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Abstract 
 
This paper surveys the current literature of the impact of climate change adaptation on residential 
property values. Several categories of adaptation are considered including ecosystem 
management, structural management, and land use and institutional controls. Since adaptation 
measures are expected to provide a decrease in risk to property owners, they are expected to 
increase values, but may also have negative impacts on the owners, or on others nearby. Thus, 
empirical tests of the impact are needed. This paper discusses the quality of the data used in each 
study, as well as the appropriateness of the estimation technique. Where the research appears to 
have answered the question as well as gaps that remain in the literature are noted.  
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Climate Change Adaptation and Property Values: 
A Survey of the Literature 

 
 

Introduction 
 
This paper surveys the current literature on climate change adaptation and property values. 
Estimates of property damage due to climate change suggest $20 billion in damages due to 
flooding annually in the United States currently and that is expected to rise to over $30 billion in 
the next 30 years (First Street Foundation 2021). In addition, $2 trillion of real estate is 
California is at risk due to wildfires (Worland 2021). As the risk from climate change increases, 
governments, businesses, and individuals are considering how best to minimize both the extent 
of climate change and the associated potential damages to property. In this survey we focus on 
the methods of adaptation to climate change, rather than on methods to mitigate climate change. 
Mitigation can be thought of as ways to limit climate change (e.g., reducing carbon emissions), 
while adaptation is concerned with how communities can best live with the effects of climate 
change. Adaptation is likely to be highly place and context specific; sea walls make sense in 
some areas, while increasing green space makes sense in others.  
  
Adaptation can occur in many ways. The Intergovernmental Panel on Climate Change (IPCC) 
has stated “Adaptation can take a variety of approaches depending on its context in vulnerability 
reduction, disaster risk management or proactive adaptation planning” (Synthesis Report, Section 
4.2). The report provides a table with examples of adaptations (see Table 4.2) Examples include 
tangible public investments, such as sea walls, as well as changes in government regulations such 
as building codes or urban boundaries. The relevant categories from the IPCC for this literature 
survey include Ecosystem Management, Structural/Physical, and Land Use/Institutional 
adaptation options.  
 
When purchasing a house, buyers consider the characteristics of the house and its neighborhood 
in deciding how much they are willing to pay. Economic theory suggests that houses that are 
exposed to more risk, such as increased risk of flooding, will be worth less to buyers since the 
expected returns are lower. Thus, any adaptation that minimizes the risk, or that minimizes 
damage from an event, should increase the value of the house, all else held constant. In addition, 
houses that are “safer” should have lower insurance costs, which would also increase the price 
buyers are willing to pay. For example, we expect that houses that are hardened against storms 
through the way they are constructed should sell for a higher price than those that are not 
hardened, especially in areas with high risk of damage from storms.1  
 
In considering different adaptation measures, it is important to consider whether the adaptation is 
a public good (benefits go to all members of the group regardless of financial contributions) or a 
private good (benefits accrue only to the owner who has paid for the good). Public goods are 
provided by groups, such as a locality, and are often funded through assessments or taxes, 

 

1 As mentioned by Keeler et al. (2018) an increase in property values due to adaptation can lead to increased 
investment in additional adaptation, resulting in a cycle that may not be optimal. This feedback loop should be 
considered by policy makers, and endogeneity issues should be considered by researchers.  
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whereas private goods are purchased by the owner. In both cases, the benefits will be capitalized 
into the value of the house, but how the costs are shared may lead to different impacts on the 
value. We will note in the studies what type of good the adaptation is considered to be and how 
the adaptation is funded, if stated.  
 
It is also possible that the adaptations create externalities, either positive or negative. 
Externalities are impacts felt by those outside of the market, and the costs and benefits felt by 
others should be considered when studying the total impact of the adaptation.  
 
Finally, the role of insurance is complicated in this situation. The availability of insurance may 
allow buyers to take on risks that they otherwise would not assume. It may cause the “price” of 
the characteristic to be misspecified. Yet insurance is mentioned as a possible adaptation 
approach, and is available for a variety of relevant risks, so we pay particular note of the impact 
of insurance in the studies reviewed.  
 
This literature review is intended to help inform policy makers who are considering a variety of 
possible climate change adaptations in their area. Understanding the impact of their decisions on 
local property values can help them assess whether the change is seen as beneficial to local 
property owners, as well as others in the area. It will also help them to know if the funding 
mechanism itself might have a differential impact; for example, if raising local taxes or obtaining 
state or federal funding impacts property values differently. If the adaptation is something that is 
paid for by the property owners themselves, such as storm shutters, knowing the impact on house 
prices can help inform the decision about whether to require such adaptations. It is also important 
to assess who is affected by these changes, and whether these are individuals who can afford 
insurance and adaptation measures, or if they will need financial assistance in order to minimize 
damages from climate change. 
 
 

Methodology 
 
In conducting this literature survey, all available studies on the impact of adaptation strategies on 
property values were considered, both in the United States and in other countries. This includes 
economics studies, as well as those found in the planning and public policy literature.  
 
In order to identify relevant papers, we scanned multiple data bases including EconLit, JStor, and 
ScienceDirect. General key words for the searches included property value, hedonic pricing 
model, environmental economics, climate change, risk, and adaptation. Specific key words 
included coastal management, flooding, building codes, wetlands, and green infrastructure. Once 
papers had been identified as relevant to the question being asked, we then used Google Scholar 
and other resources to see what papers had cited the previously identified paper, in order to 
identify whether advances had been made in estimation strategy or data quality. We also looked 
to see if the results were consistent across papers. In each area we attempted to identify the 
paper, or papers, that provided the most reliable answers, and will present their findings below. 
See table 1 for a summary of each paper’s results. 
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Statistical Techniques 
 
Hedonic Model 
 
One way to measure some of the benefits from adaptation is to look at the impact it has on local 
property values, which measure benefits to local property owners, as benefits are capitalized into 
the value of the house. It is standard to focus on residential properties, as business properties may 
be impacted by other considerations.  
 
A house is a bundle of many goods: the number of bedrooms, bathrooms, the quality of local 
public services, the tidiness of a neighbor’s yard, and the quality of the local environment. If 
transactions in the housing market reflect the interaction of informed buyers and sellers, then the 
price that the house sells for is the sum of the prices the buyer is willing to pay for each 
individual characteristic of the house. If individuals consider the climate adaptation measures as 
a component of the house they purchase, then information on the house and its sales price allows 
researchers to tease out the price that individuals would be willing to pay for the adaptation, and 
would indicate if the adaptation is thought to be a valuable addition to the house. This approach 
relies on the use of the hedonic price model, which is frequently used to find the price of 
different components that make up the “house” that is purchased. 
 
The use of the hedonic technique, which examines the impact of changes in housing and 
neighborhood characteristics on property sales prices, is common in the literature (e.g., Boyle 
and Kiel 2001). This approach assumes that housing markets move quickly to equilibrium, that 
people have full information when buying a house, and that there is no discrimination in the 
housing market (Kiel 2006). If those assumptions hold, then using market data on sales prices 
and all available characteristics, researchers can use regression analysis to determine the price 
that buyers are willing to pay for each characteristic. This can then serve as a measure of the 
benefits that homeowners expect to receive from each characteristic. 
 
The hedonic model is standard in this literature, as it is able to estimate the benefits of goods that 
are not sold in markets such as local public goods and environmental goods. It is a revealed 
preference approach, so various types of biases from surveys will not be an issue. Because 
residential housing is such a large market, data on prices and housing characteristics are often 
easily accessible. With the development of Geographic Information Systems (GIS), researchers 
can add data on nearby factors that might impact house prices such as parks or rivers. The model 
is also adaptable to a variety of econometric techniques, which allow researchers to estimate the 
coefficients in the hedonic regression in many situations.  
 
The hedonic approach will capture the perceived benefits (through the willingness to pay) from 
characteristics from the buyers’ perspective. Of course, this will likely not be all of the benefits 
since it is possible that local businesses and employers receive benefits, and it is also possible 
that people in other areas are also receiving benefits or are experiencing costs (spillover effects). 
The estimated benefits come from buyers’ beliefs about the effectiveness of the adaptations, as 
well as their assessment of the risk, which may or may not be correct.  
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Theory 
 
In order to estimate how much individuals are willing to pay for a non-marketed good2 such as a 
beautiful view, there are two categories of approaches. Economists generally prefer to use what 
are called revealed preference models, where the actions of individuals are observed in the 
market, rather than reported in a survey situation—what is called a stated preference, although 
both approaches are used by economists.  
 
Hedonics is a revealed preference approach that uses property values to measure the price people 
are willing to pay for components of the house such as property characteristics that minimize the 
impact of climate change. The concept is based on the idea from Griliches (1971) and Rosen 
(1974) that many characteristics affecting quality of life are considered when buying a house, 
and that consumers’ preferences regarding the characteristics will be represented in the price that 
they are willing to pay for the house. Such characteristics include the number of bedrooms, local 
school quality, air quality, and other characteristics of the house. For example, a consumer may 
be willing to pay a higher price for a house that has a feature that makes the house more resilient 
to climate change than for an otherwise identical house that is not perceived as being equally 
resilient. Hedonic regressions can be used to measure the consumer’s willingness to pay for 
given changes in an adaptation characteristic, holding all other characteristics of the house 
constant.  
  
Following Rosen (1974) (see Freeman [2003] for an excellent discussion), the model is based on 
individuals who maximize their utility when deciding how much to pay for a house, and sellers 
who maximize profits when they sell the house. In the market buyers and sellers meet, and when 
houses are bought and sold, the resulting sales price comes from an intersection of the bid 
(buyer’s) and offer (seller’s) functions. Thus, the hedonic function depends on the interaction 
between the supply and demand sides of the market.  
 
Underlying the hedonic model are several important assumptions. First, the prices observed must 
be the result of buyers maximizing utility and sellers maximizing profits so that the housing 
market is in equilibrium. Although it is highly unlikely that this assumption holds in the housing 
market, if the prices adjust relatively quickly the estimated coefficients should still reveal buyers’ 
and sellers’ preferences (Freeman 2003).  
 
The second assumption is that all the characteristics of the house need to be known by the buyer 
so that the prices of the characteristics are summed into the sales price of the house. If the buyer 
is unaware of a characteristic, then the price paid may not reflect the “true” value of the house. In 
the case of some characteristics, such as the number of bedrooms, it is reasonable to believe that 
both the buyer and the seller have the same information. In the case of adaptation tools, it is 
possible that the buyer does not know of the existence of the adaptation so the coefficient 
estimated may be incorrect. Again, the extent of the buyer’s information depends on the type of 
adaptation, and will be important to assess in the papers examined here.  
 

 

2 A non-marketed good is one that is not bought or sold directly in a marketplace. For example, one cannot purchase 
a view, but one can buy a house that has a good view.  
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In the case where there is uncertainty, such as climate change, the model for buyers becomes a 
model of expected utility maximization. Because risk is subjective, not all owners will have the 
same beliefs about the risk that the property will be subjected to with climate change. However, 
beliefs will be capitalized into house prices. Changes in information about risk will be 
incorporated into the valuation, so controlling for those changes will be important in estimating 
the hedonic regression.3  
 
The third assumption is there cannot be any discrimination in the housing market; if there is then 
the characteristics of the buyer, not just of the house itself, would affect the sales price of the 
house. Since there is evidence of discrimination in housing markets, (e.g., Kiel and Zabel 1996) 
it is likely that this assumption fails. In addition, the inability of any group to purchase a house 
for other than economic reasons divides the housing market into separate groups, which violates 
the next assumption.  
  
The fourth assumption is that the housing market being examined must be a single market, not a 
segmented market. This is because the equilibrium condition requires a single market if only a 
single equation is being estimated (Taylor 2003). Researchers can test for market segmentation 
econometrically (see Taylor and Smith [2000] for an example), and can control for market area 
by including indicator variables or by limiting their study area.  
 
It is unlikely that these four assumptions will all be met, but it is important to consider which 
ones are most relevant in the hedonic regression being estimated. Regardless, this approach is 
currently the most used in the literature, and the coefficients being estimated, although possibly 
biased, will still be helpful to policy makers and researchers.  
 
A typical hedonic regression is: 
 
Pi = β0 + β1Hi + β2Ni + β3Adapti + εi 
 
where Pi is the sales price of the ith house, Hi contains information on the characteristics of the 
house (such as number of bedrooms), Ni contains information on the neighborhood in which the 
house is located (such as quality of the local school), Adapti contains information on whether the 
house is subject to the adaptation being considered, and εi is the unobservable stochastic random 
error. The βs, thus, are the marginal impact of a unit change in the characteristics on the price of 
the house; they are the marginal prices of the included characteristics that are determined in the 
housing market. If they are positive, then it indicates that the characteristic adds to the value of 
the house, if negative then it detracts.  
  
In order to estimate a hedonic regression, the researcher needs to obtain data on the price of the 
house, as well as all the relevant characteristics that affect the price. These data can be used to 
estimate the equation above using Ordinary Least Squares (OLS). Once the coefficients have 
been estimated, the researcher can then use them to calculate the marginal prices of the 
characteristics.  

 

3 Kiel and Matheson (2018) use a differences-in-differences model to show that a large forest fire changes risk 
perceptions, and thus house prices, in areas that were not directly impacted by the fire itself.  
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The functional form of the hedonic regression is an important consideration. If a linear function 
is used, then this implies that consumers can easily unbundle the house’s characteristics (Rosen 
1974). In the more likely case that characteristics cannot be easily exchanged, then a non-linear 
functional form is called for; in this case the estimated price of the characteristic depends on the 
quantities of the characteristics.  
 
Repeat Sales Model 
 
Clearly, many of the characteristics of the houses are likely to be statistically correlated. It is 
reasonable to expect that larger sized homes have more rooms, and that older houses are more 
likely to be in more densely populated areas with smaller lot sizes. One way to minimize the 
correlations between included variables is to model the changes in the characteristics rather than 
the levels. In the hedonic framework, this approach is called the repeat sales technique. The 
underlying assumption is that the hedonic model does not change over time. Thus, if a house 
sells twice, then the difference between the hedonic equations from two different time periods 
yields an equation where only those characteristics that change over time are included, as the 
other characteristics drop out. This adds to the benefits of this approach: the researcher needs 
data only on those characteristics that do change, and unobserved characteristics that do not 
change over time drop out as well. In a standard hedonic model, those unobserved characteristics 
could bias the estimated coefficients, but that is not an issue in the repeat sales model. 
  
Data Requirements for the Hedonic Regression 
  
The hedonic regression can be estimated using cross-sectional data or a panel data set, depending 
on the model being used by the researcher and the data available. The dependent variable is the 
value of the house. The most commonly used measure is a recent sales price, as this is reached 
by an agreement between a buyer and a seller. Usually, it is measured without error when the 
deed is registered. Other studies (i.e., Steinnes 1992) have used assessors’ data although one 
must be careful about how recently the assessment was performed. Census data (including the 
American Housing Survey) can also be used (i.e., Harrison and Rubinfeld 1978) but the house’s 
value is given by the owner in answer to the question “what price would the house sell for if it 
were on the market today?” There can be errors in the values given, however Kiel and Zabel 
(1999) have shown that although the average owner overvalues their house by 5 percent, the 
errors are generally random and should not affect the estimation process. An advantage of these 
data is that the characteristics of the house are given by the owner, and thus are likely to be 
current. 
 
The independent variables are meant to capture all the relevant characteristics of the house and 
its neighborhood that will impact the value. Thus, deciding which to include will depend on the 
data available and on the tradeoff between parsimony and completeness.  
 
In the case of transaction data, the characteristics of the house can be those included in the 
realtor’s listing, or those included in the local assessor’s data base. The researcher must be 
careful that the characteristics are those from the time of the sale; this is more likely with 
realtor’s data than with assessor’s data. If the latter are employed, then it is helpful to identify 
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recent changes to the property by examining data on permits filed by the owners. If a cross-
sectional model is being used, then it is important to include as many characteristics as possible. 
If a repeat-sales model is being estimated, then those characteristics that do not change over time 
can be excluded. However, identifying those characteristics that have changed between the two 
sales dates is crucial if the estimates obtained are to be accurate.  
 
Similar issues arise in choosing the neighborhood variables to be included. As realtors like to 
say, the three things that affect the price of a house are “location, location, and location.” Thus, it 
is crucial that the relevant characteristics be included in the estimated regression. Typical 
measures include: local school quality, local crime rates, distance to the nearest highway, etc. If 
the researcher is examining houses in a single town, then town-level variables can be ignored. 
However, if several towns are included in the data set, then variables such as quality of local 
school districts must be included.  
 
Differences-in-Differences Model 
 
The differences-in-differences model is an attempt to replicate an experiment, where people are 
randomly assigned into a group that receives a treatment or a group that does not receive a 
treatment. Since the data that are observed are not randomly assigned, the method makes use of 
an exogenous event and looks at the two groups before and after the event. The event then leads 
to a control group that is not impacted by the event, and a treatment group that may be impacted. 
Since the two groups are not randomly chosen in a natural experiment, systematic differences in 
the groups need to be controlled for. By using data from before and after the event, we can 
consider four different groups: the control group before and after the event, and the treatment 
group before and after the event.  
 
A regression can then be estimated of the form: 
 
LnPricei = β0 + δ1Treatment + δ2Event + δ3 (Treatment*After) + ε1 

 
where Treatment is a dummy variable that indicates if the house is in the treatment group, and 
After is a dummy variable that indicates if the house is sold after the event. Then the estimate of 
the impact of the event on house prices is the difference of the difference in the average prices 
between the two groups before and after the event. Table 2 illustrates the setup (based on 
Wooldridge [2016, 411]). Thus, δ3 is sometimes called the average treatment effect.  
 
Table 2: Coefficients from Differences-in-Differences Regression 
 

 Before Event After Event After –Before 
(difference) 

Control Group β0 β0 + δ2 δ2 
Treatment Group β0 + δ1 β0 + δ1 + δ2 + δ3 δ2 + δ3 
Control – Treatment 
(difference) δ1 δ1 + δ3 δ3 
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One advantage of this approach is that the two groups do not need to be identical prior to the 
event. It is important to verify that the two groups trend in the same way prior to the event in 
order to be confident that potential selection bias is minimized. If the trends are not similar, then 
researchers can use matching techniques to achieve an accurate result.  
 
 

Adaptation Approaches 
 
Ecosystem Management 
 
Beach Nourishment 
 
Beach nourishment is a procedure that replaces the sand on beaches that has been lost due to 
erosion. The process makes the beach wider, and helps protect structures and ecosystems from 
damage due to climate change. Although it will also make the beach more useable by increasing 
its width (which should increase values of beachfront properties (Landry et al. [2003])), the 
process tends to be a short-run solution, and may increase erosion at nearby beaches by changing 
wave patterns. Thus, it is expected that areas that have undergone beach nourishment will see an 
increase in local property values, but nearby areas may see a decrease if they are negatively 
affected. This is assuming that nourishment is undertaken without any additional armoring, 
which can negatively impact the aesthetic of the beach.  
 
Beach nourishment is often financed by state or federal government since it has characteristics of 
public goods in that many people benefit from it, without minimizing benefits of others. But it 
also has characteristics of a private good in that individuals who own beachfront property benefit 
more than those who are further away from the beach. It is possible that the method of financing 
can impact property values, so it is important to consider that aspect.  
 
The issues of endogeneity and selection also play a part in any analysis of this adaptation. 
Nourishment increases beach width, which increases property values as mentioned above, so if 
this leads to increased nourishment to protect more valuable properties on the beach, then the 
endogeneity needs to be accounted for with the appropriate econometric approach. In their paper, 
Gopalakrishnan et al. (2011) use the Instrumental Variables approach4 and find that beach width 
has a larger impact than when estimated using OLS, suggesting that endogeneity is a factor in 
studying this adaptation. Selection bias occurs when areas that face greater risks from climate 
change are more likely to undertake adaptation measures. Again, this would need to be 
controlled for with the appropriate econometric technique.  
 
In a paper that addressed many of these issues, Qui and Gopalakrishnan (2018) focus on the 
impact of beach nourishment without any additional infrastructure. They use a data set of 1,359 
residential sales between 2008 and 2014 in Dare County, North Carolina, focusing on three 

 

4 Instrumental Variables (IV) is used because if property values are impacted by beach width, and if nourishment 
depends on the benefits that come with increased width, then beach width is endogenous to the hedonic regression. 
IV uses a variable that is correlated with the endogenous variable (beach width in this case) and is not correlated 
with the error term, to correct for this issue (see Wooldridge [2016] for a discussion of this approach).  
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towns that implemented beach nourishment at different times. They argue that these towns are all 
part of one housing market, meeting one of the assumptions for the hedonic model. Using the 
differences-in-differences model discussed above, they consider towns that did not use 
nourishment during the time period as the control group, and towns that did as the treatment 
group. This then controls for selection bias as all are potentially impacted by climate change, but 
only some undertake nourishment. Their regression also controls for structural attributes of the 
house including whether it is beachfront,5 spatial fixed effects, year fixed effects, and seasonal 
trends by quarter. They also control for sales that took place after the local tax increase that was 
required to pay for the nourishment projects, which is important. Their second regression 
includes an indicator of whether the sale took place after Hurricane Sandy (which came ashore in 
2012) in order to test whether the storm provided additional information about the risk reduction 
from nourishment. Their third regression allows for different impacts of nourishment and risk 
information on ocean-front homes, versus those located further inland (a triple difference model).  
 
Their results find that the nourishment projects increased the value of oceanfront homes by 11.7 
to 16.5 percent, relative to towns that did not undertake such projects, and these results are robust 
to changes in specification. Beachfront properties receive more benefits than non-beachfront 
properties, which suggests that differential local taxes might be a good funding method.  
 
Blackwell et al. (2010) examine the impact of beach nourishment without any additional 
structures on two barrier islands located in South Carolina. They use a repeat sales model 
developed by using sales prices from 1986 to 2005 for houses on the beachfront and first row 
behind it that sold twice during the period. One of the islands has higher erosion due to jetties up 
current than the other, and so has been nourished several times over the period. The project was 
funded through the U.S. Army Corps of Engineers. As discussed earlier, the repeat sales model 
minimizes omitted variable bias because the dependent variable is the change in house prices. 
Thus, when differencing the underlying hedonic equation, all housing and neighborhood 
characteristics that are the same over time drop out of the equation. However, if houses have 
changed in ways that are not observed between sales, or if houses that sell more than once are 
not a representative sample of all sales, then the required assumptions are not appropriate. 
Blackwell et al. (2010) find that appreciation rates on the two islands are statistically similar, 
which suggested that repeated nourishment can maintain property values lost due to erosion. 
 
These two studies, conducted with a different econometric model, yield similar results. However, 
both studies are conducted in the same geographic area in the United States. In addition, neither 
study considers the impact of beach nourishment when combined with other adaptation 
strategies, such as seawalls. We will return to this topic later in this paper.  
 
Green Infrastructure 
 
Green infrastructure has several different meanings, but for purposes of this review we are 
focusing on increasing tree cover and green space as a way to make areas more resilient in the 

 

5 This should help minimize potential selection issues, if beachfront homes experience different benefits from the 
treatment.  
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face of climate change.6 It does this by increasing absorption of water during wet events, and by 
providing shade which lowers temperatures. See EPA (2016) for a good discussion of the 
scientific benefits of these strategies, and see Grafakos et al. (2019) for an excellent review of the 
literature in this area. Such adaptations will create positive amenities for an area by increasing 
the opportunities for recreation and by making the area more attractive, in addition to reducing 
the risk of flooding and the impact of hotter temperatures. Green infrastructure is a public good, 
although more benefits may accrue to those closer to the infrastructure. In this section we will 
focus on studies that look at flood mitigation, while we will consider those that focus on creating 
shade in a later section.  
 
Kousky and Walls (2014) consider the costs and benefits of protecting lands in a floodplain as a 
way to reduce flood damage. Their study area is southern St. Louis County, Missouri, an area 
that has had extensive flooding over a long time period, and a greenway was created as part of a 
flood mitigation strategy. The land was acquired by state and local governments and retained as 
undeveloped open space. Kousky and Walls’ data set is 27,748 residential sales that took place 
between 2008 and 2012 in an area no more than five miles away from the Meramec Greenway. 
In their hedonic regression, the estimated coefficient on distance from a park suggests that for 
every 1,000 feet closer to a park, the price of the house increases by almost 1 percent. This 
includes parks other than the Greenway, but confirms that protected areas can be viewed as a 
beneficial adaptation.  
 
The authors mention that the greenway offers more than flood mitigation, as it also provides 
recreational and aesthetic value. As they do not attempt to separate the two areas of benefits, the 
estimated coefficient is likely an over-estimate of the benefits from reduced flood risk. 
 
Madison (2013) studies the impact of green infrastructure on residential values in Milwaukee. 
Her study considers a project at Lincoln Creek, funded by the state of Wisconsin and the city of 
Milwaukee, which focused on improved storm water management. She uses assessed values 
rather than sales prices, and estimates a hedonic regression on a panel data set from 1998 through 
2012, where the relevant infrastructure includes creek restoration and channel widening. The 
control group is similar properties not near the project but located in Milwaukee. Her residential 
equation indicates that the assessed values of homes near the project increased by 20.4 percent, 
but that includes all benefits, not just those from the climate change adaptation.  
 
In their paper, Grafakos et al. (2019) examine the impact of green infrastructure on property 
values in Santiago de Cali, Colombia. This city has multiple streams and rivers that cross it, and 
flooding is often an issue; this may be exacerbated by the gray infrastructure7 that is in place. 
They estimate a hedonic regression that has land values as the dependent variable, not house 
sales prices as is typically used. The land value is measured as a range (minimum to maximum) 

 

6 Other types of green infrastructure can include coral reefs, seagrasses, and mangroves.  
7 Gray infrastructure refers to the traditional water management system that collects runoff from roadways, rooftops, 
parking lots, etc.  
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for a defined polygon in the city (separate from the building value),8 so the authors use the 
average land parcel value in each area. The regression controls for green infrastructure such as 
the number of trees, open green spaces (including public parks), vegetation coverage, and 
exposure to fluvial flooding, as well as distance to the central business district, public road 
qualities, life satisfaction index, safety, and noise levels.  
 
Their results suggest that trees and vegetation coverage increase land values, all else held 
constant. Exposure to flooding increases land value in one regression, but decreases it when a 
variable controlling for whether the polygon touches a water body is added. The authors suggest 
that this may “help differentiate between the benefits of a property that is close to a river and 
provides a pleasant view without being exposed to flooding, and one with exposure to flooding 
but no benefit of a pleasant view” (page 47). They find that the green infrastructure attributes 
increase land values by 5.4 percent, and by 1.4 percent due to the reduction in flood risk.  
 
This study is important as it illustrates how a hedonic model can be developed in a situation 
where there are no house sales data to be relied on. By focusing on land value, the authors can 
ignore housing characteristics, and focus instead on neighborhood characteristics. However, 
since land value was specified as a range, it makes it difficult to compare their results with other 
studies.  
 
It would be helpful to have additional studies done in areas outside of the United States where 
the data are based on actual sales rather than assessed land values. However, if such data are not 
easily obtained, or are believed to be unreliable, conducting studies in areas other than Colombia 
could verify Grafakos et al.’s results and help us better understand the impact on local property 
values.  
 
Tree Cover 
 
With the increase in temperatures due to climate change, many locations are experiencing 
negative impacts from heat. One way to mitigate that is to increase tree cover. Tree cover can 
also reduce erosion in areas with rivers, lakes, and ocean. Of course, increased tree cover can 
increase risks from fires in some areas (e.g., Western mountain region), and can increase damage 
due to winds in areas that experience storms with high winds. It can also improve air quality, 
provide habitat, and beautify an area. Thus, there are both private benefits and costs, as well as 
public benefits and costs from tree cover.  
 
There are quite a few papers that look at the impact of tree cover on property value, although 
they do not look at the benefits from climate adaptation specifically. In their paper, Siriwardena 
et al. (2016) conduct a meta-analysis of studies that consider the impact of tree cover on property 
values in general. This paper provides an excellent literature review of this topic. They 
considered 15 different studies, which yielded a total of 106 implicit price estimates. In a 
regression where the dependent variable indicated if the estimated implicit price was positive, the 

 

8 The methodology to calculate the range of land values is discussed in Appendix B of their paper; the values come 
from a group of appraisers who make use of previous transactions data. The authors state that the values “represent 
the market land values reflecting actual “on the ground” transactions (not official estimated ones)” (page 25).  
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independent variables included whether the tree cover measure was on the property or near the 
property, as well as variables that indicate if the tree cover might be seen as an amenity or a 
disamenity, location of the study, population density, and median income and house price in the 
area. Their results suggest that homeowners prefer more tree cover in their neighborhood than on 
their own property, and that the impact on property value is different in different areas. Prices are 
higher in the eastern U.S. than in the mountain west, perhaps “due to a higher risk of forest fires 
in the mountain west” or “a preference for privacy in the east” (page 73). 
 
To highlight a few papers not included in Siriwardena et al.’s review, we look first at Saphores 
and Li (2012), which uses a large residential property sales data set for Los Angeles in 2003–
2004. They add data obtained through remote sensing on land cover including tree canopy, 
irrigated and non-irrigated grass, and impervious surfaces, measured both on the property and on 
a donut of 200-meter radius around the property.  
  
Regressions including structural and neighborhood characteristics are estimated using two 
different spatial approaches. Their results suggest that increasing tree cover on the property has 
only a small (positive) impact on sales prices, while increasing the canopy in the neighborhood 
has a larger (positive) impact.  
 
Escobedo et al. (2015) looks at four cities in Florida from 2006 to 2009, and uses assessors’ data 
rather than sales data. They also include field measurements of tree, shrub, and turf coverage, 
arguing that remote sensing does not capture what the typical buyer considers when pricing a 
home. Their results from a standard hedonic regression indicate that buyers value coverage with 
greater Leaf Area Indices over biomass and shrub cover. Each tree increases property values by 
$1,586 and a one-unit increase in Leaf Area Indices increases values by $9,348. Again, this 
increase is due to all the benefits of increased tree cover, not just the climate change adaptation 
aspect.  
 
There have been studies conducted outside of the U.S. such as Belcher and Chisholm (2018), 
which looks at the public housing market in Singapore. In a regression with spatial controls, they 
include structural and neighborhood controls, as well as variables that measure the percent of 
each of three vegetation types within a 1600-meter radius around each property. Their results 
suggest that in Singapore, managed vegetation (including parks and plants found throughout the 
public housing property) is the most valued by property buyers, while high conservation value 
vegetation (private forest, freshwater swamp forest, etc.) decreased property values. This 
suggests that the negative impacts of forests such as dangerous wildlife can outweigh any 
positive effects.  
 
Thus, there are a wide variety of studies that examine the impact of tree cover on property 
values. However, none of them separate out the different benefits from tree cover, so it is unclear 
what the impact, if any, is of the decreased erosion and reduced temperatures.  
  
Wetlands 
 
Wetlands can act as a buffer in case of storm surge or flooding, can reduce impact of flooding 
and storms on property, and can aid in shoreline anchoring, which in turn can reduce erosion 
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(U.S. Fish and Wildlife Service 1984).9 Thus, both maintaining current wetlands or creating new 
wetlands can be helpful in mitigating the impacts of climate change. However, wetlands can also 
be viewed as eyesores, or as a hindrance to local development due to restrictions on building 
near them. Also, if your house is located near a wetland, the building restriction on that property 
may make your own property more valuable. Thus, the overall impact on local property values is 
an empirical question, since it is unclear whether wetlands would generate positive or negative 
impacts on those located close to them, as well as those with wetlands on their properties.  
 
Manhan, Polasky, and Adams (2000) study how wetlands can impact local property values. If the 
protection value from wetlands is valued by residents, it can increase property values for 
impacted houses. Of course, as mentioned above, there are other positive and negative 
externalities from wetlands, so teasing out the impact from reduced flooding is difficult, and their 
paper does not focus on that.  
 
Looking at 14,233 residential sales in Multnomah County (Portland, Oregon) from June 1992 to 
May 1994, the authors estimate a hedonic regression. They include standard housing and 
neighborhood characteristics, and also include the size of and distance to the nearest wetland, as 
well as dummy variables for several different types of wetlands. The latter are included to allow 
for different positive and negative effects of wetlands on neighboring properties. They also 
include distance to the nearest stream, river, lake, and public park.  
 
In a regression that focuses on the size of and distance to the nearest wetlands, and dummy 
variables for the type of the nearest wetland, they find that increasing the size of the nearest 
wetland by one acre increases value by $24.39, while reducing the distance by 1,000 feet 
increases value by $436.17, controlling for type of wetlands. In a second regression that focuses 
on the size of the nearest wetlands and distance to each type of wetlands, they report that open 
water linear and areal, emergent vegetation linear, and scrub-shrub areal have statistically 
significant impact on local prices with open water areal increasing prices, and the others 
decreasing prices. Open water wetlands are “the most visually open and provide high quality 
habitat for waterfowl,” while emergent vegetation wetlands include “marshes, meadows, fens 
and sloughs,” and scrub-shrub wetlands are “dominated by woody vegetation less than 20-feet 
tall” (page 103).  
 
These studies focus on distance between the property and the wetland, thereby obscuring the 
potential differences between having wetlands on your property (which decreases development 
possibilities) and having wetlands near your property (which could decrease your flood risk). 
This potential impact is difficult to test empirically since it is unlikely that properties have 
wetlands randomly assigned to them, and that endogeneity would need to be controlled for in any 
regression.  
 
The studies examined here look at wetlands away from coastal areas; we have not identified any 
that look at coastal wetlands. The studies are conducted on areas in the U.S. so it is unclear if the 
impacts in other countries would be similar. Finally, no study has been able to separate the 

 

9 Mangroves can provide a similar barrier. 
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impact of reduced risk from flooding from the other positive and negative effects of locating near 
wetlands.  
 
Structural/Physical Adaptations 
 
Coastal Protection 
 
There are a variety of physical structures that can be used to decrease the impact of waves and 
storms on coastal erosion. These include bulkheads and groin fields.10 These structures can 
protect the properties behind them, and may allow for docks. However, they can lead to greater 
erosion in properties that are near them but are not directly protected by them. The structures 
may also not be visually pleasing, or may block the view of the water. Thus, their overall impact 
on property values is not clear. Walsh et al. (2019) provide an excellent literature review of this 
topic. 
 
Walsh et al. (2019) consider the impact of structures on property values in the Chesapeake Bay 
area. Using data from 2,841 waterfront property sales from 2003 to 2008, they evaluate the effect 
of bulkheads, riprap, and groin fields.11 Using the hedonic approach, their regression controls for 
the presence of these structures, along with characteristics of the house, the neighborhood, 
whether the house is in the 0–2 foot, 2–5 foot sea level rise zone,12 and whether the property is in 
a flood zone. They also run a second regression which controls for whether the adjacent houses 
have any of these structures, a way to look for spillover effects. Both specifications also control 
for time and spatial fixed effects.  
 
In the model that does not interact the sea level rise variables with the structure variables, they 
find that being in the 0–2 foot or 2–5 foot zones does not impact prices, which is somewhat 
surprising. In the interaction model, their results indicate that bulkheads and ripraps increase 
property values, but that groin fields do not. This suggests that the negative aspects of groin 
fields, such as decreasing the ability to have a dock, outweigh any positive aspects from 
protection. For properties located in the 0–2 foot sea-level rise zone, both bulkheads and ripraps 
increase property values (the coefficients are statistically significant), while the impact, although 
still positive, is smaller in the 2–5 foot sea-level rise zone. This suggests that owners are aware 
of the different levels of risk from flooding in the different areas, since the 0–2 foot zone is in 
more danger of inundation.  
 
In the regression that includes whether neighboring properties have protective structures, the 
results suggest that being close to a structure, even if not on your own property, will increase 
your property value. This is somewhat surprising since it is often believed that these structures 
increase erosion on neighboring properties. However, as the authors point out, it is possible that 

 

10 Bulkheads are retaining walls that are built parallel to the shore, and can support docks. Groins are structures built 
perpendicular to the shore that are meant to capture sediment and hold it in place, although they may lead to 
increased erosion nearby. Groups of groins are called groin fields.  
11 Riprap is stone placed directly on the shore to prevent erosion, sometimes called a rock pile. They can become 
habitat for local species. 
12 Zones denote areas that would be at risk of inundation if sea-level rise is 0–2 feet, or if it is 2–5 feet. Thus, the 
first group is at greater risk.  
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these results are due to omitted variable bias since it is possible that not including information on 
the quality of the house or the neighborhood could bias this coefficient.  
 
This paper covers the impact of shoreline structures on property values in a fairly complete way. 
It can be used as a model of how to approach the question of the impact of a variety of other 
mitigating actions; they use high quality data and appropriate and robust estimation techniques, 
and consider spillover effects on neighboring properties. Whether these results can be 
extrapolated to other locations remains a question. There are also issues of sample selection since 
homes that have structures may not be identical in other ways to those that do not. It is also 
difficult to know how the projects were funded, so it is not clear whether there are cost impacts 
included in the estimates.  
 
Levees and Seawalls 
 
Seawalls are a type of coastal armoring, and are large structures that run parallel to the shoreline 
and are meant to protect the coast from damaging storms, but can increase local erosion. Levees 
are often lower-lying structures meant to protect properties along rivers from flooding. Both can 
block the view to the water so the impact on property values is unclear.  
 
Davlasheridze and Fan (2019) examine the impact of a large seawall on property values, 
studying the effect of the seawall on a barrier island in Galveston, Texas. This 10-mile-long 
seawall blocks the view of shore (it is 17 feet high and 16 feet thick at its base), but gives 
protection to houses behind it. Their data set includes single-family homes sold in the area during 
the 2000 to 2014 period—Hurricane Ike, which made landfall in 2008.  
 
The authors estimate a differences-in-differences model where the treatment is whether the house 
is protected by the seawall or not (within 2,720 feet of the wall) and the event is whether the 
house sold before or after Hurricane Ike. The event is expected to change buyers’ perception of 
risk from storms, which may change their willingness to pay for properties in areas that 
experience different levels of (perceived) risk. The regression results indicate that the seawall 
increased property values after Ike by about 10 percent. They also estimate a triple difference 
model where the second treatment is whether the house is in a high-risk flood zone or not and 
find that seawall protected houses after Ike that are located in high-risk flood zones have a 
premium of 17 percent. Their third model has a third treatment that is whether the house has a 
flood-resistant foundation (concrete, concrete block, or pier/iron) or not. These results suggest 
that these houses have a premium of 22 percent. Their results hold through a variety of 
robustness checks.  
 
The only study of levees on residential properties found was by Beltrán, Maddison, and Elliott 
(2018). They conducted a repeat sales study on residential properties in England over the 1995 to 
2014 time period; their data set has over 12 million transactions. In their regression, they control 
for several different types of flood defense structures including floodwalls, embankments, bridge 
abutments, floodgates, and demountable (temporary) defenses. They also control for whether the 
property is in a floodplain, and prior history of flooding in the area. Since their dependent 
variable is the change in prices between the two sales points, there is a variable that indicates 
whether there was an addition of a flood defense structure between the two sales points, which is 
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also interacted with other variables. Regression results show that the addition of a structure 
increases property values by 16.7 percent for houses in urban areas, and that the benefits are even 
higher in areas that have a recent history of flooding. There is a 0.8 to 5 percent decrease in 
values in rural areas. There does appear to be some negative impact from “physically more 
imposing flood defenses,” especially for houses closer to those structures, indicating that people 
view this as a negative aspect of such a structure.  
 
In the United States, Fell and Kousky (2015) examine the impact of an upgraded levee on 
commercial properties. Chesterfield, Missouri had its 100-year levee fail, and so upgraded to a 
500-year levee after 1993. This was funded by bonds, backed by a tax district in the area 
impacted, along with federal funds. The authors look at commercial property sales in the area 
and use a hedonic regression to test for the impact of the upgrade on sales prices. After 
controlling for nearby land cover, census tract, and year, along with other property 
characteristics, they find that the prices of properties protected by the new levee are not 
statistically different from those that are not in a floodplain. This suggests that buyers believed 
that the levee would protect properties in the future, although it is possible that buyers in this 
area were those who would not be negatively impacted by a flood.  
 
The literature can be expanded by conducting studies of levees on residential properties in the 
U.S. as well as the impact of levees and seawalls in countries outside the U.S. It is possible that 
the impacts will vary by region and by country. It would be important to consider how the 
projects are funded, and whether that would have an impact on prices.  
 
Land Use/Institutional Adaptations 
 
Building Codes 
 
Building codes can require developers in an area to build homes that are more resilient against 
climate change. Because the housing stock changes slowly, any legal change that applies only to 
newly built homes will take time to be felt in a majority of the houses. Codes are a way to 
incentivize/require owners to protect their property, and currently the focus seems to be on 
hurricanes (wind, storm surge) rather than on river flooding. If buyers perceive the code as 
decreasing the risk of damage, then that should be capitalized into house prices. If the 
adaptations lead to a decrease in insurance costs, that would also be capitalized. In addition, any 
increase in construction costs or renovation costs due to stricter building codes will be 
capitalized. The empirical work discussed here assumes that buyers are aware of the codes that 
apply to the house they are purchasing, and can appropriately assess the reduction in risk.  
 
There are a few papers on the impact of building codes requiring property to be more resistant to 
climate change on property values (Dumm, Sirmans, and Smersh [2011, 2012]; Simmons, Kruse, 
and Smith [2002]). In the first paper, which looks at residential sales in an unnamed U.S. Gulf 
coast city over the period 1992 to 1997, the authors consider the impact of stricter building codes 
using a hedonic model. They find that storm blinds (shutters) increase property values by 5 
percent, which is close to the cost of installing them. The authors also create an index of how 
resistant the property is to wind, incorporating mitigation measures such as roof structure, wall 
structure, impact-resistant glass, etc. The estimated coefficient on the index is positive and 
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statistically significant. This paper suggests that the costs and benefits of requiring hardening of 
houses in this way are capitalized into the price of the house.  
 
The other two papers use a similar model but study two different locations. In the first paper, 
Dumm et al. (2011) look at sales in the Miami-Dade area between 2000 and 2007. Using a 
hedonic model, they include a dummy variable to indicate whether the house was built after the 
1994 (stricter) building codes were in place. They also interact that variable with dummy 
variables for hurricanes that occurred during the study period. Their regression also controls for 
how close the house is to the coast, by categories (e.g., within 1,500 feet of coast), along with 
other house and neighborhood characteristics. They report that the stricter code did increase 
property values by 10.4 percent for houses closest to the coast and less for houses not in that 
zone. Surprisingly, the premium becomes negative after the 2004 hurricane season, but that 
reverses after the 2005 season. It appears that new information changes buyers’ willingness to 
pay for more hurricane resistant homes.  
 
The second paper by Dumm et al. (2012) looks at the Jacksonville, Florida area which has lower 
risk of destruction from hurricanes than Miami-Dade. Looking at single-family sales from 2003 
to 2008, and a similar model to their previous paper, they again find that the stricter building 
code did increase property prices by 12.33 percent in an aggregated model. When estimating the 
model by wind zones, they report that the premium is highest in the zone referred to as the 110 
mph zone (17.73 percent), and lowest in the coastal zone (the 120 mph zone) at 4.6 percent, and 
again, the premium is impacted by storms that make landfall in the area. It appears that the 
premium does fall as the risk of damage falls, and that it increases as risk is perceived to 
increase. These two papers make it clear that capitalization occurs in different ways in different 
areas, suggesting that studies need to be conducted in a variety of locations.  
 
The results from these studies indicate that buyers are aware of, and value, stricter building 
codes, especially after devastating storms. There do not appear to be any studies that consider 
possible sample selection in this situation, with areas that are at higher risk being more likely to 
adopt stricter codes. Also, there do not appear to be any studies that look at requiring houses to 
be built well above the flood stage and how that might impact the prices of those homes.  
 
Flood Plain Designation 
 
Shultz and Fridgen (2001) examine the impact of changes in flood plain designation on property 
values. This is relevant because if mitigation projects, such as levees, change the risk from flood 
and therefore change the flood plain designations, knowing if that affects house prices will be 
important in the policy decision making process. They study 3,783 single family homes that sold 
between 1995 and 1998 in the Fargo, North Dakota, and Moorhead, Minnesota area. This area is 
crossed by the Red River. Houses in the 100-year flood plain are required to buy insurance 
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(although it appears many do not)13 so that factor is considered in their analysis. The fact that 
many do not purchase the required insurance puts the assumption that buyers are aware of the 
risk when they purchase the home in question.  
 
In a hedonic regression that includes house characteristics, neighborhood characteristics, and 
environmental characteristics, they include dummy variables for whether the house is on the Red 
River, whether it is in the 100-year flood plain, in the 500-year flood plain, and whether it was 
sold before or after a large flood that occurred in 1997. Being in the 100-year flood plain 
decreases property values by $8,890 (average value in the data set was $100,139), which could 
be due to the insurance requirement, if people do buy the insurance. Location in the 500-year 
flood plain increases property values relative to houses not in any flood plain which may be due 
to buyers being unaware of the location and flood risk. These results suggest that mitigation 
projects can increase property values if the flood plain designation changes. However, as the 
authors mention, if large numbers of houses are changing designation, these impacts may not 
hold.  
 
Hino and Burke (2020) use repeat sales data and the differences-in-differences model to estimate 
the impact of floodplain designation on house prices. Looking at sales data from all fifty U.S. 
states and Washington, DC between 1996 and 2017, they report that being zoned into a 
floodplain decreases property values by 2.1 percent. They find that the impact is larger (4.1 
percent decrease) in states that have stricter disclosure laws, which demonstrates the importance 
role that information plays in the residential market.  
  
Growth Control Boundaries 
 
Forest fires are expected to increase due to climate change. Some of the ways that a community 
can protect itself from fires include being sure that there are clear routes of escape, that houses 
are built of fire-resistant materials, that landscaping minimizes risk, and that houses are not built 
in high risk areas.  
 
However, as urban areas have expanded over time, the Wildlife Urban Interface (WUI) has 
increased, which can lead to more destruction from fires. Growth control boundaries can be used 
to minimize the risk of damage from fire by concentrating housing in the urban area. Mathur 
(2014) does not consider forest fires per se, but does look at the impact of growth control 
boundaries on both land prices and housing prices. He studies King County, Washington over the 
period 2004 to 2006.  
 
The impact of a growth control boundary will likely decrease the supply of land available for 
housing, which should increase the price of land. It may also decrease the supply of housing 
unless density increases. In addition, it may affect the amenities of the area, which would change 

 

13 The authors report that “as of December 1999, only about 400 homeowners in Fargo-Moorhead area had 
purchased flood insurance” (page 596). This appears to be quite typical in this time period. In a survey of 
homeowners in Colorado, 8 percent found out about flood risk to the property prior to making an offer, and 69 
percent said they would have changed their offer if they had known the property was in a floodplain (Chivers and 
Flores 2002). 
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the demand for housing, so the impact on the price of housing is unclear. Using a well-specified 
hedonic regression, Mathur finds that the controls increased the price of vacant land within the 
boundary by 230 percent, although the sample size is small. House prices inside the boundary 
fall by 1.3 percent relative to those outside the boundary. The fall in house prices is likely due to 
the fact that more houses are built on each lot, decreasing the amount of land used by each unit.  
 
It is difficult to estimate empirically the price impact because the urban growth boundaries are 
not an exogenous change in an area. They are usually put in place in areas that are experiencing, 
or are expected to experience, rapid population growth and thus higher prices. Demand for 
houses in such areas is high, so putting constraints on supply can cause prices to increase rapidly, 
unless density is increased.  
 
Multiple Adaptations 
 
As mentioned earlier, some houses are impacted by several different adaptation measures. If this 
is not controlled for, then the estimated coefficients can be biased. In this section we consider 
several papers which do control for multiple different adaptations. 
 
Two of these studies make use of the data set developed by the H. John Heinz III Center for 
Science, Economics and the Environment. As discussed in Kriesel and Friedman (2003), the data 
collection process examined approximately 3 percent of the buildings located within 500 feet of 
the shore, leading to a data set of 11,450 residential properties in 18 counties. Approximately 120 
miles of shoreline (1 percent of the U.S. coastline outside of Alaska and Hawaii) were included 
in their examination, which took place in 1999.  
 
The data set uses owner stated values as the measure of house value. As discussed previously, 
owners typically overvalue their house, but the errors are generally random, and should not 
impact the estimation process (Kiel and Zabel 1999).  
 
Kriesel and Friedman (2002, 2003) used a subset of the data, focusing on properties in nine 
counties located in the Southeast United States, using a total of 1,262 residential properties 
observed in 1999. They want to determine the impact of flooding and erosion control on property 
values, and so use a hedonic regression. The regression they estimate includes a variety of items 
that can reduce the risk from flooding and erosion, along with a variety of property 
characteristics. Measures of the elevation of the property, whether the house was built after the 
Federal Emergency Management Agency (FEMA) mandated strict building codes, and length of 
time until the building’s buffering distance separating it from the water is zero, are meant to 
control for risk, and should not have any additional impact on the property. Other measures, such 
as distance to the water and beach width, reduce risk but also reduce what Kriesel and Friedman 
call the amenity value of the property by making the view less appealing, so the sign of the 
estimated coefficients is unclear. The regression also includes the impact of manmade shore 
stabilizers (shoreline hardening) including riprap, seawalls, and groins, and a variable that 
measures the percent of waterfront properties in a neighborhood that are protected by these types 
of stabilizers. These also have an ambiguous impact, since they should reduce risk but might be 
seen as detrimental to beach amenities, and may impact houses along the beach differently than 
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those that are further away from the beach. Kriesel and Friedman also include a dummy variable 
for beach nourishment.  
 
Their results show that nourishment increased property values of both waterfront and non-
waterfront properties, but in contrast to Qui and Gopalakrishan’s findings, the value of non-
waterfront properties increased by more. This could be due to the area studied, the time period, 
or to the included variables. The variables that control for actions that minimize risk all increase 
property values. For example, building the house to stricter codes increased property values by 
22.6 percent more, ceteris paribus. The variable that captures manmade stabilization is positive 
and statistically significant as well, controlling for the percent of the community that is 
stabilized. They also find that property values a few rows inland are negatively impacted by the 
protection.  
 
Kriesel and Friedman’s work is extended by Brucal and Lynham (2020) who use a different 
subset of the data set and a different statistical approach. Brucal and Lynham focus on the impact 
of seawalls in two coastal California counties. They begin by replicating Krisiel and Friedman’s 
hedonic regression, and find that the variables that measure the risk of flooding and erosion are 
not statistically significant, which is different from Kriesel and Friedman’s finding, suggesting 
that flood and erosion risk on the Pacific coast might be different from the Atlantic and Gulf 
coasts. The estimated coefficient on manmade protection is positive, but not statistically 
significant, perhaps due to smaller sample size. They also find that the impact of protection on 
houses not on the waterfront is negative, although their estimated coefficient is three times that 
of Kriesel and Friedman.  
 
They then re-estimate their regression with price per unit of land as the dependent variable. This 
approach has been suggested by Parsons (1990) as a way of controlling for the public nature of 
some aspects of housing. They report that the results are not different from the original 
regression. They also test for spatial dependence; if the prices of nearby houses have an impact 
on each other, then that would need to be controlled for in the regression. They find evidence of 
spatial dependence in one county, but not the other, and so re-estimate the regression for the first 
county using a maximum likelihood estimator. Again, the results from the first regression seem 
to be robust to this approach.  
 
Kim (2019) in a PhD dissertation looks at adaptation responses to climate change in Miami-
Dade, Florida, and New York City, New York. Using single family sales from July 2009 through 
May 2018, hedonic regressions are estimated. The independent variables include house and 
neighborhood characteristics, and the adaptation variables are entered in a variety of ways. The 
methods include hard infrastructure such as shoreline armors, green infrastructure such as 
wetlands, and individual adaptation such as raising foundations, with variables created indicating 
whether the home was located within a 400-meter radius of the adaptation. Variables are also 
included for when storms made landfall, and characteristics of each storm such as wind speed.  
 
The results indicate that both hard and green adaptations increase prices in Miami-Dade, and that 
hard infrastructure decreases values in New York. It appears that “adaptation effects are 
dominantly observed in homes sold below the average transaction price in Miami-Dade County, 
whereas the positive effects of adaptation measures are more pronounced in homes valued above 
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the average sales price in New York City” (page 126). The author suggests that this is due to the 
adaptations in New York being near to wealthier homes along the coast and barrier islands, 
whereas Miami’s building codes may have already led adaptations to be capitalized in many 
houses.  
 
This paper serves as a model for how to include multiple indicators, but it also requires a large 
number of observations, since many of the independent variables are likely to be highly 
correlated with each other. It is also notable that the author looked at impacts across the socio-
economic spectrum to allow for possible equity issues.  
 
 

Conclusion 
 
This paper discusses previous studies that have estimated the impact of climate change 
adaptation techniques on residential property values. Understanding how to obtain these 
estimates will assist policy makers when evaluating how best to deal with climate change issues 
in their locality.  
 
There are several impacts from climate change to consider, including sea-level rise, flooding, 
fires, and drought. Damages can be mitigated through a variety of adaptation techniques as 
discussed by these studies. An additional policy choice is retreat—not allowing houses to be 
built in areas that are at risk. This option is not evaluated in the literature, but policy makers 
should be aware of that as a possibility. It would be important to see how that approach, leaving 
land vacant, impacts other houses that remain in the area.  
 
In this review, it appears that there is a good understanding of the impact of beach nourishment 
and various types of coastal armoring on property values, as well as how those two approaches 
together would impact values. It appears that building codes in areas threatened by storms are 
capitalized into values. What is not clear is how options such as increasing or protecting 
wetlands or other types of green infrastructure would affect values along the coast.  
 
In general, it appears that studies examining green infrastructure that minimize damage in non-
coastal areas are unable to separate out the impact of reduced damages from climate change from 
other benefits that occur. Looking at how recreational benefits are separated from reduced 
damages in the coastal models may be enlightening in this situation.  
 
There do not appear to be studies that consider adaptations in the case of increased fires due to 
climate change, with the exception of growth control boundaries. The growth control studies do 
not focus on areas where there would be a reduction in risk from fires due to the controls, but 
instead look at areas where development is seen as a problem. Studies that look at the design of 
housing developments to mitigate fire risk and at building codes in these areas would be 
beneficial. The literature is also lacking on adaptation to droughts, either through large public 
projects or actions by individual homeowners.  
 
The most revealing study is that by Kim (2019) that considers at all the adaptations to climate 
change in two different urban areas. This work illustrates how to include multiple factors, 
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allowing policy makers to see which impact prices in their area. It also demonstrates how to 
consider the impacts on different categories of houses, focusing on different value ranges. Since 
climate change impacts may fall more heavily on certain income groups, understanding how 
adaptation can impact those groups differently will be important.  
 
Most studies reviewed here are conducted using the hedonic model, the standard in the literature. 
The model assumes that buyers are aware of all of the characteristics of the house they are 
purchasing. This assumption seems more likely in the way of some adaptations, such as seawalls, 
and less likely with others such as building codes. It is important to determine buyers’ awareness 
of the adaptations, even if disclosure is required. Risk perceptions can also differ among buyers, 
so understanding how those perceptions can impact the hedonic price estimates is relevant.  
 
The differences-in-differences model is becoming more prevalent, as it allows researchers to 
mimic the experiment framework. Being sure to test for parallel trends prior to events is 
important, although there are other econometric options if that test does fail.  
 
Studies also typically use transactions data, which is preferred over assessors’ data or owner 
stated values. However, in cases where sales data are not available, such as outside of the United 
States, researchers will need to consider other sources. One possibility is survey data, such as 
that developed through a Contingent Valuation Survey (CVS). There are limitations to such data, 
which are subject to multiple types of bias, so studies that have access to both types of data 
might be useful in determining how accurate the CVS data would be in these situations.  
 
There are results in this literature that suggest that the impact of adaptation is very location 
specific, even when considering the same adaptations in the same state. If this is true, then it will 
be important to replicate studies in numerous locations. Typically, this is not done since studies 
of this type are unlikely to be published; encouraging such work will be important.  
 
Most published studies are conducted in the United States, so it is not clear what the impacts of 
adaptation on property values are in other countries. In areas with well-developed real estate 
markets, replicating U.S. studies should be fairly straightforward. However, in areas where the 
market is not developed, researchers will need to be creative in finding appropriate data. 
Grafakos et al. (2019) provide a good illustration of how this might be done.  
 
Finally, equity considerations are not discussed in most of the studies reviewed. As part of the 
policy discussions, these considerations will be important, so extending the current work to 
include mention of what types of homeowners are most likely to be helped or hurt by adaptation 
measures will be important.  
 
 



Page 23 

References 
 
Belcher, R., and R. Chisholm. 2018. “Tropical Vegetation and Residential Property Value: A 
Hedonic Pricing Analysis in Singapore.” Ecological Economics 149: 149–159. 
 
Beltrán, A., D. Maddison, and R. Elliot. 2018. “Assessing the Economic Benefits of Flood 
Defenses: A Repeat Sales Approach.” Risk Analysis 38 (11): 2340–2367. 
 
Blackwell, C., D. Lansbury, S. Sheldon, and D. Vaught. 2010. “Beach Renourishment and 
Property Value Growth: The Case of Folly Beach, South Carolina.” The Review of Regional 
Studies 40 (3): 273–286. 
 
Boyle, M.A., and K.A. Kiel. 2001. “A Survey of House Price Hedonic Studies of The Impact of 
Environmental Externalities.” Journal of Real Estate Literature 9 (2): 117–144.  
 
Brucal, A., and J. Lynham. 2020. “Coastal Armoring and Sinking Property Values: The Case of 
Seawalls in California.” Environmental Economics and Policy Studies 23: 55–7. 
 
Chivers, J., and N. Flores. 2002. “Market Failure in Information: The National Flood Insurance 
Program.” Land Economics 78 (4): 515–521. 
 
Davlasheridze, M., and Fan, Q. 2019. “Valuing Seawall Protection in the Wake of Hurricane 
Ike.” Economics of Disasters and Climate Change 3: 257–279. 
 
Dumm, R., G. Sirmans, and G. Smersh. 2011. “The Capitalization of Building Codes in House 
Prices.” The Journal of Real Estate Finance and Economics 42: 30–50. 
 
Dumm, R., G. Sirmans, and G. Smersh. 2012. “Building Code, Wind Contours, and House 
Prices.” Journal of Real Estate Research 34 (1): 73–98. 
 
Escobedo, F., D. Adams, and N. Timilsina. 2015. “Urban First Structure Effects on Property 
Value.” Ecosystem Services 12: 209–217. 
 
Fell, H., and C. Kousky. 2014. “The Value of Levee Protection to Commercial Properties.” 
Ecological Economics 119: 181–188. 
 
First Street Foundation. 2021. “Highlights from “The Cost of Climate: America’s Growing Flood 
Risk.” February 22, 2021. https://firststreet.org/flood-lab/published-research/highlights-from-the-
cost-of-climate-americas-growing-flood-risk/. 
 
Freeman, A. M. III. 2003. The Measurement of Environmental and Resource Values: Theory and 
Methods Second Edition. Washington, DC: Resources for the Future. 
 
 

https://firststreet.org/flood-lab/published-research/highlights-from-the-cost-of-climate-americas-growing-flood-risk/
https://firststreet.org/flood-lab/published-research/highlights-from-the-cost-of-climate-americas-growing-flood-risk/


Page 24 

Gopalakrishnan, S., M.D. Smith, J.M. Slott, and A.B. Murray. 2011. “The Value of Disappearing 
Beaches: A Hedonic Pricing Model with Endogenous Beach Width.” Journal of Environmental 
Economics and Management 61 (3): 297–310. 
 
Grafakos, Stelios., A. Tsatsou, L. D’Acci, J. Kostaras, A. Valencia, N. Aranda, and B. Summers. 
2019. “Exploring the Use of Land Value Capture Instruments for Green Resilient Infrastructure 
Benefits.” Working paper WP19SG1. Cambridge, MA: Lincoln Institute of Land Policy. 
 
Griliches, Z. 1971. Price Indexes and Quality Change. Cambridge, Massachusetts: Harvard 
University Press. 
 
Harrison, D. Jr., and D. L. Rubinfeld. 1978. “Hedonic Housing Prices and the Demand for Clean 
Air.” Journal of Environmental Economics and Management 5: 81–102. 
 
Hino, M., and M. Burke. 2020. “Does Information About Climate Risk Affect Property Values?” 
NBER Working Paper Series 26807.  
 
IPCC. 2014. “Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change.” Synthesis report. Geneva, Switzerland. https://ar5-
syr.ipcc.ch/index.php. Table 4.2 at https://ar5-syr.ipcc.ch/topic_adaptation.php#table_4_2). 
 
Keeler, A. G., D.E. McNamara, and J.L. Irish. 2018. “Responding to Sea Level Rise: Does 
Short-Term Risk Reduction Inhibit Successful Long-Term Adaptation?” Earth’s Future 6: 618–
621. 
 
Kiel, K.A. 2006. “Environmental Contamination and House Values” in Environmental 
Valuation: Interregional and Intraregional Perspectives, edited by John I. Carruthers and Billy 
Mundy. Ashgate Publishing Ltd.  
 
Kiel, K.A., and V.A. Matheson. 2018. “The Effect of Natural Disasters on Housing Prices: An 
Examination of the Fourmile Canyon Fire.” Journal of Forest Economics 33: 1–7.  
 
Kiel, K.A., and J.E. Zabel. 1996. “House Price Differentials in U.S. Cities: Household and 
Neighborhood Racial Effects.” The Journal of Housing Economics 5:143–165.  
 
Kiel, K.A., and J.E. Zabel. 1999. “The Accuracy of Owner Provided House Values: The 1978-
1991 American Housing Survey.” Real Estate Economics 27 (2): 263–298. 
 
Kim, Seung Kyum. 2019. “Valuing Adaptation: Real Estate Market Responses to Climate 
Change Adaptation Measures.” Doctoral dissertation. Harvard Graduate School of Design. 
 
Kousky, C., and M. Walls. 2014. “Floodplain Conservation as a Flood Mitigation Strategy: 
Examining Costs and Benefits.” Ecological Economics 104: 119–128. 
 
 

https://ar5-syr.ipcc.ch/index.php
https://ar5-syr.ipcc.ch/index.php
https://ar5-syr.ipcc.ch/topic_adaptation.php#table_4_2


Page 25 

Kriesel, W., and R. Friedman. 2002. “Coastal Hazards and Economic Externality: Implications 
for Beach Management Policies in the American Southeast.” The John H. Heinz Center for 
Science, Economics and the Environment. https://research.fit.edu/media/site-
specific/researchfitedu/coast-climate-adaptation-library/united-states/gulf-coast/regional---us-
gulf-coast/Kriesel--Friedman.-2002.-SE-Coastal-Hazards,-Economics--Beach-Manag.pdf.  
 
Kriesel, W., and R. Friedman. 2003. “Coping with Coastal Erosion: Evidence for Community-
Wide Impacts.” Shore & Beach 71 (3): 19–23. 
 
Landry, C.E., A.G. Keeler, and W. Kriesel. 2003. “An Economic Evaluation of Beach Erosion 
Management Alternatives.” Marine Resource Economics 18 (2): 105–127.  
 
Madison, Catherine. 2013. “Impact of Green Infrastructure on Property Values within the 
Milwaukee Metropolitan Sewerage District Planning Area.” Center for Economic Development 
Publications 16. https://dc.uwm.edu/ced_pubs/16.  
 
Mahan, B., S. Polasky, and R. Adams. 2000. “Valuing Urban Wetlands: A Property Price 
Approach.” Land Economics 76 (1): 100–113. 
 
Mathur, Shishir. 2014. “Impact of Urban Growth Boundary on Housing and Land Prices: 
Evidence from King County, Washington.” Housing Studies 29 (10): 128–148. 
 
Parsons, G. 1990. “Hedonic Prices and Public Goods: An Argument for Weighting Locational 
Attributes in Hedonic Regressions by Lot Size.” Journal of Urban Economics 27 (3): 308–321.  
 
Qiu, Y., and S. Gopalakrishnan. 2018. “Shoreline Defense Against Climate Change and 
Capitalized Impact of Beach Nourishment.” Journal of Environmental Economics and 
Management 92: 134–147. 
 
Rosen, S. 1974. “Hedonic Prices and Implicit Markets: Product Differentiation in Perfect 
Competition.” Journal of Political Economy 82 (1): 34–55. 
 
Saphores, J., and W. Li. 2012. “Estimating the Value of Urban Green Areas: A Hedonic Pricing 
Analysis of the Single Family Housing Market in Los Angeles, CA.” Landscape and Urban 
Planning 104 (3-4): 373–387. 
 
Shultz, S., and P. Fridgen. 2001. “Floodplains and Housing Values: Implications for Flood 
Mitigation Projects.” Journal of the American Water Resources Association 37 (3): 595–603. 
 
Simmons, K., J.B. Kruse, and D. Smith. 2002. “Valuing Mitigation: Real Estate Market 
Response to Hurricane Loss Reduction Measures.” Southern Economics Journal 68 (3): 660–
671. 
 
Siriwardena, S., K. Boyle, T. Holmes, and P. E. Wiseman. 2016. “The implicit value of Tree 
Cover in the U.S.: A Meta-Analysis of Hedonic Property Value Studies.” Ecological Economics 
128: 68–76. 

https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/united-states/gulf-coast/regional---us-gulf-coast/Kriesel--Friedman.-2002.-SE-Coastal-Hazards,-Economics--Beach-Manag.pdf
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/united-states/gulf-coast/regional---us-gulf-coast/Kriesel--Friedman.-2002.-SE-Coastal-Hazards,-Economics--Beach-Manag.pdf
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/united-states/gulf-coast/regional---us-gulf-coast/Kriesel--Friedman.-2002.-SE-Coastal-Hazards,-Economics--Beach-Manag.pdf
https://dc.uwm.edu/ced_pubs/16


Page 26 

Steinnes, D.N. 1992. “Measuring the Economic Value of Water Quality.” Annals of Regional 
Science 26: 171–176. 
 
Taylor, L.O. 2003. “The Hedonic Method” in A Primer on Nonmarket Valuation, edited by 
Champ, P.A., K. J. Boyle, and T.C. Brown. The Netherlands: Kluwer Academic Publishers. 
 
Taylor, L.O., and V. K. Smith. 2000. “Environmental Amenities as a Source of Market Power.” 
Land Economics 76 (4): 550–568. 
 
U.S. Environmental Protection Agency. 2016. Green Infrastructure for Climate Resiliency. 
https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency.  
 
Sather, J. Henry, and Smith, R. Daniel. 1984. “An Overview of Major Wetland Functions and 
Values.” U.S. Fish and Wildlife Service. https://pubs.usgs.gov/fwsobs/1984/0018/report.pdf 
 
Walsh, P., C. Griffiths, D. Guignet, and H. Klemick. 2019. “Adaptation, Sea Level Rise, and 
Property Prices in the Chesapeake Bay Watershed.” Land Economics 95 (1): 19–34. 
 
Wooldridge, Jeffrey M. 2016. Introductory Econometrics: A Modern Approach. Sixth Edition. 
Mason, OH: South-Western Cengage Learning. 
 
Worland, Justin. 2021. “The Climate Real Estate Bubble: Is the U.S. on the Verge of Another 
Financial Crisis?” Time Magazine, April 19.  

https://www.epa.gov/green-infrastructure/green-infrastructure-climate-resiliency
https://pubs.usgs.gov/fwsobs/1984/0018/report.pdf


Page 27 

Table 1: Summary of Studies  
 

Study Adaptation Geography Time 
Period 

Methodolog
y 

Estimated 
Impact 

Dependent 
variable 

Notes 

Qui and 
Gopalakrishnan 
(2018) 

Beach 
Nourishment 

Dare 
County, 
NC 

2008–
2014 

Difference-
in-difference 

11.7%–16.5% 
higher for 
ocean front on 
nourished 
beaches 

Ln(sales price)  

Blackwell et al. 
(2010) 

Beach 
Nourishment 

Barrier 
Islands in 
SC  

1986–
2005 

Repeat sales Appreciation 
rates 
statistically 
similar 

Ln(Pricet/Prices

)  
(index) 

 

Kousky and 
Walls (2014) 

Greenway St. Louis 
Co, MO 

2008–
2012 

Hedonic 1% increase 
for 1,000 feet 
closer to park 

Ln(sales price)  

Madison 
(2013) 

Creek 
Restoration 

Milwaukee 1998–
2012 

Hedonic— 
Panel data 
set 

20.4% near 
project 

Ln(Assessed 
value) 

 

Grafakos et al. 
(2019) 

Green 
infrastructure 

Santiago de 
Cali, 
Colombia 

2013 Hedonic 5.4% from 
green 
infrastructure, 
1.4% for flood 
risk reduction 

Land Value  

Mahan, 
Polasky, and 
Adams (2000) 

Wetlands Portland, 
OR 

1992–
1994 

Hedonic $24 increase 
for one acre 
increase, $436 
increase for 
1,000 closer 

Ln(sales price)   

Siriwardena et 
al. (2016) 

Tree cover U.S. 
studies 

2002–
2012 

Meta-
analysis 

 Estimated 
impact positive 

 

Saphores and 
Li (2012) 

Tree cover Los 
Angeles 

2003–
2004 

Hedonic one tree 
increases 
value $204, 
$18 increase 
if within 200 
m 

Ln(sales price)  

Escobedo et al. 
(2015) 

Tree cover Florida 2006–
2009 

Hedonic $1586 
increase per 
tree, $9,348 
increase per 
unit increase 
in LAI 

Assessed value  

Belcher and 
Chisholm 
(2018) 

Tree cover Singapore 2013–
2014 

Hedonic  Sales price  

Walsh et al. 
(2015) 

Bulkheads, 
riprap, groin 
fields 

Chesapeake 
Bay, MD 

2003–
2008 

Hedonic 18% decrease 
if in 0–2 foot 
SRL zone, 
22% increase 

Ln(sales price)  



Page 28 

if in zone with 
bulkhead 

Davlasheridze 
and Fan (2019) 

Seawall Galveston, 
TX 

2000–
2014 

Difference-
in-difference 

10% behind 
seawall, 17% 
if behind 
seawall and in 
high-risk 
flood zone, 
22% if also on 
flood-resistant 
foundation 

Ln(sales price)  

Beltrán, 
Maddison, and 
Elliott (2018) 

Levee England 1995–
2014 

Repeat sales 12.6–16.7% 
increase in 
urban areas, 
0.8–5% 
decrease in 
rural areas 

Ln(Pricet ) – 
Ln(Prices ) 

 

Fell and 
Kousky (2015) 

Levee Chesterfiel
d, MO 

2000–
2012 

Hedonic Prices in area 
protected by 
levee same as 
those not in 
floodplain 

Ln(Sales Price) Comme
rcial 
properti
es 

Simmons, 
Kruse, and 
Smith (2002) 

Building 
codes on 
hardening 

U.S. Gulf 
Coast city 

1992–
1997 

Hedonic 5% increase 
with storm 
blinds, index 
of hardening 
positive and 
stat. sig. 

Ln(Sales price)  

Dumm, 
Sirmans, and 
Smersh (2011) 

Building 
codes 

Miami-
Data, FL 

2000–
2007 

Hedonic 10.4% 
increase in 
coastal zone 
for stricter 
codes 

Ln(Sales price)  

Dumm, 
Sirmans, and 
Smersh (2012) 

Building 
codes 

Jacksonvill
e, FL 

2003–
2008 

Hedonic 12.33% 
increase for 
stricter codes 

Ln(price)  

Shultz and 
Fridgen (2001) 

Flood plain 
designation 

Fargo, ND 
and 
Moorhead, 
MN 

1995–
1998 

Hedonic Decrease 
value by 
$8,890 if in 
100-year 
flood plain 

Sales Price  

Hino and 
Burke (2020) 

Flood plain 
designation 

Entire U.S. 1996–
2017 

Repeat sales 
and diff-in-
diff 

2.1% 
reduction if in 
floodplain 

Ln(Sales price)  

Kriesel and 
Friedman 
(2002, 2003) 

Multiple 
adaptations 

Southeast 
U.S. 

1999 Hedonic Nourishment 
increases 
values, 
stabilization 
helps owner 
but hurts 

Ln(Price stated 
by owner) 
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neighbors 
Brucal and 
Lynham (2020) 

Multiple 
Adaptations 

San Diego 
and Santa 
Cruz, CA  

1999 Hedonic Seawalls 
decrease 
values in 
Santa Cruz 

Ln(price stated 
by owner) 

 

Kim (2019) Multiple 
Adaptations 

Miami-
Dade, FL 
and NYC, 
NY 

2009–
2018 

Hedonic  Ln(Sales price)  
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