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Abstract

How does environmental regulation of land use affect the environment and the economy? We
analyze how dramatic recent changes in Clean Water Act regulation due to White House and
Supreme Court rules, measured using geophysical data and machine learning algorithms, affect
property values and land use. Four findings emerge. First, recent rule changes greatly alter
regulatory stringency. Second, regulation substantially decreases values of non-residential land
parcels with water resources. Third, regulation decreases development activity, as measured
from permitting and satellite data. Fourth, we calculate implied costs of this regulation.
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Many prominent environmental policies restrict land development. The US Endangered Species
Act, for example, constrains land use in habitats of critically-threatened species. The National En-
vironmental Policy Act requires developers to undertake a costly planning process intended to
minimize environmental damage due to development.

Such environmental regulations of land use attract substantial controversy over whether they
optimally balance environmental benefits and economic costs. Land use restrictions constrain the
supply of developed land, and Hsieh and Moretti (2019) estimate that labor misallocation due to
land use regulation has substantially decreased US growth. Undeveloped plots are increasingly
located in areas subject to climate change-related hazards like wildfires (Radeloff et al. 2018),
and restricting land available for development could exacerbate those hazards. At the same time,
restricting development can preserve ecosystem services that undeveloped lands provide such as
flood mitigation, wildfire mitigation, biodiversity, pest control, and air quality.

The 1972 Clean Water Act provides an important setting to study these tradeoffs. Although
the Clean Water Act directly regulates pollution in US waterways, its implementation ultimately
affects land use and real estate development. Section 404 of the Act restricts the discharge of
“dredge and fill material” into jurisdictional waters, and a regulation which the US Army Corps of
Engineers helps implement. In the early 1970s, the Army Corps interpreted Section 404 to cover
traditional navigable waterways, 1.e., rivers that a boat could navigate, which Congress regulates
under the Constitution’s Interstate Commerce Clause.

In the late 1970s, however, the Environmental Protection Agency interpreted that the Clean
Water Act protected water resources upstream of traditional navigable waters. This interpretation
eventually expanded Clean Water Act jurisdiction to wetlands where water is present infrequently
or even only historically; desert washes and ephemeral streams, where water is present only a
few days per year; and other areas where land development could otherwise easily occur. The
Section 404 restrictions on dredging and filling limit most construction activity involving heavy
machinery like bulldozers and excavators which occurs on jurisdictional areas, and thus translate
a statute focused on managing pollution in US surface waters to a statute affecting development
across many US lands.

Since its inception, acrimonious debates have occurred about the appropriate jurisdiction of
the Clean Water Act, and especially Section 404. One third of US Supreme Court environmental
rulings since 1972 address the Clean Water Act, more by far than for any other environmental law
(Zellmer 2013). In just the last decade, regulatory ping-pong due to judicial and executive branch
rulings has dramatically and repeatedly changed Clean Water Act jurisdiction. These reforms pro-
vide both reason to study the Act’s impacts and a research design to estimate those impacts. Until
20135, Justice Kennedy’s concurring opinion in the Supreme Court’s Rapanos decision guided ju-

risdiction, and directed that the Clean Water Act protected waters which were a ““significant nexus”



to navigable waters, including a biological, physical, or chemical connection—a decision which
ultimately regulated many wetlands and ephemeral streams. In 2015, the Obama Administration
issued the Clean Water Rule, clarifying which waters were protected and not seeking to substan-
tially change jurisdiction. Twenty-seven states litigated and never implemented this rule.

Our analysis focuses on arguably the largest recent change in Clean Water Act jurisdiction—the
Trump Administration’s Navigable Waters Protection Rule (NWPR), which essentially required a
continuous and relatively permanent surface water connection between a regulated waterbody and
a traditionally-navigable waterway. NWPR substantially limited jurisdiction for isolated wetlands
(i.e., wetlands without a surface water connection) and ephemeral streams.

Clean Water Act jurisdiction is controversial due to its potential economic and environmental
consequences. To determine whether the Clean Water Act regulates parts of a potential develop-
ment site, landowners or developers typically hire a wetland consultant to conduct a field survey
indicating whether any water features may be regulated. If so, developers must obtain a permit
and undertake costly actions such as minimizing impacts to regulated waters, purchasing environ-
mental offsets from wetland banks, and in many cases leaving the area of the jurisdictional water
resource undeveloped. These regulations can affect any type of land development project including
factories, renewable or fossil fuel power plants, roads, airports, golf courses, oil and gas drilling,
mining, housing, warehouses, and others. At the same time, isolated wetlands, ephemeral streams,
and other water resources that are not traditionally navigable account for a large share of water
flow and potential ecosystem services such as pollution filtration and flood mitigation (Brinkerhoff
et al. 2024).

Our analysis of this regulation proceeds in four steps. First, using data on legally-binding
Approved Jurisdictional Determinations (AJDs) from the Environmental Protection Agency and
Army Corps, we examine how NWPR affected regulatory stringency. We find that developer
requests for determinations increased fourfold during NWPR. The share of Army Corps-evaluated
sites deemed jurisdictional under NWPR decreased by 6 percentage points for sites without water
resources, but the share decreased by up to 20 percentage points for sites with water resources.

Second, we examine how variation in jurisdiction affects development. We report event study
analyses of changes in remotely-sensed measures of development in years surrounding project-
level Army Corps jurisdictional determinations. Development becomes substantially more likely
following a jurisdictional determination, particularly when the site is not regulated.

Third, using parcel-level data from CoreLogic on the near-universe of US land transactions,
we study how the introduction of NWPR affected land markets. We focus on non-residential
parcels, where development is more likely to occur after a sale. We find that NWPR substantially
increased the value of water resource parcels, though only on non-residential properties. Relative

to non-residential parcels with no water resources present, we estimate that NWPR significantly



increased land values of non-residential parcels with water resources.

We then incorporate a machine learning model of regulation to obtain estimates of how the
predicted probability of jurisdiction affects property values. Although Army Corps data reveal
how NWPR changes the regulatory stringency of the Clean Water Act, and land market data reveal
how NWPR changes property values, we cannot use standard instrumental variables models to
estimate the effects of regulation because there is limited spatial overlap between the Army Corps
and land market data. Instead, we use a model based on prior work (Greenhill et al. 2024) to
predict a given location’s probability of being regulated under different Clean Water Act rules. We
then estimate how the probability of jurisdiction under the rule in force at the time of the property
sale affects land values.

Several aspects of the analysis help assess internal validity. First, event study analyses allow
assessment of how property values changed when NWPR began in early 2020, versus when a ju-
dicial ruling stayed NWPR in late 2021. Second, because the period when NWPR was in force
largely overlaps with the COVID-19 pandemic, we investigate the sensitivity of our results to
adding parcel-level controls for three proxies for the COVID housing boom (Ramani et al. 2024):
the share of individuals who can work from home, the distance to the closest central business dis-
trict, and population density. Third, we compare NWPR’s land market effects for non-residential
parcels, where development is likely following a transaction, versus residential parcels, where
single-family homes or other buildings constrain new development. Fourth, semi-parametric bin
estimates show that non-residential parcels with relatively larger shares of area deregulated experi-
enced relatively larger changes in property values, while residential parcels show no such pattern.
Fifth, we find similar effects of NWPR on non-residential land values in both regions with large
and small COVID housing booms.

The fourth and final part of our research estimates the economic cost of Clean Water Act
regulation by combining the results of our regulatory stringency and land market impact analyses.

This research departs from existing work in several ways. We believe it provides the first ex
post estimate of the costs or impacts of Clean Water Act regulation on land use. The leading
estimate of the cost of Clean Water Act land use regulations comes from a survey measuring fees
and time completing paperwork (Sunding and Zilberman 2002). An EPA Economic Analysis of
the Biden Administration’s Clean Water Act rule assumes these regulations require permit fees
and mitigation costs but do not change property values (EPA and USACE 2021). Prominent media
stories describe these reforms (Davenport 2020; Ferek and Puko 2020; Daly 2021) and describe
how these changes in Clean Water Act rules have allowed large construction projects (Cassels
2021; Magill 2021). Five Science papers debate NWPR’s scientific justifications, but do not study
its ex post economic or environmental effects (Boyle et al. 2017; Sullivan et al. 2020; Keiser et
al. 2021; Brinkerhoff et al. 2024; Greenhill et al. 2024). In contrast, there exists much economic



research estimating ex post costs of other major environmental regulations, including the Clean Air
Act (Becker and Henderson 2000; Greenstone 2002; Walker 2013; Shapiro and Walker 2024)
and the Endangered Species Act (Auffhammer et al. 2020; Frank et al. 2025).

We also believe this research provides the first comprehensive analysis of the Clean Water
Act’s Section 404 regulation of land use. A few studies analyze the Clean Water Act’s grants for
abatement technology at wastewater treatment plants (Keiser and Shapiro 2019; Flynn and Marcus
2021; Jerch 2021). Other work studies the Clean Water Act’s abatement technology requirements
for industrial plants (Behrer et al. 2021; Earnhart and Segerson 2012). These are separate from
the regulations we study.

More broadly, this research provides novel estimates of the cost of protecting wetlands, which
are a critical natural resource globally. Wetlands create a classic positive externality since they
mitigate floods, improve water quality, and provide other benefits to other properties (Heimlich
1998; Turner et al. 2000). A few economic papers analyze particular aspects of wetlands: Taylor
and Druckenmiller (2022) use spatial and temporal variation in US wetlands to estimate their flood
protection benefits; Aronoff and Rafey (2023) study offset markets for wetlands in Florida; Stavins
and Jaffe (1990) model how flood prevention and land use projects in the Mississippi Valley change
supply of forested wetlands. Our sense is that economic research on wetlands is inefficiently scarce
relative to wetlands’ global environmental and economic importance, which is arguably growing

given wetlands’ potential role in climate adaptation via flood mitigation.
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