilience is about saving a city, community, or
property from current and near-term locally experienced impacts of environmental
change. Locations can be described as 'naturally vulnerable' or ‘resilient to environmental
change' in 2023, but that is not a fixed description since environmental hazard risk can be
lowered with resilience solutions (which often include sustainability solutions as well), or

increased with updated projections of environmental change.
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Finance, Insurance, Real Estate, Environmental Change and the Next Financial
Crisis

Finance, insurance, and real estate markets act as a crucial trio, with each relying
on the other for security and stability, and each playing an important role in the health
and prosperity of the overall economy. One of the best recommendations for
homeowners, investors, and renters is to simply buy the appropriate insurance policy for
your risk, so governments should further inform and incentivize this action. For many
mortgagors it is required that they obtain appropriate insurance, and for those with a
federally-backed mortgage, it is always required (FEMA, 2021. Englander, 2020. Pogue,
2021). A standard mortgage loan in the United States can last for a 30-year term, so this
paper will use a thirty-year horizon for thinking about medium-term risk as opposed to
current short-term risks. The further forward we project, the more uncertainty there is. In
Moving to Higher Ground, John Englander points out that 2100 is simply too far in the
future to plan around given our life spans and how we think about risk, and that "nothing
much is built or financed without reasonable confidence about the security of the assets
over their useful life" (Englander, 2020).

The National Flood Insurance Program provides Americans with affordable flood
insurance, with the government stepping in as the insurer of last resort in markets that
would be unprofitable for private enterprises to ensure flood risk broadly (Englander,
2020. FEMA, 2015. NLR, 2019). This public service provided by the federal
government, paid for by taxpayers nationwide, is allowing people to live in places they
might not otherwise inhabit if the prices, or availability of insurance, accurately reflects

risks (FEMA, 2015. NLR, 2019). The government is actively improving the National
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Flood Insurance Program, with its Risk Rating 2.0, finally updating its old flood maps
based on a different environmental reality. These updates make rates more reflective of
risk in the short term, making owners of high-risk property pay an amount closer to their
risk profile in the pool of insured properties, to ensure the stability of the program for the
long term. The problem is these changes are happening slowly, and with each year more
private insurers of flooding and other events are put out of business as environmental
change makes insurance an unprofitable business in high-risk areas. This allows people in
high-risk areas to believe they are safe since they can still buy affordable insurance and
money is pouring in to finance new developments. The scale of real estate, insurance and
finance markets in the U.S. that support real estate is so crucial to the workings of our
economy, as we saw in the 2008 financial crisis, that the under accounting for risk in real

estate markets leads to systemic risks for the macro economy.

Introduction to the Impending Environmental Change-Induced Real Estate-
Financial Crisis

The residential real estate market in the US, one sector of the overall U.S. real
estate stock, represents over $36 trillion in total value (Richardson, 2021). For
comparison, the Federal government budget in 2021 was under $7 trillion in total (US
Department of Treasury, 2021). The residential real estate market grew by almost $7
trillion in 2021 during the Covid-19 pandemic (Manhertz, 2022. Duca, 2021). Today,
more than 15% of the residential properties in the US are already facing flood risk, with
far more at risk over the next 30 years as climate change worsens (First Street

Foundation, 2020). A recent study by the First Street Foundation found that over 50% of
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residential properties face some risk of fire, while 7% faced risks that were characterized

as Extreme, Severe, or Major.

The increasing environmental risks associated with climate change pose severe
risks to the overall US real estate market within the next two decades. The magnitude and
nature of risk to the real estate sector is a threat to the broader US financial system and
overall economy that must be addressed to avoid a catastrophe that could be worse than
the 2008 financial crisis (Richardson, 2021. Fox, 2013). In the lead-up to the 2008
financial crisis, the risk to property and mortgages was not properly accounted for, the
underwriting standards were relaxed, and the rating agencies were stamping junk assets
with high-quality ratings, while big banks were pushing for deregulations to allow for
further profiteering in the world of big finance through mortgage-backed securities and
collateralized debt obligations (Fox, 2013). Investors, lenders, and homebuyers thought
prices would keep going up or at least not fall that fast, and they were very wrong. Real
estate markets go through cycles, similar to financial markets, and in 2007 the market
was at a peak, and 2008 was the valley-bottom (Crotty, 2009). In contrast, many
individuals and institutions predicted a contraction in real estate values during the Covid-
19 pandemic, however, prices continued to climb even more dramatically than before,
due to low housing inventory, record-low interest rates, and Americans with money to
spend (Duca and Murphy, 2021). The real estate market has been in a growth period
lasting over 15 years since the last national contraction in prices (Duca and Murphy,
2021). Financial markets are pumping more money than ever into growing cities and

towns across the country, many of which are also some of the highest-risk locations in the
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country for environmental vulnerability, such as Miami and Houston (FEMA 2021.
Fannie Mae, 2022). Florida and Texas are two of the fastest-growing states in population
and real estate development, and two of the highest-risk states in the US (UCS, 2018).
The changing environmental risks have not been factored into decisions made by
consumers and investors.

Given the long building life cycle and limited time to adapt, the faster the
resilience improvements can be implemented in the real estate industry, the more secure
the overall market will be in the long run (Boland et al, 2020). With each year of inaction
on resilience and worsening environmental signals, the projected long-term performance
of the real estate industry will be ‘written-down'. There will be tipping points, and the
changes in value could come within a couple of years, despite the slowly increasing risks
that have been creeping up for decades already (Brunetti et al, 2021). A single
devastating storm or a season of them could cause insurance companies to simply cancel
all their policies in an entire state or region (Keys and Mulder, 2020. Sigaud, 2018). This
could cause a panic in real estate markets as mortgage holders, which require the
collateral asset to be fully insured, scramble to get their assets protected or or sell out to
avoid risking future default as a result of incredibly high insurance and financing costs
that will come in the years to follow (Keys and Mulder, 2020. Sigaud, 2018).

Although the risk is dispersed across the country, the climate change-real estate
crisis is a national issue, with the potential to crater the overall US financial system and

economy (UCS, 2018. Worland, 2021. Meyer, 2019). It is also a local one, with certain
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regions, states, counties, and cities facing extreme concentrations of environmental risks
(UCS, 2018. Worland, 2021. Meyer, 2019).

The federal government acts as both the lender and insurer of last resort, resulting
in a massive and unsustainable financial burden on US taxpayers. The federal
government has several agencies and programs that support the US housing system, for
example, the federal government purchases mortgages on homes and buildings from the
banks that originated them to lower the cost of home-buying. Since the government is
buying mortgages on the ‘'secondary market' from banks, the banks can offer better terms,
but also they have less incentive to make sure the money they loan will be paid back, as
long as they met the government standards for purchasing those loans on the secondary
market, they were good to go (Fox, 2013). After the 2007/8 crisis, new regulations were
put in place, including the Dodd-Frank Wall Street Reform and Consumer Protection Act
increased the minimum required emergency bank cash reserves, more effective loss-
sharing arrangements to avoid misalignments of incentives, and other reforms to protect
consumers, by first making the banks that have come to underpin the system more
resilient (US Congress - House Bill 4173. Fox, 2013). In the case of environmental
change, the interests of the government and the banks are aligned in service of the lofty
goals of stability and growth in unstable times, so there is hope for action on the financial
side of the economy where systemic risks can topple the global economy if mishandled.

The federal government also funds major cleanup-rebuild projects after major
disasters, often paying for homes to be rebuilt in the same places where a home was

destroyed. This triple-threat of economic liabilities — insurance, finance, and disaster
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relief for high-risk properties — represents a potentially catastrophic risk to the national
real estate market, with repercussions for property values across the country. As
explained above, these risks can be minimized with reforms to real estate finance, flood
insurance, and disaster management programs funded by the government. The
government is subsidizing risky behavior in an unsustainable manner. If action is not
taken to address these issues, national financial markets and the overall economy could
be pulled down by the under accounting for environmental risk in real estate valuation.
Environmental risks can be managed with resilience improvements and long-term
planning, however, there are limits to the effectiveness of pushing back against nature
(IPCC, 2022). Community-level resilience improvements, such as sea walls, and
property-level resilience improvements, such as the placement of critical systems on the
second floor instead of the basement, are examples of how owners can adapt their
properties to changing environmental conditions (Pogue, 2021). Resilience can be built,
however, for real estate owners who seek long-term financial security, owning real estate
in a resilient location is more likely to provide economic security than building resilience

in an environmentally-vulnerable location.
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Table 2: Real Estate Building Value by State Categorized using FEMA Risk Rating

Rank_|State VIR + VRL%]VIR % |RLR % |MR % |RHR % |VHR % |Very Low Risk Iy Low’ ate Risk High Risk_|Very High Risk State Total
1jvermont 100%| sox%| 20% %] 0% 0%]  565,401.556,000 $15,942,480,000| 50| 30| 50) $81,344,036,000)
100%|  71%]  29% 0% 0% 0% 543,558,070,000] _ $18,143,735,000} 50 S0 sof $61,701,805,000)
100%|  ss%|  45% %] 0% 0%  593,034,852,000] $75,652,266,000} 50 30 o] $168,687,118,000)
100% 46% 54% % 0% O%]  $36,100,311,000)  $42,712,766,000] $0| $0) o) $78,813,077,000}
100%| 21%] 79% o] 0% $33,498,205,000] $129,175,125,000) s0 30 E $162,673,330,000
o]  30%| 69% 1% 0% %I $45,907.211,000) sxm,m.-s&.uool $1,169,185,000| s_ui $ $151.619,882.000)
oar%|  71%) 2su| % 0% $717,929,628,000] $259,434,386,000]  $33,178,823,000 50, sa $1,010,542,837,000
8m%| s2%| 35%| 1% o% $56,538,445,000]  $38,144,981,000]  $13.362,901,000 0| $108,046,327.000}
87%| sa%| 3sx| 13%] om| osd $101,169.829,000] $68,810.296,000] 525.877,255,000) so| so]  $195.857,380,000
Ba%| aex| 38% %] 16% $344,003,306,000] $283,037,677,000} $0|  $116,498,154,000 sﬂ $743,539,177,000)
76% o%|  76%| 2a%| 0% S0]  $92,377,909,000] $29,088,935,000 0| $ $121,466,844,000)
gmghm 73%|  35%] 39e| 17%|  10% $272,085,161,000] $300,277,593,000] $132,683,541,000 $77,860,211,000 5 $782,306,506,000
1 72%|  13%| sew| 28|  ox $113,696,782,000] _$522,427,293,000] $250,100,919,000 S0 S $886,224,934,000)
14] 65%) 27| x| 35w 0% o%] $195,149,388,000] $267,764,782,000] $250,056,846,000) 50 so|  $712,971,116,000)
%Inﬂilm 64%| 25%| 9% 3em| 0w $190,667,083,000] $296,840,080,000] $274,660,823,000 50 S $762,167,986,000)
16{South Dakota 6a%| 6% 28%] 36%| 0% $31,981,001,000] _ $25,199,636,000] _$32,465,048,000] S0 S $89,645,685,000)
17| Kentucky 62%] 25%| 3s%| 16%] 21% o%] 5114,550,883,000] $176,483,471,000] $76,480,717,000 $99,101,964,000) sof  $466,617,035,000
18] Kansas 62%|  15%| ar%|  38%| 0% 0%] _ 550,668,539,000] _$156,409,982,000] $127,982,072,000 S0 so] _ $335,060,593,000}
19| Pennsylvania 61%| 213 o] 28%] ox| 11 s305,837,792,000] $589,986,547,000] 5408,932,042,000 so[  $165,970,513,000] $1,470,726,894,000}
20{lowa 56%|  1a%| a3%| aa%| 0% 0% _ $52,118,381,000] _$164,434,489,000] 5168,400,673,000 so] _ $384,953 543,000}
21futah 56%|  26%| 20%]  39% 5% 0%]  $65,537,255,000]  $73,505,525,000] _ $98,684,444,000 $12,241,252,000] so] — $249,968,476,000)
22| Mississippi 54% o%| amx| 24w 20% 518,054,992,000] 5133,411,730,000]  $66,752,908,000) $62,298,850,000) sof  5280,518,520,000)
23| Connecticut s2%|  12%]  aom]  asw|  ox 0% $57,560,192,000] $195,701,911,000] $234,980,351,000 S0 so]  sass,242,454,000)
si%| 32 1ox]  aow]  ox 0% 529,234,354,000]  $16,863,134,000]  $44,567,972,000 S0 50) $90,665,460,000}
25{Ohio 50%|  28%| 23%| 29%| 20% %] $395,014,042,000] $329,508,963,000] 5419,296,934,000]  $291,144,156,000] o] $1,434,964,135,000)
26] Tennessee so%| 1% 3o%| 22%| 10%| 16%] 573,436,287,000 $270,703,242,000] $149,176,177,000 $80,510,822,000  $111,560,225,000]  $685,386,753,000)
New York 4% 9% 1% 1% 22%] 1 $199,291,926,000] $950,463,822,000] $285,816,786,000]  $518,035,009,000]  $381,434,548,000] $2,335,042,091,000)
ﬂa-.i- ark| 20| 2% sam|  ox ﬂ $215,206,685,000] _$295,168,808,000] 5564,126,631,000 50 o] $1,074,502,124,000}
ammnu are| e  2aw| 3sw] 18w % $297,191,508,000] $297,071,464,000] $434,600,175,000]  5222,563,232,000) so] $1.251,426,379,000)
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Data from the FEMA National Risk Index (Risk Rating and Building Value Data).
(FEMA, 2021). Table created by Jonathan Grobstein in Excel.

The scale of environmental risk to real estate in the United States is enormous,

and those risks are not spread evenly across the states. FEMA’s National Risk Index and

the building value estimates provide a sense of the scale of the total value of real estate at

risk from environmental change by state. This information also provides a high-level

sense of the portion of real estate within a state that is vulnerable or resilient. This data,

reported by state in this table but based on county-level data, shows that every county in

Vermont and Wyoming has a FEMA Risk Rating of "Very Low Risk’ or 'Relatively Low

Risk’, while almost every county in California and Arizona has a FEMA rating of 'Very
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High Risk’ or 'Relatively High Risk'. This data also provides an estimate of the level of
real estate value at risk on a national scale, with around $4.5 trillion of real estate
building value in the US located in counties rated as ‘Very High Risk’, or 13% of the
total national stock of over $35 trillion. These high-level metrics provide a general sense
of the scale and locational diversity of risk in the United States. This analysis is limited
by the real estate value estimates provided by FEMA at the county level, as well as the
local differences in risk that are generalized in this analysis to provide a sense of the size
of the issue at hand, which states are the most vulnerable, and which states are the most

resilient to environmental change.

Shortcomings of Current Real Estate Sustainability Efforts and the Cobenefits of
Adaptation and Mitigation

There’s nothing sustainable about building a new energy efficient building that
will be underwater or burnt to the ground within a matter of decades. While the focus of
this paper is on adaptation, it is important to mention the significant efforts already
underway to improve resource efficiency in real estate markets, and the shortcomings of
those efforts. Resource-efficient buildings, sometimes called ‘green buildings’, show
significant improvement in energy, water, and material usage, using up less resources
than a comparable non-efficient asset (USGBC, 2021). Since the early 2000s, green
building design and construction techniques have been implemented in cities around the
country, incentivized by operational cost reduction, and often more favorable lending
terms and zoning exceptions (LEED, USGBC, 2021). LEED (Leadership in Energy and

Environmental Design), the most popular green building rating system in the US, has a
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point system to rate the sustainability of a structure, similar to other comparable rating
systems (USGBC, 2021). The rating system categories of LEED include: energy and
atmosphere, water efficiency, sustainable sites, materials and resources, and indoor
environmental quality (USGBC, 2021). What is missing from this green rating system
and others is a category for the resilience of a structure to environmental change
(Verdinez, 2021). A building should not be considered sustainable if it is at extreme risk
of chronic flooding or fire. While limited in its resilience focus so far, the green building
movement to date shows there is already a significant appetite for sustainability that is
growing in the real estate sector (Verdinez, 2021).

Sustainability can be a confusing topic to many, especially asset holders, maybe
because it seems to go against personal interest. "Why should I not use energy and water
when we have so much of it, and when others use even more than | do?' It usually comes
down to the cost-benefit, 'if the government is paying for these solar PV panels and my
bill will be lower' or 'the government is giving me $10,000 to buy a new EV,' that is a
strong incentive for sustainability. The long-term threat of climate change exposed in the
most current scientific publications will likely not be enough for people to change, they
will also need financial incentives or to experience actual damage before action is
induced. The evidence is the lack of resource conservation in America today. We have
more personal devices and appliances at our disposal than ever before, but fortunately,
engineers have been able to vastly improve the efficiency of appliances, benefiting

consumers on their energy bills. It will most likely take a series of catastrophic

75



environmental events and a resulting economic crisis to kick off the deep changes that
our society needs to continue its prosperity in the era of environmental change.

To be clear, the mitigation of greenhouse gas emissions on a global scale is
necessary for the continued prosperity of human civilization as we know it. However,
without nationwide adaptation to environmental change, the American economy and
quality of life will be degraded before our carbon emissions reductions lead to lower
experienced impacts (UN-IPCC, 2022. Bendell, 2019). It is hard to imagine a scenario of
a more peaceful, more democratic world when environmental change is inducing famine,
economic crisis, and the potential for 500 million migrants looking for stable food, water,
and security. The global climate crisis and thousands of local environmental catastrophes
can also be harmful to life, economy, and property in the most resilient places in the
United States, which could be devalued due to the macroeconomic impacts of
environmental change around the world.

Given the uncertainties of looking 50 years or more into the future, it is
understandable why investors and homeowners would question why paying a premium
for carbon emissions mitigation is worth it for the incalculable long-term benefits of a
single consumer taking a two- or five-minute shower, eating red meat, or driving a
pickup. "Where is my benefit?" If the seller of a sustainability solution can't respond with
"lower costs, and here's the payback period”, then the potential buyer is more likely to
say no. Americans need incentives to guide their interests toward a positive societal
solution, instead of being forced, which can cause an equal and opposite backlash against

the necessary changes. The slow adoption of electric vehicles and grid-scale solar and
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wind farms would have been even slower if not for the strong subsidies provided by the
government. Similarly, the government has historically provided trillions in tax breaks
and subsidies to fossil fuel companies in the name of growth and energy security. The US
military may use rechargeable batteries and solar arrays at scale because they are reliable,
and are easier to transport to forward operating bases and battlelines than heavy oil or
propane tanks. Sustainability is tied to resilience in many cases, such as a situation where
renewable energy technology is tied into a microgrid with a battery, reducing dependence
on fossil fuels and providing power in the case of a grid failure (Pogue, 2021).

Given the transition risks, such as fines for inefficiency or consumers paying a
premium for efficacy, it is often financially beneficial to include resource efficiency
improvements in adaptation planning. For example, an on-site or community solar array
with storage tied into the main grid with an automatic switch to revert to storage power
when the grid is down, can make a property or neighborhood more resilient than its
neighbors during a crisis and reduce greenhouse gas emissions in steady times. A backup
power improves resilience by allowing for operational continuity during a grid failure.
Consider also that even if a property has solar panels as a source of energy in a resilient
location, if the panels are poorly installed they could fail during an acute environmental
crisis or put your home at more risk. Resilience and resource efficiency thinking must be
tied together in all decision-making in the age of environmental change, and one without
the other should be considered neither.

For a location and property to be considered truly resilient, there must be

considerations of sustainability and resource efficiency to counter the indirect risks of
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consumer demand changes and utility costs. Although it is difficult to predict future
regulations, as climate change worsens, the cost of energy, water, materials, and polluting
activities is expected to rise significantly. Properties and locations that act early to
increase the ratio of renewable energy in their energy supply, build out charging
infrastructure for electric cars, and incentivize green business activities, will likely have
lower future operating costs and more discretionary funds available to manage crises or
improve the quality of life of residents. On-site or community renewable power
generation, and storage is an ideal way for communities and properties to reduce their
dependence on a vulnerable fossil fuel-reliant grid system, in many locations. Planting
native species that are naturally resilient to the main environmental hazards faced, can
provide mitigation and adaptation benefits simultaneously. The list of co-benefits

between mitigation and adaptation is endless.

SECTION II: RESILIENT REAL ESTATE

Resilient Real Estate: An Introduction

The under-accounted-for environmental risk in the valuation of US real estate
represents an investment opportunity, due to spatially varying risk and the limited
adoption of climate change information in medium- and long-term value projections and
investment decision-making. Some investors are already considering environmental

factors in their investment decisions, but most are not, and it is becoming clear that those
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who move early may reap additional benefits beyond standard risk management
competence. All investors should consider environmental risk in their projections of
property profitability and value, and those investing in high-risk locations will need to
consider environmental risks to ensure their financial security (Clayton, et al. 2021.
Boland, et al., 2021. UN-IPCC, 2022. FEMA, 2021). This research will seek to provide
evidence that properties in high-risk locations are overvalued, and properties in low-risk
locations are undervalued. American land is a limited resource, and resilient American

land is even more limited.

What is Resilience?

“The ability of a system and its component parts to anticipate, absorb,
accommodate, or recover from the effects of a hazardous event in a timely and efficient
manner, including through ensuring the preservation, restoration, or improvement of its

essential basic structures and functions.” (UN-IPCC, 2022).

“The ability to anticipate, prepare for, and adapt to changing conditions and
withstand, respond to, and recover rapidly from disruptions.” (US Department of

Defense, 2021)

In other words, resilience is the ability of a system to survive, preserve value, and
continue normal operations during and after a crisis. In the era of climate change,
individuals, groups, and assets must be able to withstand the impacts of environmental

change to be considered resilient overall. To be comparatively resilient in the era of
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environmental change is to be located in a naturally resilient location, or to build
resilience to risk. The opposite of resilience is vulnerability, and those people and assets
in locations with severe environmental risk can be considered vulnerable, in the sense of
comparative environmental risk.

There is a distinction to be made between natural resilience and built resilience.
Areas with low-environmental risk due to their location alone may be said to have natural
resilience, where ‘built resilience’ is not needed for an entity or property in those areas to
be considered environmentally-resilient. In vulnerable locations, the physical risks of
climate change must be addressed and adapted to for a property, company, or community
to be considered comparatively resilient to its neighbors. There is a crucial spatial
component to the topic of environmental impacts on assets in that environmental change
is spatially diverse and the value of similar assets is tied together within a market. If a
property has built-resilience improvements — such as a property-level sea wall — it can
still face devaluation due to its local market risk profile, meaning there are limits to the
economic logic of built-resilience in the highest-risk locations (Clayton et al, 2021.

Pogue, 2021).

Defining the Categories of Resilient Locations and Property

In this paper, locations that are projected to be the most resilient to environmental
change in the United States will be considered Nationally-Resilient Locations, and land
within those locations as Nationally-Resilient Land or Real Estate. Properties that are
located in regions with significant risk can still be considered resilient, due to their place
in a Locally-Resilient Location with significant environmental risks that are still
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substantially lower risk than their neighbors, or through built-resilience solutions. Real
estate or land that is substantially more resilient to environmental change than the
local/regional market standard will be defined in this paper as Locally-Resilient Real
Estate. To label all locations and properties in the United States using these new
definitions, I will add the category of Neutral-Resilience, to be used in the local or

national sense, to define locations and properties that face comparatively moderate risk.

The Levels of Environmental Risk and Resilience

To analyze environmental risk and potential resilience solutions for communities
and properties, it is critical to consider the how individuals, properties, and the multiple
levels of government experience the impacts of change in different ways, and have
different tools for adapting. Environmental change poses risks to people, property,
communities, cities, states, and nations. Each level of risk — ranging from personal-level
risks to federal-level risks — will be impacted by environmental change in different ways.
The concept of the levels of risk and resilience is helpful as a framework for evaluating
environmental risk and formulating adaptation solutions. The interdependencies of
resilience across the levels make the problem more complex since an individual or
property will struggle to maintain resilience in a vulnerable city or nation. However, this
complexity provides opportunities for synergies in addressing multiple levels of risk and
building support for those solutions at multiple levels.

Personal-Level Resilience:

At the personal level, environmental change represents a risk to the health,

security, and wealth of Americans (IPCC, 2022). The vulnerability of individuals
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depends primarily on their location, health, and economic assets. Individuals in a current
state of vulnerability — potentially due to living or holding property in a vulnerable place
— can improve their resilience to environmental change by moving to a resilient location,
constructing/retrofitting their homes/buildings with resilient building solutions, and
buying proper insurance coverage for health, life, and property. A more indirect strategy
individuals can take to increase personal resilience is to demand resilience measures be
implemented in their area by the local, state, and federal governments. Perhaps the most
critical personal-level resilience measure is to build a 'rainy-day fund' or emergency

account, to be able to rebuild and relocate during and after an acute environmental crisis.

Property-Level Resilience

At the property level, environmental change poses risks to the value and operation
of buildings, homes, infrastructure, and land (e.g. agriculture and timber land) across the
country (UCS, 2018. First Street Foundation, 2021). As extreme wildfires and extreme
floods consume thousands of properties each year, costing individuals, insurance
companies, banks, and cities billions of dollars in damages, real estate decision-makers
must consider how to reduce their financial risks from environmental disasters to be
financially secure (Pogue, 2021. Clayton et al, 2021. Sheldon, 2019).

There are many options for making new buildings resilient to local environmental
risks, as as well options for retrofitting existing buildings to be more resilient. For new
buildings, some examples of resilience solutions include building above grade, locating
utilities and mechanical equipment on the 2nd floor instead of the basement, flood
management landscaping, sealing building envelopes, building with non-flammable
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materials, and on-site flood barriers (Pogue, 2021. Coaffee and Lee, 2017). Many
property-level adaptation solutions can be retrofitted into an existing building, but the
costs are higher, and the effectiveness is reduced as compared to when resilience
improvements are included during the initial design and construction of a new building.
One of the most important steps that building owners can take, for both new construction
and retrofitting, is to purchase accurate insurance coverage that will cover the costs of
projected damages caused by local environmental hazards. The federal government —
through FEMA, NOAA, and other agencies —, local governments, non-profit scientific
organizations like the First Street Foundation, and other institutions provide a wide
variety of information and recommendations for free online to help property owners
prepare for environmental change.

During an acute environmental crisis, an individual property may not be directly
damaged, but could still lose operational continuity due to infrastructure damage in the
surrounding area (Clayton et al, 2021). An individual or property will struggle to
maintain resilience in the era of environmental change if they are located in a vulnerable
community (Pogue, 2021). The various levels of risk and resilience are intertwined, with
the actions of the individual impacting the resilience of the property, the resilience of the
single property impacting the resilience of the community, and down the ladder or
pyramid of levels, moving in both directions. Each level impacts every other level in
some way and these relationships add complexity to predicting the impacts of

environmental change on individual properties or the market at a whole. For real estate
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stakeholders, each scale must be considered in the determination of an individual
property's level of risk and possible resilience improvement measures.

The property-level solutions for resilience to environmental change can range
from short-term acute disaster resilience measures — such as plywood for wind, and
sandbags or an inflatable flood barrier for water —, to longer-term measures — such as
sealing the building envelope, securing the roof, and having a backup power supply (UN-
IPCC, 2022. Climate Ready Boston, 2021. Pogue, 2021). Many of the most effective
long-term engineering solutions are expensive, for example, raising the entire structure
off the ground and physically moving it away from risk is an expensive proposition.

Most home owners will not have money or option to make expensive adaptations and will
be forced to deal with the risks with less-effective short-term fixes, or by finding a safer
place to live when the risks to life become too high (UN-IPCC, 2022. FEMA, 2021). The
cost-benefit analysis of resilience planning and implementation projects have been widely
studied and reported, which have explained with data what we have known for centuries
that an ounce of Prevention is worth a pound of cure and it is best to hope for the best
and plan for the worst (Pogue, 2021. GBCI, 2020. Johnson, et al., 2019).

At the property level, there are many synergies between sustainability, resource
efficiency, and resilience. An example of a property-level resilience solution that also
reduces carbon intensity is the ability to produce renewable power on-site — through
solar, wind, or geothermal systems — before, during, and after a crisis, especially for
locations vulnerable to electricity interruptions (Pogue, 2021. Krueger, 2018). Synergistic

resilience solutions offer opportunities for property owners to address the physical and
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transition impacts of environmental change simultaneously, while also addressing
resource efficiency, all in a cost-effective manner.

As the climate crisis worsens, more Americans will become aware of their
impacts on the environment and will be more likely to seek out sustainable living options
(Hino and Burke, 2021. Clayton, et al., 2021). The transition risks and physical risks to
real estate can have direct impacts on the profitability of investment properties and the
value of residential homes, as consumers demand more resilience and sustainability in
their real estate decision-making. Higher insurance premiums, real estate taxes, and
energy costs can significantly reduce the value of property (Clayton et al, 2021).
Community-Level Resilience (Neighborhood/Town/City)

Resilience at the local community/neighborhood/town/city-scale has crucial
impacts on the resilience of individuals and properties. People rely on their communities,
especially in a crisis, to provide critical resources, such as water, food, electricity, shelter,
and transportation, that can become difficult to access when environmental conditions
change rapidly. Property owners and businesses rely on their communities for the critical
resources that keep their businesses operating during stable times, and even more so
during times of crisis. It is possible, but challenging, for an individual or property to be
made resilient while being located in a community/neighborhood/town/city that is highly
vulnerable to environmental change. Site-level resilience solutions, such as raising homes
off the ground or constructing with fire-resistant materials, can improve the resilience of

one property over another, but if the community as a whole is vulnerable, the more
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resilient of the properties will still face a significant risk of devaluation related to their
community/market vulnerability.

Communities and local governments that invest in town/city-level resilience
solutions are likely to see positive returns on those investments over time in the form of
saved costs (GBCI, 2020. UN-IPCC, 2022. Eichholtz, 2013. Johnson, et al., 2019). In a
community, town, or city, people often have more in common with one another than with
a random person in the state or country, and individuals can have a greater influence on
local-level actions. Communities can come together and demand resilience spending
from their government to improve the health, safety, and prosperity of the community
and the individuals within.

Communities and local governments are incentivized to improve property-level
resilience because their budgets are most often funded by local real estate taxes, which
are determined based on the value of the property being taxed. Taxes on real estate fund
schools, community improvements, and emergency services, the quality of which impacts
the value of homes. Local governments, and their constituents, have aligned incentives to
build resilience, which drastically increases the likelihood of resilience action.

At the city/town level, many local governments can regulate real estate
development through zoning and building codes. This allows them to incentivize and/or
require real estate developers to design and build for resilience in all new construction
and major renovation projects. In high flood-risk areas, new buildings must be
constructed above grade, with building systems on the 2nd floor instead of the basement.

In high fire-risk areas, new buildings and major renovations must be constructed with
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fire-proof materials. For all areas, investors/developers who construct a new building pay
a fee or tax into a local resilience fund for community-level resilience and sustainability
improvement projects.

At this scale, it is also more manageable for local governments to consider all
stakeholders and come to a solution that benefits the community while minimizing
maladaptation. Maladaptation is when attempts to adapt or build resilience leads to more
harm than good, and wastes dollars that could have been spent actually reducing
vulnerability. Local governments are often on the front lines of the battle against
environmental change due to their direct connections to individuals in the community,
and have built up knowledge and experience dealing with local environmental crises.

The problem is that many local governments have very limited budgets and lack
the funds or scale to implement necessary resilience projects for their community. In
some areas, usually affluent ones, local governments have large budgets, due to higher
real estate values, and thus higher tax revenues, so they can more effectively fund
resilience efforts in the community. For poorly funded local governments, it is not often
feasible to take effective resilience measures without funding from the state or federal

government.

Community-/City-/County-Level Real Estate Resilience Solutions

The majority of Americans who live in cities or in areas surrounding cities can
take action to improve the resilience of their communities through advocacy for new
policies and projects at local level, such as updates to zoning and building codes and
resilient infrastructure projects. Local governments can choose to use their powers over
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construction, real estate transactions, and real estate taxes to implement new
development/sale taxes to fund resilience and move individual incentives toward resilient
decision-making (Coaffee and Lee, 2016).

Through zoning and building codes, local governments can require resilience
measures for all future development and major renovations. Local governments can
implement building requirements that force developers to use resilient design and
construction methods and materials (Climate Ready Boston, 2021. Coaffee and Lee,
2016). Local governments can also increase the allowed zoning density of structures by
raising the allowed floor area ratio (FAR = total floor area of a structure divided by the
land area it is built on) to encourage development of more housing units or commercial
buildings in areas that are resilient.

When discussing resilience improvement projects at the city scale, people often
think of gray-resilient infrastructure — concrete, steel, and asphalt solutions, such as
seawalls, levees, raised roads, hardened assets, etc. A number of more natural resilience
solutions exist in the realm of green-resilient infrastructure — more natural solutions -
such as floodable waterfront parks and ecosystem enhancements of native plants that are

resilient to environmental change (Coaffee and Lee, 2016. Bierbaum, 2012).

Policymakers should incentivize high-risk communities and property owners to
move to lower-risk areas nearby over time (Englander, 2020). In the most vulnerable
locations, the most effective, sustainable, and affordable solution is often a managed
retreat (Carrey, 2020. Englander, 2020). This can be achieved in many different ways
including through zoning and building code changes that require such an expensive level
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of resilience on-site that new development is slowed in high-risk areas, by instituting new
taxes on the highest-risk property, or through the direct purchase of extreme-risk property
by the government through the market or eminent domain, to achieve the result of
lowering the number of people and property at risk within the city or county lines
(Coaffee and Lee, 2016). The policies that encourage the movement of people, assets,
and growth to the most naturally resilient portions of a community can be implemented at
different speeds depending on the level of risk, community support, and funding. It is
becoming a question of “when”, not “if”, some American cities, including Miami and
New Orleans, will need to begin implementing a managed retreat strategy to protect

people and property at large.

Disasters, manmade or natural, can happen anywhere even in locations considered
to be least vulnerable. All communities/cities/counties should have disaster management
plans in place for alerting the public early about threats and guidance to survive them and
protect property (Pogue, 2021. FEMA, 2021). Will emergency services, critical resource
systems, and building systems continue to function in a crisis? These are critical
questions to consider for any local government, business, or individual to consider in the
era of environmental change. Individuals and entities can take action to improve their
sites and financial security up to a point, but they will still rely on the politicians they
vote for who can coordinate resilience efforts with other localities and the state and
federal government to improve the community resilience that can impact the value of real
property. Bringing in the state and federal government expands the pool of funds,
knowledge, and political support for local resilience projects that directly impact the
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financial health of the individual American in the age of environmental change.

Figure 5: Multi-Tiered Resilience Solutions Graphic (Climate Ready Boston, 2021)

This figure shows the potential for multiple levels of resilience improvements in
Boston’s downtown waterfront. The purple titles representing potential
city/neighborhood-level resilience solutions, the orange titles representing zoning and
educational resilience solutions, and the blue titles representing building-level solutions.
The image is from the Climate Ready Boston plan released by the City of Boston's
Planning and Development Agency in 2021.

State-Level Resilience

State governments have a duty and an incentive to build resilience within their
borders to protect their people and economy. State governments have the budgets,
expertise, and systems to promote and improve the scale and effectiveness of property-
scale and community-scale resilience projects and campaigns. State government leaders

can inform the public about the risks of environmental change and individual solutions,
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implement state-level disaster plans, and encourage local resilience policy through carrot-
and-stick incentives.

Not every town and city can afford to develop a customized resilience plan, so
each state should have a publicly available general resilience planning guide available to
all. States are especially important in organizing and funding expensive resilience
projects that also generally require coordination between localities and agencies.

States also have more control over the utility grids that our communities and
economy rely on, and thus have a duty and an opportunity to improve their overall
resilience by hardening their electricity and gas grids to ensure people can get the power
they need during stable times and during a crisis (Bakke, 2017). Major grid overhaul
projects often go beyond a single state, extending across regions, which means
individuals must not only rely on their local governments but also the state government
and federal government.

Large resilient-gray-infrastructure projects like dams and sea walls, at the
city/regional scale, can easily cost billions of dollars, often take decades to plan and
complete (Bierbaum, 2012). Most cities and towns cannot raise billions of dollars beyond
their current budgeted revenue, meaning those large projects that could provide benefits
to millions can be too expensive to attempt for a locality, and even a single state

government may struggle to fund the bill for the largest projects.

Federal-Level Resilience

The federal government has the money and institutional power to fund and
incentivize resilience at all other levels, with the tools to impact the actions of individuals
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and property owners as well as businesses and state governments to encourage further
resilience measures. The federal level of government can provide the necessary financial
backing for resilient infrastructure mega-projects, coordination of policy and action
between states and agencies, providing information to the public through federally funded
research, all to limit the risks to both economic security and national security (UN-IPCC,
2022). Certain projects will not be undertaken without the support of the Federal
Government due to the cost and challenges of massive infrastructure projects such as
large coastal resilience projects that can cost tens of billions of dollars and take decades
to complete (Bierbaum, 2012).

The federal government has the resources and knowledge to adapt to the crises —
it produces or funds a majority of the research to understand, mitigate, and adapt to
environmental change — but it has failed to take significant action to address real estate
resilience. The US Department of Defense considers climate change to be a ‘risk-
multiplier’ and one of the greatest threats to America’s security in the 21st century
(Motta, et. al., 2020. U.S. Department of Defense, 2021). It is past time for Americans —
especially homeowners, politicians, scientists, and businesspeople — to treat climate
change as a threat to American security.

The federal government can also play a significant role in property-scale
resilience improvements due to national real estate market mechanisms that underpin our
economic system, which can be adjusted to force resilience at the individual level. For
example, a Fannie Mae mortgage contract already requires the borrower to have flood

insurance on the subject property if they are in an area of risk according to a FEMA risk
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rating system. As we have discussed in this paper, the FEMA maps do not accurately
reflect the risks of properties today and ignore the forward-looking threats of
environmental change. This immense problem has reasonable solutions to begin the
process of lowering risk nationally. Many of those solutions require the weight of the US
government to incentivize the banks, insurers, and asset managers to reduce the structural
risks to the US financial system, and thus act in their own interest. Without coordinated
efforts from the federal government, resilience will be a decision left up to states and
localities; some will have the will and resources to build resilience on their own, while

others will not.

Environmental Change, Migration, and Real Estate

This paper would not be complete without a basic introduction to the topic of
‘climate-migration’, which has become a popular topic in government, academia, and
media, both in the context of animal habitat changes and humans moving to avoid
environmental risk. The popularity of this topic is likely due to the scale of potential
migrations and the consequences of those migrations on economics and politics.
International climate migration is not the focus of this paper, however it is especially
important to consider international migration when investing in real estate near national-
borders or in gateway cities. Environmental change is projected to induce the migrations
of hundreds of millions of people this century, with extensive impacts on economics and
politics at multiple levels (UN-IPCC, 2022.). Whether we are discussing international or
domestic migrations, the forces at play are often similar, and these forces are known as
the push and pull factors of migrations. Perhaps the most common push factor is lack of
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job opportunities, pushing people out, and the most common pull factor is the appeal of
job opportunities, pulling people in. Other push and pull factors can include many factors
influencing the quality of life in a location in terms of social, financial, political, and
religious freedom and security. The most vulnerable locations, that are likely to see
economic losses as a result of increasing risks, are likely to have their pull factors
diminished while their push factors increase. For example, Americans moving South for
good weather and lower taxes may be forced to reconsider the logic of that reasoning as
the risks of extreme weather events increase and require more costs on the part of the

individual in terms of property operation, financing, and ownership.

This paper will introduce the topic of domestic migrations that can be induced by
environmental change, and lead to changes in the value of real estate in the United States.
There are countless instances of environmental disasters causing migrations in this
country. The Dust Bowl in the 1930s forced millions of Americans in the Southwest and
Plains regions to leave their degraded lands that had turned to dust as a result of
damaging agricultural practices and limited resources to adapt. More recently, Hurricane
Katrina forced thousands of Americans to leave New Orleans in the aftermath of the 2005
hurricane that flooded thousands of properties. Americans have been forced off their land
by nature before, but the modern environmental crisis is a more difficult situation to
adapt to. The global scale and worsening trajectory of this crisis can not be overcome in
the way that an acute crisis can be overcome once the dust has settled. The environmental
changes we are beginning to experience in the United States will not lead to the sort of
localized crises that have been a part of humanity for all of time, the types of crises that
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can generally be recovered from once the destruction is over, and lead to opportunities
for living and building smarter in the locations next iteration. The twenty-first century
environmental crisis is a chronic, terminal illness for certain locations, even if they have a
history of overcoming acute environmental disasters. Domestic migration as a result of
environmental change is an important concept for real estate investors to consider,
especially those who hold real estate long-term or investors with assets concentrated in a

single local market.

Some of the states at the highest risk, including Texas and Florida, are some of
the most popular destinations for domestic migrants moving between states in recent
years (Kiersz, 2018). This is one of the reasons why the populations of Texas and Florida
have been growing more quickly than the national average from the past two decades,
leading to rapid growth in real estate values (Davis, 2017. US Census 2020). Many of the
domestic migrants moving South are retirees looking for lower income taxes, warm
weather, and beaches (Smith and House, 2006). As the coastlines get further developed,
the number of people and the property at risk are growing (Davis, 2017). These places
could see significant out-migration in the coming decades, of humans and capital,
especially among their highest income residents who often live in the most expensive,
and highest risk, beach homes, and have the most resources to move elsewhere. The most
resilient locations can be expected to see increases in incoming migration, possibly
reversing current migration trends in the opposite direction, forging new migration

pathways (Mcleman, 2015. Piguet, et al., 2011).
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These projected changes in migration patterns as a result of environmental change
should be considered by long-term-hold real estate investors, and by governments at the
local, state, and federal level in order to build scaled resilience while managing the
impacts of migration flows.

In terms of domestic migrations, people are most likely to travel short distances,
so areas of low risk near areas of high risk are likely to receive environmentally-driven
migrants. This could include high elevation areas near coastal areas with high flood risk.
Also as was discussed earlier in this paper, areas that are projected to be the most resilient
to climate damage in the future may receive more long-distance domestic migration of

people seeking environmental security.

Climate Resilient Real Estate

Resilient assets are those with the robustness to maintain operations and asset
value during and after an acute or long-term crisis. In one of the few peer-reviewed
research papers to address climate-resilient real estate, Professor Jim Clayton provides an
initial definition for 'resilient assets": “Resilient assets are those able to withstand the
effects of not only acute disruptions in the market but also chronic longer-term threats. ”
(Clayton et al, 2021). Resilient assets are not only able to withstand direct environmental
hazards, but also the indirect changes that result from environmental change (Clayton et
al, 2021. Boland, 2022. Hino and Burke, 2021). In the event of an acute environmental
disaster that leads to local infrastructure damage, loss in the local tax base, increased tax

rates to pay for damage and make up for lost tax base, strains on services, and higher
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insurance premiums are all indirect effects of environmental change on real estate with
implication on long term value (Clayton et al, 2021. Hino and Buke, 2021).

To determine if a property is resilient requires consideration of risk and resilience
at other levels, the personal level, city level, state level, and federal level. A property can
be resilient on-site, but if the neighborhood or town surrounding the home is underwater
or burnt to the ground, then the subject property is not very resilient (quality of life
reduction and asset devaluation is expected). This means that the most resilient locations
in general are those in areas that naturally have low vulnerability and qualities of

economic robustness.

My definition of Environmentally Resilient Real Estate:

Environmentally Resilient Real Estate — property that is either nationally-resilient
or locally-resilient — is projected to retain value or grow in value, despite the
overwhelmingly negative projected impacts of climate change on real estate markets,
while also operating efficiently in steady times, and continuing to function during and

after an acute environmental crisis.

In a recent book focused on informing individual and community adaptation and
resilience to environmental change, author David Pogue lists four rules for migrating
towards resilient locations; 1) Get away from the oceans 2) Move north 3) Find Fresh
Water 4) Seek infrastructure (Pogue, 2021). These four rules of resilience can serve as the

base characteristics for identifying comparably resilient places and properties.
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National Resilience vs. Local Resilience

A distinction must be made in the discussion of resilient real estate, one that |
have not found made before. When discussing vulnerability and resilience, are we
comparing the property’s risk and value to the national real estate market or the local real
estate market? We must differentiate between the locations and properties that are
resilient compared to their neighbors, or local resilience, and those that are the most

resilient in the United States, or national resilience.

Defining Nationally-Resilient Property

Nationally-resilient property is located in the most resilient locations to climate
change in the United States, with the current environmental conditions, natural resources,
and economic and social infrastructure to be able to maintain economic stability in an era
of environmental instability. The most resilient properties in the United States can be
termed, ‘nationally-resilient properties'. Defining this sector of real estate allows us to
have a baseline for assessing the vulnerability of other locations, and allows for a value to
be placed on the rare characteristic of minimal projected environmental vulnerability. The
value of properties in the most resilient locations should be expected to rise significantly
in the 21st century, as the supply of resilient land falls with further erosion and damage to
vulnerable properties, and the demand for resilient land grows from Americans seeking

security.
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The most resilient properties in the US are clustered in the most resilient regions
and locations that the US has to offer, or nationally-resilient locations. The nationally-
resilient locations are generally located in the northern states, inland, with freshwater and
limited risk of flooding, wildfire, and extreme heat. The most resilient regions are the
Midwest, the Northwest, and the Northeast, and the most resilient locations within those
regions are inland, with limited flooding and wildfire risk, quality soil or timber, a strong

economic base, and sustainable freshwater resources.

For nationally-resilient property, we can be reasonably confident that the resilient
locations, and real estate within, will continue to be the most resilient options to avoid the
negative impacts of environmental change in the US for at least 50 years, beyond which it
is difficult to predict anything with significant accuracy, especially systems as complex
as the global environment and economy. This means that the category of nationally-
resilient property can be thought of as a long-term definition, with an outlook beyond 15
years, while locally-resilient property should be considered as a short or medium-term
asset (becoming a liability over time, but more slowly than its neighbors), with an
outlook of 5-15 years. For locally-resilient properties, it is unclear how long a resilient
property can retain its value in a market facing extreme climate change impacts that put

downward pressure on the value of real estate in the city overall.

It should be expected that nationally-resilient locations and locally-resilient
locations will attract future migration along different timelines and for different groups of
Americans. People in vulnerable areas will be pushed to find resilient places to live if

changing environmental conditions lead to lower quality of life and economic decline.
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The comparatively strong resilience of another location should be expected to pull people
in and keep people there. The pull factors of family, work, and safety, are likely to
compel individuals to choose resilient locations to migrate to if they are pushed out of

their homes or communities by environmental change.

However, some notable current migration trends are moving in the reverse
direction from the patterns that are anticipated to evolve in response to environmental
change. Americans are moving to locations in the Southeast and Southwest in record
numbers (IRS 2021, Census 2020). The current southward migration flows of the US
population add to the vulnerability of those locations by driving up the population and
real estate values to unsustainable levels. This provides further evidence that projections
of environmental change are not being considered by the majority of Americans in their
migration decisions. The current trend of domestic migrants seeking out vulnerable
locations is one factor leading to the under accounting for environmental risk in real

estate valuation in the United States in 2023.

Defining Locally-Resilient Property

In vulnerable locations the heterogeneous environmental risk between
neighboring areas and properties can lead to disparate outcomes in close proximity (First
Street Foundation, 2021. FEMA, 2021). This leads to the concept of locally-resilient
property, which is in itself a value proposition for certain real estate in areas and on lots
that are more resilient than nearby locations. In areas where immense real estate value is

concentrated on the highest risk parcels, such as in Miami — where land is over-valued
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due to its environmental risk profile —, there is a potential opportunity in the nearest
locations that are resilient and also undervalued due to the under accounting of
environmental risk in property markets in 2023. In a coastal city at a low elevation, the
properties at a higher elevation within the city or in the closest suburbs are likely to
comparatively hold value despite changing environmental risks and potentially grow in
value, as the more vulnerable properties are devalued when their projected long term
risks are realized in current values. Properties in environmentally-vulnerable markets that
are significantly more resilient to the changing conditions in that market than the average
property are likely to preserve value for longer than in high-risk locations. It is a potential
outcome that in some high-risk markets, locally-resilient properties will grow in value,
but it can be logically expected that the more resilient properties will preserve their value,
economic use, and profitability for longer than the comparatively vulnerable properties in
the same market. Despite this opportunity, real estate stakeholders should be wary of
locally-resilient property investment as a truly 'resilient’ strategy, since it carries the risk
of holding long-term assets in high-risk markets. The value of locally-resilient property is
still dependent on the economic success and demographics of the surrounding area. It is
unclear if a locally-resilient property can considered to be truly ‘resilient’ to
environmental changes that will have impacts far beyond the physical effects of nature on
individual real estate assets, we do not know if a property at a higher elevation in a city at
high risk of sea level rise and increasing precipitation event severity will hold its value if

the median home value and investment property incomes fall.
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Since most people and businesses are tied somehow to their locations through
employment, property, or personal relationships, the theory of locally-resilient property
offers a refuge for those individuals, businesses, and people who will not move out of
their cities or towns or off their lands as a result of the risks of the current under
accounting for environmental change in local real estate markets. Locally-resilient
properties, through the characteristics of the land itself or the method of construction, are
significantly more resilient to environmental change than the average property in the
same market. How long that feature of resilience will last for a locally-resilient property

in vulnerable locations is not clear.

10 Examples of Resilient Cities and States in the United States

In the United States in 2023, there are several cities and states that stand out as the
most environmentally resilient locations for real estate ownership and investment. The
following list provides a small sample of the most resilient cities in the United States,
informed by the general characteristics described and sourced in this paper (see table
reference and works cited). While the discussion here is limited to cities, this is not to
suggest these cities are more resilient than the suburbs, exurbs, and rural areas that
surround the central market or city and provide it with people, resources, and goods, and
rely on the value of the central location. These cities generally fall north of the 45th
parallel, and the rankings incorporate social factors and real estate metrics in the sources
referenced in this document, especially the FEMA National Risk Index, and the Rhodium
Group’s economic damage projections. Resilient locations in the United States are
concentrated in the Midwest, inland Northeast and Northwest, and Upper Plains regions.
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As temperatures warm globally and locally, northern regions with prohibitively cold
temperatures in the present climate are likely to see some positive economic benefits of
warming temperatures — due to more moderate living conditions, longer growing seasons,

and longer outdoor labor seasons — up to a point.

Table 3: 10 Resilient States and 10 Resilient Cities Sample

Resilient State | Resilient Region National | Economic | State Environmental
Example City Risk Index | Risk Rating Assets
Example Rating 1-10, most
(FEMA, | vulnerable
2021) (Shaw and
Lustgarten,
2021)
Vermont Burlington | Northeast | Very Low 4 Lake Champlain,
Green Mountains,
Proximity to
Montreal, Canada
New York Buffalo Northeast | Moderate 4 Lake Ontario and
(Upstate) Lake Erie, Catskills
and Adirondack
Mountains,
Proximity to
Toronto, Canada.
Pennsylvania | Pittsburgh | Northeast | Moderate 4 Lake Erie,
Allegheny National
Forest
Wisconsin Madison Midwest | Relatively 4 Lakes Michigan and
Low Superior
Minnesota Duluth Midwest | Relatively 4 Lake Superior,
Low Superior National
Forest
Michigan Ann Arbor | Midwest | Relatively 4 Lakes Michigan,
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Low Huron, and Erie,
Upper Peninsula,
Proximity to
Toronto, Canada
Washington Spokane | Northwest | Relatively Link to Seattle and
Low Vancouver, Canada.
Idaho Boise Northwest | Relatively Boise National
Low Forest, Snake River
Montana Billings Northwest | Very Low Yellowstone
National Park
Colorado Boulder Southwest | Relatively Rocky Mountain
Low National Park

Table based on data and insights from the following sources: Shaw and Lustgarten,

2021. Pogue, 2021. FEMA, 2021. NCA4, 2017.

The most resilient counties in the United States, as ranked by Shaw and

Lustgarten in their report created for the New York Times and ProPublica in 2021, are

located primarily in the Northern states in the Northeast and Midwest, with the notable

exception of Colorado. In the table below from that report, the factors in the assessment

of projected economic damage as a result of environmental changes include; heat, wet

bulb, farm crop yields, sea level rise, very large fires. The combined risk score is on a

scale of 1 to 10, with only six counties receiving a score of 1, located in Vermont, Maine,

Michigan, and Colorado, representing the counties with the lowest negative impacts

projected from environmental change. The report goes further to project economic gains

n these counties as a result of environmental change mainly from higher crop yields as a
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result of a longer growing season accompanying higher temperatures, that can also make

life easier in cold locations (Shaw and Lustgarten, 2021).

Table 4: The 20 Most Resilient Counties in the United States - Projected Economic
Damage from Climate Change (Shaw and Lustgarten, 2021)

County ¢ Heat ¢ Wet Bulb ¢ Farm Crop Yields 8 Sea Level Rise VerylargeFires3 Economic Damages $
$

Park County, CO 1 1 1 1 {1
Keweenaw County, Ml 3 5 1 1 1
Grand Isle County, VT 3 4 1 1 1
Piscataquis County, ME 3 - | 1 1 1
Essex County, VT 3 2 1 1 1
Orange County, VT 3 2 1 1 1
Cook County, MN 3 1 1 1 6
‘Washington County, ME 3 4 1 4 1
Lincoln County, ME 3 2 1 4 1
Hinsdale County, CO 3 1 1 1 3
Oxford County, ME 3 4 1 1 1
Caledonia County, VT | 4 1 1 1
Grand County, CO 1 1 1 1 3
Araostook County, ME 3 2 1 1 1
Franklin County, ME 3 2 1 1 1
Hamilton County, NY 3 2 1 1 1
Orleans County, VT 3 2 1 1 1
Lamoille County, VT 1 1 1 1 1

Mora County, NM 3 1

Houghton County, MI 3 2

Rhodium Group research reported on and organized by ProPublica. Shaw and
Lustgarten, 2020.

From the same report, the table below identifies the counties with the most
projected economic damage as a result of environmental change. Counties with a

composite environmental risk score of a 9 or a 10 are projected to experience extreme
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negative impacts on economy and society as a result of the environmental change factors
included in the analysis by Shaw and Lustgarten. This analysis is missing several

important factors, including freshwater availability and inland riverine flooding.

Table 5: The 20 Most Vulnerable Counties in the United States - Projected
Economic Damage from Climate Change (Shaw and Lustgarten, 2021)

County 3 Heat ¢ Wet Bulb ¢ Farm Crop Yields ¢ SealevelRise VerylargeFires¢  Economic Damages ¢

Pamlico County, NC

Dixie County, FL

Levy County, FL

Franklin County, FL

Gulf County, FL

Beaufort County, SC

Wakulla County, FL

Assumption Parish, LA

Hyde County, NC

Volusia County, FL

Glades County, FL

Putnam County, FL

Vermilion Parish, LA

Clay County, FL

Carteret County, NC

Melintosh County, GA

Washington County, FL

Hancock County, MS

Citrus County, FL

Calhoun County, FL

Rhodium Group research reported on and organized by ProPublica. Shaw and
Lustgarten, 2020.
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SECTION 111 - OPPORTUNITY FOR RESILIENT REAL ESTATE
INVESTMENT IN THE ERA OF ENVIRONMENTAL CHANGE

How should Real Estate Stakeholders Adapt to the Changing Environment?

Building resilience is critical to preserve the economic value of property in places
with extreme risk (FEMA, 2021. IPCC, 2022). In extreme/high-risk places, the
‘sustainability’ of a building is dependent on its resilience, not on its carbon emissions. It
is misleading to call a building ‘sustainable’ that is projected to flood chronically in
twenty years. It is critical that policymakers, homeowners, and investors, those with the
greatest ability to impact the resilience of their community, adapt their thinking to
consider environmental vulnerability in all their real estate decisions. If homeowners,
investors, and policymakers are made fully aware of the risk they face, they will have the
personal incentive to invest in their own resilience and to support government measures
that improve resilience at the community/state/federal scale. Homeowners and investors
logically prefer not to hold risky assets that keep them up at night, and policymakers

don't want climate change to harm their communities.

Policymakers

Without the consideration of environmental risks, many Americans will continue
to make decisions that put themselves and their families at risk over the long term.
Americans have not been properly informed on the extremity of the impacts of climate
change and do not understand the risk to their financial security, with the evidence being

the current under accounting for long term environmental risk in real estate prices. Local
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governments may not be fond of advertising the perilous environmental changes that are
projected, but they are in the best position to both inform their community and take
resilient action. Informing the public of their risks should be the number one solution that
every community in the US has the resources to do. The information relating to the
impacts of climate change and the vulnerability of specific communities is widespread.
The information is already available from leading scientific institutions for free in most
cases, and community governments can synthesize that information and convey it to their
constituents in a trustworthy and actionable way. Larger local governments with the
resources to do area-specific studies of risk and resilience (such as the Climate Ready
Boston report) allow for a level of detail that is more valuable to the community than
boilerplate solutions. At a minimum, local governments should inform their constituents
of the true nature of the risk they face so they have a chance to do something about it
themselves, even if there is no further action from the local government beyond citizen
education.

For the most vulnerable locations in the United States the best option for long-
term community resilience may be to manage retreat. For the state and federal
government, this could mean avoiding investing the taxpayer dollars of Americans in the
highest-risk locations. By providing funds for resilience projects in the highest risk
locations, the government is helping to protect the assets of individuals and businesses,
but it also can lead to a dangerous moral hazard. If the federal government is willing to
invest billions in the protection of extreme-risk locations with built resilience and is

willing to bail out Americans for their uninsured disaster losses, it allows people in those
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locations to continue a business-as-usual approach. The extreme-risk locations are also
likely to need continuing funds to stay resilient and keep the improvements at a level that
meets the environmental threats of tomorrow. State governments and the federal
government should invest in resilience only in the places with a chance of staying
resilient into the long-term future. There will be the need for a triage approach at some
point in time when the risks further overwhelm the systems we rely on, and governments
and policymakers will need to make hard choices about where to invest their dollars to
ensure the maximum security of all their constituents.

Policymakers should consider whether a managed retreat strategy is the best
option in resilient investment decisions. If it costs less for the government to buy out the
property owners in an extreme risk area for near market value through eminent domain
than it does to effectively build resilience, then the option of a managed retreat should be
prioritized. If the cost is lower to flee from environmental risk than to fight it with built
resilience, then retreat is the preferred option. The cost of protecting the highest-risk
areas will only increase with time as the impacts of climate change become more severe.

Maladaptation, or flawed adaptation, is a serious risk in this era, a risk that
policymakers and individuals in vulnerable locations must consider when making asset
allocation decisions for resilience (Schipper, 2022. Bakke, 2017). Large gray
infrastructure resilience projects are meant to reduce vulnerability but can, in many cases,
make locations more vulnerable, especially as experienced impacts exceed the original
design and engineering parameters (Schipper, 2022. Bakke, 2017). During the

consideration of a physical-resilience improvement project at any scale, a cost-benefit
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analysis must consider the long-term cost of keeping a sea wall, floodable park, or
resilient building effectively in place versus the cost of slowly managing a retreat away
from risk. All resilience projects must consider maladaptation risk, which can provide a
useful baseline for assessing the cost/benefit analysis of potential resilience measures.
This balance can be managed by governments through incentivization, using zoning and
building codes, taxes, insurance, and other mechanisms to change cost incentives, or
through force, using eminent domain.

Low-income communities in vulnerable locations are less likely to have the
ability to build resilience and are also less likely to have insurance coverage or receive
government funds in the wake of a disaster (Gibson, 2019). In this research, | focus on
the impacts on real estate in terms of value or market price and the implications for
homeowners and investors. Tenants in affordable housing, as well as those who are
homeless, face the greatest risk of injury from environmental changes, such as flooding
and extreme heat, and have the least resources to get back on their feet after a crisis
(Gibson, 2019). Low-income individuals who rely on subsidized housing are especially
vulnerable to climate change since it can be very difficult to find affordable housing
accommodations in most places (Desmond, 2016). If your low-income housing unit is
flooded, it is difficult to find new accommaodation quickly nearby with many others in the
same position, overloading the limited systems that support affordable housing
(Desmond, 2016. Gibson, 2019). The homeless are in an even worse position, with their
bodies and personal property exposed to the increasingly harsh elements (Gibson, 2019).

These groups are also less likely to have insurance on their personal property and are
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more likely to keep their cash and valuables on hand, so each storm puts their financial
security at risk, and their housing is less likely to be resilient to environmental changes
(Gibson, 2019. Desmond, 2016). When disaster strikes, these groups will be hit harder
and have fewer resources to recover from the damage (IPCC Adaptation, 2022.

Desmond, 2016).

Individuals, Investors, and Businesses

The first step for any person or company to build resilience is to determine the
environmental risk to the property and community utilizing basic online research tools,
such as the FEMA National Risk Index Map, or the NOAA Resilience Toolkit (FEMA,
2020. NOAA, 2021). If the risks to a home are extreme then the cost of staying in that
home is likely to go up in the form of higher taxes, insurance, and maintenance costs with
implications for the value of the property (Clayton, 2020. Boland et al, 2022. Englander,
2019). Individuals and businesses in these locations should consider moving to a less
vulnerable location, implementing a managed retreat strategy as opposed to a forced
retreat later on, if that is a possibility. Individuals and businesses in moderate-risk
locations should take the basic steps of assessing their property-level risk, buying the
proper insurance coverage, and improving the resilience of their assets and operations.
Individuals and businesses living in low-risk locations can still take steps to increase the
comparative resilience of their real estate by prioritizing efficiency and critical system
redundancy for an added layer of long-term security.

One of the most important things people in any location can do to protect
themselves and their investments is to buy insurance covering the full value of their
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property, for all known risks (Pogue, 2021. UCS, 2017). For those owners or buyers of
real estate who are denied insurance or are quoted to pay extremely high insurance
premiums, the best option is to not buy that property or move elsewhere fast before costs
rise higher. This also implies that the costs of the overall operation of the property will
continue to rise and the overall location is at risk of value depreciation as a result of
extreme environmental risk.

For communities investing in resilient infrastructure, updating building codes, and
incentivizing sustainability, it is also crucial to incentivize managed retreats for the
highest-risk locations. Some areas are simply too expensive to protect, given the extreme
risks, and reduce a community's ability to build resilience overall (UCS, 2018). One way
to do this is by charging a stormwater tax to raise the cost of living for risky property
owners who will likely require a bailout in the future (Carrey, 2020). This also can help
to fund infrastructure improvements and emergency services (Carrey, 2020). Managed
retreat is being implemented in programs at local, state, and federal levels, with
governments and federal agencies buying the most vulnerable properties to destroy them,
in order to lower community and national risk burdens (Sider, 2019). It is important to
recognize locations that will not be efficient to protect from overwhelming environmental
risks long term and to have people move out of those places before it gets destroyed and
wipes out people's and communities' financial security. Hard choices, like a retreat, will

be necessary to adapt to the 21st century (IPCC, 2022. NCA, 2017. UCS, 2018).
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Renters

Renters who do not own the property they inhabit and are contractually tied to
that property for one year or less in most cases, avoid the worst financial impacts of
environmental change on real estate. Renters are also legally protected by the law that a
rental contract is voided if the property is destroyed or unlivable. The social and physical
risks to life, as well as risks to personal property in vulnerable locations, can impact
renters and homeowners in similar ways, but the potential financial losses of physical and
transition risks from environmental change are more limited for renters. For those who
continue to live in vulnerable locations, it is simply more financially secure to not own
your home. Renters' insurance can cover the painful loss of personal items, and the
financial security benefit of not owning property in vulnerable places outweighs the
classic economic benefits of real estate ownership — tax benefits, capital gains, and a
wealth transfer device to the next generation — (Mahoney, 2022. Pagourtzi, 2003). For
those who need to live in vulnerable places for work or family, renting is simply a better
option than buying. It is also important for renters to consider that since they cannot
significantly improve the resilience of their apartment, they can choose to live in an
apartment that has natural resilience or built resilience to reduce their own risk to

manageable levels.
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Homeowners

The recommendations for homeowners to make themselves and their families
resilient to environmental change are simple: 1) live in a resilient place 2) buy proper
insurance coverage 3) make resilience improvements at the property scale. There are
extensive resources available for free online with solutions for homeowners to improve
the resilience of their property using a mix of insurance and physical improvements to
mitigate risk. All property owners should do a basic environmental risk assessment of
their assets by doing basic online research on the environmental risks that the community
is exposed to (online free resources are available through your local government, FEMA,
NOAA, DoA, First Street Foundation’s Risk Factor tool, and other publicly available
info).

Individuals living in vulnerable locations should do further research to determine
the risk to their property to make sure they have proper insurance coverage, and to
identify any physical vulnerabilities. This may mean calling in a building professional or
an insurance agent to determine the level of risk for a property and the proper coverage or
solutions needed to improve financial security.

Check if the town/city that a subject property is located in has a resilience plan or
recommendations for homeowners in the area to improve resilience and lower insurance
costs. If no plans or information are available on the topic of environmental resilience at
the local level, individuals can ask their local government why that is the case and learn
from their neighbors on how to build resilience. More resilient homes in an area leads to

a more resilient community overall, so individuals are incentivized to both learn from and
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inform their neighbors to achieve collective resilience. Individual homeowners can also
seek to build political support for and vote for environmental resilience policies and
candidates who support those policies at the local, state, and federal levels.

The best resilience solution for individual homeowners and renters is to live in a
location with low environmental risk. For homeowners living in a low-risk location, it is
always a good idea to assess the local level of risk and to purchase the proper insurance
coverage. Investments in resource efficiency improvements can have co-benefits to
property resilience, such as on-site power generation and storage. Individuals in low-risk
locations can prioritize emissions mitigation to maximize environmental resilience (due
to transition risks and local comparative resilience), while individuals in high-risk
locations should prioritize adaptations to counter the physical risks of environmental

change.

Investor and Businesses - Reduce Exposure to Risk and Target Resilient Locations

For investors, the goal is always profits, or in less blatant terms, to achieve the
highest risk-adjusted return possible. In modern times, achieving long-term profitability
requires considering the physical and market risks associated with climate change
(Clayton et al., 2021). This means more environmental research and due diligence should

be completed before any major real estate transaction (Sheldon, 2017).

Investors should assess the environmental risk to their portfolio and reduce
portfolio exposure to high-risk locations. Investors should consider holding on to a

comparatively resilient property in a vulnerable location (locally resilient) until
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environmentally-driven price shifts begin to significantly impact higher-risk properties

within the same market.

There is a significant opportunity for investors to act on information that a limited
segment of the market has incorporated into their real estate decision-making. The
impacts of environmental change on real estate described in this paper and backed by
widespread public research will have significant market impacts in the short-term, with
more catastrophic outcomes over long-term. Those who adapt to projected environmental
change before they directly experience loss as a result of environmental change, can
expect better outcomes than those who wait and respond only when the damage has

already been done.

Investors seeking to hedge their real estate portfolios' environmental risk can
target nationally-resilient properties with long-term investments. Over time a portfolio's
asset concentration in vulnerable locations should be reduced while increasing the

concentration of portfolio assets in resilient locations.

The Era of Resilient Real Estate Investment

Real estate values are only beginning to reflect changing environmental risks, but
the era of resilient real estate investment has begun, in that billions of dollars are going
into resilient real estate investment strategies (Lee, 2021. Pogue, 2021. Bendix, 2018).
Since these strategies are likely already being implemented in the market, although for
which there is limited public information or evidence, this paper will lay out some of the

strategies that investors of all types will come to include in all of their real estate
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decisions in the coming decades. The available strategies to hedge risk, or capitalize on
environmental change, are many, and some are quite obvious, such as buying land at a
high elevation in a market with significant coastal sea level rise risk. Perhaps the most
obvious investment strategy to profit from environmental change, and possibly the most
cynical, is to buy up property with water rights in areas with limited freshwater resources.
The prime locations for this type of strategy is the Colorado river region which is
struggling under extensive drought conditions, limited freshwater resources, and growing
populations, leading investment companies such as Water Asset Management, LLC to
buy up $20 million in land with comparatively strong water rights in recent years (Tracy,
2023). On Water Asset Management's website, they give an intriguing but limited pitch,
not going into the full detail of how they will take advantage of communities and
individuals with limited freshwater resources, but making clear their goals to maximize
profits in this domain. “WAM s core belief is that scarce clean water is the resource
defining this century, much like plentiful oil defined the last. WAM's investment process
is focused on fundamental analysis based on deep, proprietary water industry expertise
and access to a wide range of industry operators, regulators, and policy experts. Climate
change is intensifying drought, flood, and fire. These factors provide an unprecedented
period of transformation and investment opportunity for the water industry. ~’- Water
Asset Management Website. Freshwater is a limited resource that is required for human
life, agriculture, and energy production; one of the easiest ways to tap into that resource
is by purchasing freshwater-rich land in freshwater-poor areas. There is a limited supply

of resilient land, and the demand for it will grow as vulnerable land is further eroded by
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environmental change along with the economies on top of it. The era of resilient real

estate investment has begun, and it will not be pretty.

Resilient Real Estate Investment Strategy

The current market value of US real property in many locations does not
accurately match its risk profile. There is an opportunity in that under accounting for risk.
Current resilience/adaptation research that focuses on vulnerability often does not take
the step to include consideration of investment opportunity. When we bridge the gap
between scientific research and investment strategy, the opportunity becomes clear to
make investments in comparatively-resilient property in the US (national resilience and
local resilience) before market values accurately reflect environmental risk (Pagourtzi,
2003. UCS, 2018). This section has aspects of informed real estate speculation based on
the most current scientific research into climate change and its projected impact on the
United States, however, it should not be taken as investment advice, and readers should
consult their professional financial advisors before making large speculative investments
in real estate.

The following section will outline a series of strategies for resilient real estate
investment in the United States, with some already being widely adopted and others that
have not been publicly reported on or studied to date in 2023. These strategies are
informed by discussion of the spatial disparities of environmental change and real estate
value, and represent potential responses for investors to consider depending on their

geographic region and investor profile.
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Resilient Cities and ‘Climate Havens’

Resilient cities, often called climate-haven cities, are those resilient US urban
locations with low environmental risk, along with strong infrastructure and institutions,
and the ability to attract migrants seeking stability in a time of changing environmental
conditions. Locations that are seen to be more resilient, whether those perceptions are
supported by evidence or not, are likely to attract people and capital, and areas seen as
higher risk are likely to see outward flows of people and capital as a result of the
instability rapid environmental change can bring. The majority of people and capital is
concentrated in cities, and this is where a number of Resilient Real Estate Investment
Strategies are likely to be implemented.

In terms of high risk cities, the strategies of buying, holding, and renting high-
elevation land in low-elevation coastal cities is an obvious strategy for the short-term, and
can be described as a local-resilience strategy, but the risk of that strategy grows with the
risks to the overall market. For long-term, stability-focused investors, including the
largest institutions, wealthiest private individuals, and the sovereign wealth funds of
nations, commercial real estate in the largest urban markets are generally the asset of
choice. The largest real estate investors, including large banking institutions, most often
want the security of urban multifamily, office, hotels, and retail buildings, and land in the
largest U.S. cities that are classically considered some of the most stable assets in the
world. These assets rely on the stability of their market to retain their value and grow in
value over time, so if a city has existential risks that will be extraordinarily difficult to

overcome, both the direct impacts and the changing preferences of individuals and
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institutions will harm the value of assets in those locations. Large institutions generally
seek stability, and real estate in cities that can be expected to benefit from net inflows of
people and capital due to their location will provide the economic security and growth
potential investors of all types seek out.

The most resilient medium-sized cities in the United States include Buffalo, NY;
Albany, NY; Burlington, VT; Duluth, MN; Ann Arbor, MI; Cleveland, OH; Madison,
WI; and Boise, ID (Pogue, 2021. Malo, 2019. Opperman, 2011. Abrams, 2022). These
cities are likely to take in large numbers of domestic migrants looking for safer and more
sustainable living situations (Pogue, 2021. Malo, 2019. Opperman, 2011). Investors
should seek to buy property in cities that are projected to increase in population due to
migration associated with environmental change. Many of these cities have seen a major
population decline since the era of industrialization, so real estate values are low in an
environment of excess supply and low demand. With climate change, that situation is
likely to flip, and with a rising population generally comes rising property values. Those
investors that make early speculative investments could see substantial returns over the
next ten to twenty years. Many other factors will influence these cities as well, but the
major trends of urbanization, and now, deglobalization, are likely to further influence
movement to these cities.

An urban resilient investment strategy targeting local disparities in sea level rise
vulnerability is to buy the highest elevation land in a coastal city at low elevation. This
strategy would target the real estate with the lowest vulnerability to flooding which is a

real estate value proposition in cities where the majority of property faces significant
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flood risk. This strategy carries significant risk, as an investor will need to sell out of their
position before the city's real estate values overall collapse under the weight of lost tax
revenue and failing services. This strategy could be described as a form of 'disaster
capitalism' because it specifically targets limited critical resources within potential
disaster areas to maximize profits, in a similar way with the freshwater investment
strategy (Klein, 2009). Examples of cities with extreme SLR-risk neighborhoods include
Miami, New Orleans, Houston, Jersey City, Tampa, NYC, Boston, and many more
(NOAA, 2021. UCS, 2018). This is one of the most expensive, risky, and amoral
investment strategies of the four examples | will discuss, but with the fastest return on
investment. This strategy is likely to be implemented after a major disaster when prices
are lower and when real estate investors have been forced to consider environmental risk.
This sort of high-risk/high-reward speculation in disaster areas can be considered a form
of disaster capitalism, also known as profiting off of a disaster, however, prioritizing
resilience in home buying and investment decisions should be considered basic logical

investment analysis in 2023.

Resilient Rural Land

Quality natural land — including land with sustainable topsoil, forests, ecosystem
services, freshwater resources, and bucolic scenes — is a limited, and declining resource in
the United States. Natural places with limited development are becoming even rarer by
the year, as more natural land is degraded beyond repair by environmental change.

The value Americans place on fresh air, clean water, and bucolic scenes is likely
to increase as all three become more rare. The supply of resilient land is declining, from
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development, wildfires, and insects, and the demand for it is increasing, as Americans are
further and further removed from the natural scenery and smells that humans are
hardwired to find happiness in. Evidence for an increased demand for nature from
Americans became clear during the coronavirus pandemic, when workers were given the
freedom of mobility through teleworking, and Americans sought out rural communities
close to quality natural resources in record numbers, driving up the price of real estate in
those exurbs and rural vacation towns to all-time highs (Dimke, 2021).

Those locations that grew in demand and population during the pandemic, are
often natural retreats from the normal city or suburban lifestyle that many Americans
were able to seek during the pandemic (Dimke, 2021. Rosalky, 2020). Some of these
towns are resilient locations with a level of services and activities that will attract wealthy
migrants looking to get away from cities and suburbs and live near nature while working
remotely (Rosalky, 2020). The towns that had a spike in demand for housing, and
subsequent price increases during the Pandemic, are likely receiver locations for future
migrants seeking environmental security, and natural beauty.

For investors targeting resilient rural land, investments are most likely to be made
within the Great Lakes region, the Northeast, and the Pacific Northwest. In each of these
regions, land can be found for under $1,000 per acre, and compare that to an expensive
condo in the same region that can cost $1,000 per square foot (Zillow.com, 2022).

Another potential rural land investment strategy, let’s call the ‘borderlands’
strategy, is to invest in land that falls near the junction points between the US and Canada

(Burlington, VT - Montreal, Canada. Buffalo, NY - Toronto, Canada). In a less stable
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world, the flows of goods and people between the US and Canada could be expected to
increase - due to the geographic proximity allowing for local supply chains, more
resilient and sustainable for those resources and products that can be produced at home -,
and lead to an increase in jobs and population in the borderlands region between Buffalo,
New York and Toronto, Canada, as well as the regions between Burlington, Vermont and
Montreal, Canada, and between Seattle, Washington and VVancouver, Canada. These
regions also happen to be some of the most resilient places in the United States and are
likely to see some benefits from warming temperatures leading to longer growing seasons
and less harsh winters (Shaw, 2021. Pogue, 2021. First Street Foundation, 2021).

This leads us into the next potential strategy, that we will call the ‘resilient
agriculture’ strategy (a.k.a. Future Farmland) which targets productive agricultural land
that is resilient to environmental change. The farmland of today will not necessarily be
the farmland of tomorrow because agriculture productivity is dependent on the soil
quality, climate and precipitation, and other environmental conditions that are changing.
Increasing temperatures, changing precipitation patterns, expanding insect habitats, larger
wildfires, topsoil erosion, and limited freshwater will change where crops can be grown
traditionally in the United States (Lin, 2011. Kearney, 2014). While there are countless
adaptations within the agricultural sector to prolong the productivity of vulnerable
farmland, these adaptations can be costly if they are to overcome nature. Farmland with
reliable freshwater resources and moderate temperatures is more resilient than farmland
in the hot and dry parts of the US, and farmland in locations that are too cold but

projected to warm are likely to see increases in value as the growing seasons extend. This
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represents an opportunity for real estate investment and agricultural investment in the
most resilient food producing regions of the United States.

The freshwater-rights investment strategy, which was introduced in the previous
section as a strategy that is already being implemented in the American West, targets
properties with strong water rights in regions with limited freshwater resources. This
strategy can target agricultural land in places considered nationally resilient in the US,
similar to the resilient agriculture strategy, but with more opportunity for profit in
locations with comparative resilience, driven by a comparative freshwater advantage. In
areas where agriculture is the dominant industry and water resources are limited, those
with access and rights to water can sell that water or use it themselves, and see their
property values rise in comparison to the devaluation of water-poor lots nearby (Lin,
2011. Bendix, 2018. Kuwayama, 2019. Kearney, 2014). Reliable, affordable water is key
to the profitability of a farm. One year, or a few years, of limited water can push both
traditional farms and corporate farms into bankruptcy. This strategy can be implemented
in several ways, including by buying property with significant water access/rights in
areas with water scarcity. Energy production and manufacturing processes often require
massive amounts of water, so agriculture producers must compete with other corporate
interests for water (Kearney, 2014. Fishman, 2012). Several large institutional investors
have already started to pour capital into properties with comparative water resilience,
including the money manager for the Harvard University endowment (Bendix, 2018.
Fishman, 2012). People need water to drink, and if there's not enough to drink and use at

home, then there surely isn't enough for large-scale conventional agriculture, energy, and
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manufacturing processes (Lin, 2011. Kwayana, 2019. Grasham, 2021, Fishman, 2012).
The demand for freshwater is increasing while the supply of easily available freshwater is
declining, leading to an investment opportunity.

Another rural resilient land investment strategy is to target limited mineral
resources that are available in the United States. Rare earth minerals and metals are
already being targeted by major corporations in the United States and around the world as
part of the global competition to secure the raw materials for the energy transition that is
occurring. This leads to the opportunity of securing land with resources that will be
increasingly demanded for decades as the economy transitions from dependence on fossil
fuels to a dependence on the rare earth materials that solar panels, wind turbines, lithium

batteries, and electric vehicles require for production.

Conclusion

Due to the experienced impacts and forward projections of environmental change
on real estate, the uneven impacts across the nation, and the fixed nature of real estate,
individual property owners as well as the national real estate economy are put at risk. For
certain vulnerable locations, it is a matter of time before properties are devalued to
accurately account for changing environmental risks. It is difficult to predict when a
downward market adjustment will occur — which could be a rapid change or a slow
trickle — meaning there could be multiple up/down cycles in the real estate markets before
severe devaluations begin and prices begin to accurately reflect inherent risks (Hino and
Burke, 2021. Boland et al., 2022. Pogue, 2021). It is also difficult to predict how
individuals, businesses, and governments will react to increasing environmental risk.
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Most likely the reactions will vary by heavily by location, the level of risk faced, and the
resources available to adapt. The adaptations that are needed to secure the most
vulnerable locations in the United States will require billions of dollars, overwhelming
public support, cooperation between governments, and individuals, businesses and
governments prioritizing resilience (Graasham, 2021. Bendell, 2020). It is more likely
that locations with extreme risks, limited resources, and rising populations will struggle
to keep quality of life and economic opportunity at stable levels over the long term,
leading to changes in migration patterns, with dramatic impacts on real estate value.

The impacts of projected environmental change are not currently accounted for in
the pricing, valuation, and underwriting of real estate in most U.S. locations, representing
a major risk to the economic security of individuals and the nation (Gourevitch, et al.,
2023. Hino and Burke, 2021). This paper is meant to inform individuals, communities,
businesses, and governments on the environmental risks they should consider in all real
estate decisions, and potential resilient real estate strategies to adapt to those risks. While
changing environmental risks represent a major threat to the financial security of many
property owners and the national economy, there is a potential opportunity in this crisis
for investors to capitalize on environmental change using a resilient real estate investment

strategy, targeting properties that are locally-resilient and nationally-resilient.
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