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Abstract

We study PACE, an innovative financing contract that lets homeowners fund
energy-efficient and resiliency upgrades through their property tax bills. We link PACE
originations to property, credit bureau, and permit data to study how they create and
redistribute value. Borrowing costs exceed home equity credit costs, especially for households
with weaker outside options, consistent with underwriter market power. PACE also increases
property tax delinquency. Investments capitalize into higher property values, partly through
lower insurance costs, implying household discount rates of 2.9-3.7%. Combining higher
property tax revenues with delinquency losses, we estimate positive net local fiscal gains
from PACE adoption.
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1 Introduction

A substantial increase in investment is required to make the housing stock more resilient
to natural disasters and more energy efficient.’ From 2002 to 2022, homeowner spending on
disaster repairs rose by about 206% in real terms (Harvard JCHS, 2025), while insurance
costs grew 8.7% faster than the overall price level between 2018 and 2022 (U.S. Department
of the Treasury, 2025). These trends increase the importance of private adaptation (Ge et
al., 2025a,b; Sastry et al., 2025, 2026; Sastry, 2026), particularly because homeowners hold
a large and difficult to diversify share of their wealth in their homes (Giacoletti, 2021).
Yet, households face substantial barriers to financing these projects (DeFusco et al., 2022;

Yannelis and Zhang, 2023).

To overcome these barriers, several U.S. states have passed laws enabling residential
Property Assessed Clean Energy (PACE) loans. PACE loans are one of the fastest growing
public lending policies in the U.S.? These loans finance energy efficiency and/or climate
resiliency home improvements. They are secured by tax liens that are senior to existing
mortgages. Under Modigliani-Miller, issuing a new senior claim should not create value;
seniority makes the PACE lender safer by reducing the expected recovery of mortgage
creditors, thereby redistributing value across claims (Modigliani and Miller, 1958). Hence,
these loans raise a central question: Does PACE financing enable otherwise unrealized
investments that increase property values, and how are the resulting gains and costs

distributed across households, insurers, lenders, and local governments?

In this paper, we show that PACE disproportionately reaches financially constrained

1In 2022, building operations accounted for 26% of global energy-related emissions, with residences alone
accounting for 16% (International Energy Agency, 2023). Annual investment in carbon-reducing retrofits
would have to increase thirty-fold to meet the residential sector goals of the 2016 Paris Agreement (Buchner
et al., 2023).

2Residential PACE programs reached $9.1 billion in total loan dollars originated by the end of 2023,
growing from $1.4 billion in 2015. The PACE market has grown by 71% since 2020 alone. See Figure 1.



households and sharply increases eligible home improvements around origination. Yet
borrowers pay substantially more than for comparable home equity credit, especially
when their outside financing options are weak, consistent with provider market power.
PACE-financed investments nevertheless create substantial value: house prices rise,
particularly for climate-proofing projects, partly through lower homeowners insurance costs,
implying household discount rates of 2.9-3.7%. We do not find evidence that PACE borrowers
face constraints in refinancing their mortgage. At the same time, property tax delinquency
increases. Overall, the expansion of the property tax base more than offsets short-run

delinquency losses, generating net fiscal gains of $186-$251 per PACE borrower annually.

To show these results, we construct a new dataset where we observe the economic
and financial outcomes of PACE investments at the property owner level. We collect a
comprehensive sample of roughly 77,000 PACE loans originated for home improvements
across 60 Florida counties between 2015 and 2023 by sending Freedom of Information Act
(FOIA) requests to each county in Florida and to coalitions of PACE lenders. We link each
PACE loan to property-level data from Cotality and then to borrowers’ credit histories
from Equifax. The Cotality data allow us to observe household outcomes related to the
property, including housing transactions, home equity-secured loans, building permit filings,
property tax delinquency, and other involuntary liens, such as bankruptcy judgments. In
particular, we develop a novel measure of household home improvement investment by
parsing permit application memos to classify projects. The Equifax data complement these
property-level records with detailed information on household credit outcomes, including
mortgage balances and performance, credit card borrowing, auto and other consumer debt,

credit scores, delinquencies, and bankruptcies.

We use two complementary identification  strategies. First, a  stacked
difference-in-differences design compares households around PACE loan origination to

otherwise similar households that receive a PACE loan only later, with fixed effects and



controls interacted with the treatment cohort. Second, we instrument individual PACE
loan take-up with the staggered adoption of PACE programs across Florida counties.
Identification comes from differences in the timing of local program availability, which are
determined by county officials’ policy decisions and therefore shift households’ access to

PACE financing independently of their underlying financial conditions.

To discipline the empirical analysis, we develop a simple model in which households
differ in credit quality and can finance home improvements either with conventional home
equity credit or with PACE. Because HELOCs are junior to the existing mortgage, riskier
households face tighter borrowing constraints, while the seniority of PACE protects lenders
and allows these households to finance projects they otherwise could not undertake. PACE,
however, can only finance a restricted set of eligible projects and approved contractors,
which raises the average value of investments undertaken through the program relative to the
broader set of projects financed with conventional credit. At the same time, PACE providers
have market power, so borrowers with weaker outside financing options pay higher rates
even though lender exposure to their credit risk is limited. The model therefore predicts
that PACE expands investment among constrained households, shifts investment towards
higher-value projects, raises delinquency by increasing debt service burdens, and generates

capitalization into property values.

All the predictions of our framework are borne out in the data. We begin with the
consequences of PACE for household financial distress. PACE borrowing increases financial
distress. Using both a stacked difference-in-differences design and an IV strategy based on
county-level PACE adoption, we find that PACE take-up raises property tax delinquency. In
the stacked design, delinquency increases by 0.1 percentage points, a 14% increase relative
to the pre-origination rate. This finding is surprising in light of evidence that expanding
access to cheaper credit after disasters improves borrower repayment by relaxing liquidity

constraints (Collier et al., 2024, 2025). Instead, our findings are consistent with the model’s
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prediction: relaxing borrowing constraints through PACE increases investment capacity, but

also raises households' required debt service burden and exposure to liquidity shocks.

Consistent with the model's market power mechanism, we next nd that PACE loans
are priced at a substantial premium relative to conventional home equity credit. Even
prime borrowers pay roughly 2.5-2.8 percentage points more than on comparable HELOCs,
while the premium is an additional 0.28{0.35 percentage points for subprime borrowers.
The seniority of PACE claims insulates lenders from borrower default risk, making this
pattern di cult to reconcile with a premium that compensates lenders for risk exposure.
Instead, it supports the model's market power mechanism: nancially constrained households
have weaker outside options in conventional credit markets, allowing PACE providers to
extract larger rents from precisely those borrowers for whom the program relaxes nancing

constraints.

Despite this substantial nancing premium, PACE- nanced investments create value for
homeowners by capitalizing into property prices. Using a stacked di erence-in-di erences
design around PACE origination, we nd that sale prices increase by roughly 6.2%. This
result is notable because, under Modigliani{Miller, adding a senior claim should merely

redistribute value across creditors rather than increase the value of the underlying property.

We next examine a mechanism that can rationalize these capital gains. For PACE borrowers
investing in resilience measures, part of the increase in property values may re ect lower
future homeowners insurance costs. Using administrative data on residential insurance
contracts, we nd that premia fall by roughly 3% to 5% following a county's adoption
of PACE. Scaling this intent-to-treat estimate by county-level PACE take-up rates and
applying standard Gordon growth formulas yields discount rates between 2.9% and 3.7%.
These estimates are similar to the long-run discount rates reported by Giglio et al. (2015)

and Ge et al. (2025a) for real estate investments.



A potential o setting cost, however, is that the super seniority of PACE liens may
restrict households' subsequent access to mortgage re nancingve nd no evidence that
PACE borrowing reduces households' ability to re nance their mortgages. The estimates are
statistically indistinguishable from zero, including when we restrict the sample to conforming
loans, for which the regulatory friction created by a PACE lien should be strongest. This
null result is informative because PACE liens could, in principle, lock borrowers into their

existing mortgages by limiting access to conforming loan re nancing.

We combine our empirical estimates via back-of-the-envelope calculations to determine
the desirability of adopting PACE from the perspective of local governments. Subtracting
our estimate of short-term revenue losses due to household tax delinquencies from the
expansion of the property tax base through capitalization into housing values translates
to higher tax revenue for a county of betwee®186 and$251 per PACE loan-year based on
prevailing e ective tax rates.* Hence, although some PACE borrowers may be worse o from
experiencing greater annual tax burdens or default costs, local governments, prospective
mortgaged homebuyers, and homeowners now facing lower insurance costs in PACE counties

bene t from program adoption.

Contributions. Our rst contribution is to the literature on household credit constraints.
Prior work shows that housing collateral and creditor rights a ect households' borrowing
capacity and investment (Lustig and Van Nieuwerburgh, 2005; Liberti and Mian, 2010;
Benmelech and Bergman, 2011, Vig, 2013; Corradin and Popov, 2015; Campello and Larrain,
2016; Melzer, 2017; DeFusco, 2018; DeMarzo, 2019). In contrast to this literature, wherein
borrowing capacity depends on pledgeable asset values, PACE expands capacity by altering

claim seniority and restricting proceeds while holding collateral xed. Household capital

3Since 2010, Fannie Mae and Freddie Mac do not purchase mortgage loans associated with PACE liens
due to the latter's super seniority (Fannie Mae, 2025).

4We assume that 100% of the tax delinquencies are paid by the local government. This is a strong
assumption, as PACE loans can be backed by municipal bond issues purchased by private investors (e.g.,
insurance companies), which attenuates our nding of a positive scal e ect.

5



structure therefore has real consequences for investment because limited pledgeability and

default risk break the Modigliani{Miller benchmark.

Our ndings also speak to the literature on mortgage re nancing and home equity
extraction. Households may fail to re nance because of inattention or underwriting
constraints (Keys et al., 2016; Chen et al., 2020; DeFusco and Mondragon, 2020). PACE
provides an alternative way to borrow against housing collateral without re nancing the
rst mortgage. Despite its senior lien, we nd no decline in re nancing, as PACE- nanced
improvements raise property values and o set the senior claim. PACE can therefore expand

borrowing capacity without reducing collateral available to future lenders.

Second, we contribute to the literature on consumer credit pricing and lender market
power. Borrowing costs re ect search frictions, screening, and lender competition in addition
to credit risk (Gan and Riddiough, 2008; Agarwal et al., 2017; DeFusco et al., 2022; Argyle
et al., 2023; Yannelis and Zhang, 2023; Bhutta et al., 2026). PACE helps separate these
forces because seniority largely insulates lenders from borrower default risk. Yet, PACE rates
exceed those on comparable home equity loans, with larger interest rate premia for subprime
households with weaker outside options. This pattern points to market power rather than

compensation for risk.

We also contribute to work on policies that protect lenders to expand credit. Government
guarantees increase credit supply by reducing lender losses (Gete and Zecchetto, 2018; Bachas
et al., 2021; Erel and Liebersohn, 2022; Granja et al., 2022; Carletti et al., 2023; Barrot et
al., 2024; Altavilla et al., 2025). PACE instead protects lenders through seniority, partly at
the expense of existing mortgage holders rather than taxpayers. This protection expands
credit to constrained households, although lower lender risk is not fully passed through to

borrowers.

Third, we contribute to the literature on green nancial contracts and barriers to



environmental investment. Credit constraints can limit household adoption of energy-e cient
technologies, while realized returns may be uncertain (Fowlie et al., 2018; Berkouwer and
Dean, 2022). At the rm level, green bonds and sustainability-linked loans direct capital
towards environmental investment through labeled proceeds or performance incentives
(Flammer, 2021; Kim et al., 2025). PACE instead works through the debt structure itself,
combining restricted proceeds, seniority over the existing mortgage, and repayment through
the property tax bill. Our ndings demonstrate how nancial contract design can relax

barriers to household environmental investment.

Fourth, we contribute to the literature evaluating PACE programs. Prior work shows
that PACE increases residential clean energy investment (Kirkpatrick and Bennear, 2014;
Wineco and Gra, 2020), generates local economic activity (Rose and Wei, 2020), and may
be re ected in resale values (Goodman and Zhu, 2016) or a ect mortgage markets (Millar
and White, 2024). To our knowledge, we are the rst to assemble comprehensive microdata
linking individual PACE loans to borrower credit records, mortgage data, building permits,
property values, and tax delinquency. This allows us to provide a more complete economic

analysis of how PACE creates value and how its bene ts and risks are distributed.

Finally, we contribute to the literature on climate nance. Prior work shows that
climate risk is re ected in residential property prices and transmitted through insurance
and mortgage markets (Bernstein et al., 2019; Baldauf et al., 2020; Murn and Spiegel,
2020; Bakkensen and Barrage, 2022; Ge et al., 2025a; Sen, 2023; Oh et al., 2026; Sastry,
2026; Hu, 2026). We ask the complementary question of whether investments that reduce
climate risk create value. PACE- nanced improvements raise transaction prices and assessed
improvement values, with larger e ects for climate-proo ng projects and coastal areas.
Homeowners insurance premia also decline following PACE adoption, consistent with insurers
passing part of the reduction in expected losses back to homeowners. These savings explain

an economically meaningful share of the house price increase. Our results therefore show that
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markets capitalize household adaptation and identify lower insurance costs as one channel

through which PACE creates value.

2 Background on PACE Programs

General background. Over the last two decades, 40 U.S. states plus Washington, D.C. have
passed legislation enabling PACE to provide nancing for energy e ciency upgrades and
disaster resiliency improvements for property owners. While most PACE programs focus on
commercial properties, PACE nancing is also available to residential property owners in
California and Florida. Based on data provided by PACE Nation, Panel A of Figure 1 shows
that the aggregate size of the residential PACE loan market has sharply increased since
its introduction around 2010. By the end of 2023, the total amount of residential PACE

nancing reached approximately$9.1 billion.

We focus on the Florida residential PACE program, for which we obtain a detailed
sample of loans from two of the largest coalitions of PACE lenders, combined with public
records received via FOIA requests submitted to each of Florida's 67 countfefn Florida,
state legislation (Chapter 163.08) has allowed local jurisdictions to record liens for PACE
loans since 2010. The Act refers to Chapter 2008-227, Laws of Florida, which outlines
the role of PACE in the state's comprehensive plan to reduce reliance on energy-intensive
carbon emissions and increase the energy e ciency and conservation of all end-use sectors.
Given this goal, the Florida legislature has recognized a \compelling state interest" to
provide additional nancial means for property owners to undertake energy improvement

and hurricane-hardening projects attached to their homes.

5The total size of the residential PACE market includes loans originated in Missouri, which adopted
PACE in 2021 and repealed its PACE program in August 2024.

Relative to the Florida PACE program, the California PACE program has faced multiple statewide
legal challenges and additions to consumer protection regulations, making it di cult to determine precise
treatment statuses across jurisdictions.



County-level adoption. Panel B of Figure 1 provides a map of counties classi ed by the
current status of their residential PACE legislation. The gure highlights the prevalence of
PACE programs across Florida, with most counties having enabled PACE nancing at some
point, except for a handful in the panhandle region. In 2011, Miami-Dade became the rst
Florida county to launch the program. The pace of adoption increased between 2015 and
2018, and by the close of 2020, the majority of large Florida counties had implemented the
program. Florida counties with PACE partner with four districts, each of which represents
a coalition of administrators who screen loan applicants on behalf of the municipality.
During our sample period, there are six administrators operating in Florida. Public-private
partnerships between local governments and PACE districts are formalized via an interlocal

agreement.

PACE loan procedures. Online Appendix B contains a detailed institutional description

of PACE, which we summarize here. Homeowners are eligible for PACE loans regardless
of their credit score, provided they have ful lled all debt and tax obligations in the last
three years prior to applying. PACE loans o er up to 100% nancing for qualifying home
improvements, with the loan amount generally capped at 20% of the appraised property
value (as assessed by the county), except in speci c cases related to energy audits. For the
single-family homes in our estimation sample, the most common loan term is 20 years, with
an average origination amount of approximatel$25,000 and an average xed annual interest
rate during our sample period of around 6.7%. Under state guidelines, lenders can perform
hard credit inquiries to determine applicants' payment histories but do not use credit scores

to determine eligibility or pricing.

Unlike traditional nancing, PACE loans are repaid through property tax payments levied

"The four districts are called: Florida Green Finance Authority, Florida PACE Funding Agency (FPFA),
Florida Resiliency and Energy District, and Green Corridor PACE. Of these districts, FPFA and Green
Corridor are the two largest, and together they comprise 85% of the loans in our sample.
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as a special assessment, which are attached to the property rather than the borroWdris
makes PACE loans \super senior” to other claims, such as mortgage liens, because delinquent
property tax payments, including those with PACE assessments, take priority over other
lienholders. Importantly, mortgage lenders cannot legally enforce covenants regarding the
homeowner's decision to take out a PACE loan; for instance, they cannot demand early
payment of the mortgage principal if a PACE loan is obtained. However, due to the super
senior status of PACE liens, borrowers may be required by lenders or future buyers to pay
o the PACE loan in full before re nancing or selling the property (Cox, 2011). The absence

of prepayment penalties for PACE loans facilitates such provisions.

Residential PACE loans are available for single-family homes, condos, vacant residential
land, and small multifamily buildings. Prospective PACE borrowers can apply either directly
through a district or administrator (the underwriter) or indirectly via a registered contractor.
Once a loan is underwritten, the district forwards the loan terms to the local tax assessor,
who generates a Notice of Assessment, which is also sent to the borrower as a loan disclosure
form. In many records o ces, clerks attach to the loan contract a Notice of Commencement
on the improvement resulting from the building permit, helping to prevent fraud. We provide

examples of both notices in Online Appendix C.

PACE project types. The historical purpose of PACE is to nance projects that reduce
the energy consumption of the house, such as energy-e cient window installations.
PACE-approved projects also include investments that improve the resistance of the house to
natural disasters, such as impact-resistant windows. We document clear complementarities
between these two types of investment. Figure A.1 shows a strong positive relationship
between the energy e ciency and climate resilience ratings of window products sold in the

U.S., which are among the most common purchases from PACE funds in Florida. Making

8These PACE payments are based on a xed interest rate determined at the time of loan origination and
they fully amortize the loan, similar to a standard xed-rate mortgage.
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a house more resistant to natural disasters can lead to lower energy consumption. This
relationship is consistent with di use technical progress rendering home improvements using

recent products more e cient on multiple dimensions’

3 Conceptual Framework

We develop a simple model to organize the empirical analysis. The formal derivations
are presented in Online Appendix D. The model emphasizes three features of PACE
nancing: the seniority of PACE claims, their availability to households with limited access
to conventional home equity credit, and the restriction of PACE nancing to eligible projects

and approved contractors.

Households di er in credit quality and may nance a home improvement project using
either conventional home equity credit or PACE. Lower credit quality households are more
likely to experience a low cash ow state and therefore face a greater probability of being
unable to service their housing-related debt. Conventional home equity nancing is junior to
the existing mortgage, so lenders' expected recoveries depend directly on borrower risk. As
borrower risk increases, lenders require greater promised repayment and eventually restrict

borrowing capacity.

PACE di ers from standard home equity nancing because the assessment is attached to
the property and is senior to conventional mortgage claims. Seniority protects the PACE
lender through the value of the collateral, allowing households that cannot obtain su cient
junior nancing to borrow through PACE. Importantly, seniority protects the lender rather
than the household. PACE still increases the borrower's required debt service and can

therefore generate nancial distress when cash ow is low.

The model also allows the two lending markets to dier in competitive structure.

9This complementarity also highlights the empirical challenges with distinguishing between households'
resilience versus energy e ciency motivations behind engaging in home improvement projects.
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Conventional home equity lenders are competitive, whereas PACE providers have market
power. Households with access to conventional credit therefore have a valuable outside option
when choosing whether to borrow through PACE, while constrained households do not.
Finally, PACE nancing can be used only for eligible projects and approved contractors. We
assume that this restriction shifts investment towards projects with greater property value

bene ts. These features deliver four predictions that guide our empirical analysis.

Prediction 1. PACE relaxes nancing constraints, particularly for riskier households.

Because conventional home equity claims are junior, borrowing capacity declines with
borrower risk. PACE seniority weakens this link between household credit risk and lender
recovery, allowing constrained households to nance investments that they could not
otherwise undertake. The model therefore predicts that PACE borrowers should be negatively
selected on conventional measures of creditworthiness and that PACE should increase home

improvement investment primarily by expanding borrowing on the extensive margin.

Prediction 2. Riskier households pay more for PACE, even though PACE lenders are

protected from their credit risk.

PACE seniority limits lenders' exposure to borrower default risk, so di erences in PACE
pricing across borrowers need not re ect di erences in expected credit losses. Instead,
pricing can re ect borrowers' outside options. A prime credit household that can obtain
competitively priced home equity credit must receive su cient surplus to choose PACE,
whereas a constrained household with limited access to conventional credit has less
bargaining power. A PACE provider with market power can therefore charge higher rates
to borrowers with weaker outside nancing options. The model predicts that PACE rates
should exceed those on comparable conventional credit and that this premium should be

larger for lower credit quality borrowers even though the lender is protected by seniority.
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Prediction 3. PACE increases delinquency primarily by expanding borrowing among

constrained households.

Although seniority protects the lender, PACE raises the household's total required debt
service. When cash ow is low, this additional obligation can push the household into
delinquency, consistent with evidence that liquidity constrained borrowers are particularly

sensitive to changes in required debt payments (Ganong and Noel, 20%3).

Prediction 4. PACE nancing is associated with greater capitalization into property values.

PACE can increase property values through two complementary channels. First,
restrictions on eligible projects and approved contractors shift nancing towards investments
that generate greater property value bene ts. Second, PACE relaxes nancing constraints
and enables some households to undertake value-creating projects that would otherwise not

occurt

4 Data Sources and Descriptive Statistics

4.1 Data Sources

We combine ve datasets in our main analysis: loan-level records on Florida PACE
originations, Cotality (formerly named CoreLogic) property and mortgage records, Equifax
credit bureau data, the Spatial Hazard Events and Losses Database for the United States

(SHELDUS), and Florida's Quarterly and Supplemental Reporting System (QUASR) on

ONotice that the e ect is ambiguous ex ante as PACE could instead reduce nancial distress by replacing
more expensive forms of credit and freeing up household cash ow, as observed in the context of disaster
loans (Collier et al., 2024, 2025).

1The e ect of PACE on house prices is far from mechanical. An outstanding PACE lien can create
mortgage-market frictions by limiting access to GSE-backed nancing, which may reduce the pool of potential
buyers. In addition, the market value of an improvement may fall short of its cost when some bene ts are
speci ¢ to the current homeowner, while restrictions on approved contractors may weaken competition,
increase project costs, or reduce quality.
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homeowners insurance. Since interest rates are not usually recorded on a mortgage deed, we
use originations in the Home Mortgage Disclosure Act (HMDA) data to obtain interest rates
for HELOCs. We describe how we link our sample of PACE borrowers to their Equifax credit
histories in Online Appendix G.2. Because the HMDA, SHELDUS, and QUASR datasets
have been widely used in previous research, we relegate a description of these sources to

Online Appendix G.3.

PACE loan data. We obtain loan-level records by submitting FOIA requests to Florida
counties and the four residential PACE districts operating in the state. For each loan, we
observe the property assessor's parcel number (APN), origination year, and PACE district.
Our data contain 77,564 loans originated on 74,797 unique properties across 60 counties
since 2015, representing approximately 80% of the Florida PACE market by loan count over
the period for which aggregate originations are available (Consumer Financial Protection
Bureau, 2023). For properties with multiple PACE loans, we aggregate originations to the
property-year level. Additional details on the construction and coverage of the PACE loan

data are provided in Online Appendix B.

Cotality data. We link PACE loans to several Cotality products using property identi ers.
Owner Transfers provides arms-length transaction prices and property transaction histories,
while Tax provides physical property characteristics and annual assessed values. The annual
reassessment of Florida properties allows us to track changes in assessed improvement values
even for properties that do not transact. Cotality'sinvoluntary Liens database allows us to
identify local tax delinquencies and bankruptcy liens, whilélortgage provides information

on mortgage originations, re nancing, home equity borrowing, loan amounts, and contract
characteristics. These datasets allow us to study capitalization, nancial distress, mortgage

re nancing, and the pricing of PACE relative to conventional home equity credit. Details on

variable construction and sample restrictions are provided in Online Appendix G.1.
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Building permits. We use Cotality Building Permits to construct a novel measure of
household home improvement investment. The data contain permit-level descriptions of the
work performed, which we link to PACE and non-PACE properties. Using the text of permit
applications, we classify projects into ve mutually exclusive categories: HVAC, Roo ng,
Solar, Windows and Doors, and Other. The rst four categories correspond to common
PACE-eligible investments, while Other captures projects such as interior renovations,
expansions, and landscaping. Online Appendix E describes the permit sample construction,

text-parsing procedure, and classi cation keywords.

Credit bureau data. We supplement the property-level records with Equifax credit
bureau data. The Equifax data provide borrower-level measures of creditworthiness and
nancial distress, including credit scores, account balances, credit limits, derogatory events,
delinquencies, and bankruptcies, which we use to characterize selection into PACE and
control for ex ante borrower nancial conditions. We anonymously match the Cotality
variables to borrowers' credit histories based on their names and property addresses, following

the procedures outlined in Online Appendix G.2.

4.2 Descriptive Statistics

Table 1 examines the determinants of county-level PACE adoption. Although counties with
lower unemployment, stronger climate concerns, and greater lagged disaster exposure are
more likely to adopt PACE in the cross-section, most economic, demographic, and political
characteristics no longer predict adoption once county and year xed e ects are included.
Instead, adoption timing is related to changes in local tax assessor leadership. Using
hand-collected data on assessor turnover, we nd that the interaction between turnover and

local climate concerns is positively associated with PACE adoption, consistent with newly

20nline Appendix H further shows that local governments' nancial conditions, including
debt-to-revenue, liquid assets, and interest coverage, do not predict PACE adoption.
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elected assessors' climate preferences a ecting program introduction. Because turnover itself
could respond to local conditions, we repeat the analysis using only turnovers associated with
the retirement of assessors aged 62 or older and obtain similar resuftslogether with the
predetermined timing of assessor elections, these ndings support the identifying assumption
that the timing of county-level PACE adoption is plausibly quasi-random conditional on

county and year xed e ects.

We next turn to the complementary identifying assumption underlying our borrower-level
design: whether households originating PACE loans at di erent points in time are comparable
before treatment. This distinction is important because PACE borrowers are strongly selected
relative to other homeowners, making non-PACE households an unsuitable control group,
as shown in Figure 2. Our borrower-level design therefore restricts the sample to eventual
PACE borrowers and compares each origination cohort with borrowers who receive PACE
later. Table 3 tests whether these early and late cohorts are similar on observable borrower
and property characteristics measured before origination. All normalized di erences are
economically small and remain below the conventionatZb threshold proposed by Imbens
and Wooldridge (2009). For instance, the largest normalized di erence is only. 106 for
year built. The di erences are also modest in levels. Early borrowers have an average credit
score of 639.4 versus 638.62 for later borrowers, a gap of only 0.8 points, while their homes
are about 48 square feet larger on average and have 0.07 fewer bedrooms. Although some
di erences are statistically signi cant, their economic magnitudes are small, indicating that

early and late PACE cohorts are closely comparable.

Figures A.2 and A.3 show that PACE nancing is closely associated with home
improvements, particularly disaster-proo ng investments; non-repair window and door and
roof replacements together account for approximately half of likely PACE- nanced projects.

Stacked event studies comparing borrowers with later, not-yet-treated borrowers show sharp

3For most public employees, Florida state pensions vest at age 62.
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increases in permitting around PACE origination. Window and door permits rise by 9.5 p.p.
in the origination year and 14.0 p.p. the following year, while roo ng permits rise by 5.6 and
7.0 p.p. The corresponding increases are smaller for HVAC (3.2 and 4.0 p.p.) and solar (1.1

and 0.6 p.p.), con rming the particularly strong uptake of disaster-resilience improvements.

5 Main Empirical Results

In this section, we examine how PACE a ects borrowers' nancial outcomes, loan pricing,

and property values, and test the main mechanisms predicted by our framework.

5.1 The Effect of PACE Loans on Borrower Delinquency

We examine whether PACE loans increase property tax delinquency. Our framework predicts
that they should (Prediction 3). Seniority protects the lender, not the borrower: taking

up PACE raises total housing-related debt service. Because PACE attracts nancially
constrained households, the additional obligation may push some borrowers into delinquency.
The direction of the e ect is not obvious ex ante however. PACE could insteadreduce
distress by substituting for more expensive credit, such as unsecured credit card debt,
and freeing up cash ow, much as access to cheaper disaster loans has been shown to
improve household repayment after natural disasters (Collier et al., 2024, 2025). Which

force ultimately dominates is an empirical question.

To test this prediction, we estimate the e ect of PACE take-up on property tax delinquency

using a stacked di erence-in-di erences design:

The outcomeDelinquent;.; equals one in cases where property-by-owner combinatiom

loan cohortc has a local tax lien involuntarily and newly placed on it in yeat, indicating a
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missed property tax payment. Since lien removals are infrequently recorded in the Cotality
Involuntary Liens data, we measure changes in tax delinquency based on new lien events.
We de ne delinquency at the property-by-owner level using the name(s) recorded on the
deed matched to the name(s) listed on the lien ag® PACE;.; is a dummy variable equal

to one if household has had a PACE lien placed as of yedrand zero otherwise. We include

property-cohort ;. and cohort-year . xed e ects in all speci cations.

To improve comparability between properties with and without PACE loans, we compare
each origination cohort with borrowers whose loans originate more than three years later.
Comparisons of earlier- and later-treated units are common in staggered-adoption settings.
For example, Keiser et al. (2026) estimate the e ects of Safe Drinking Water Act loans by

comparing water systems receiving loans in earlier versus later years.

Figure 3 presents the dynamic event study version of equation (5.1), estimated with the
full set of controls. In the three years before origination, the estimates are close to zero
and statistically indistinguishable from zero, with no build-up towards the origination date.
This pattern supports the parallel trends assumption and is consistent with the cohort
balance documented in Table 3. In the origination year itself, the estimate is essentially
zero, consistent with the rst tax bill carrying the PACE assessment typically arriving after
origination. Delinquency then rises sharply: the estimates jump to roughly 0.15 percentage
points one year after origination and climb to roughly 0.25 percentage points by year three.
The timing is informative about the mechanism. The increase in delinquency materializes
precisely when the new assessment rst comes due, and, the continued growth of the estimates
indicates that additional borrowers keep entering delinquency in each post-origination year

rather than a one-time reclassi cation.

14Using the property-by-owner combination as the unit of analysis rather than individual properties helps
isolate cases where a property may have been in arrears on its taxes, after which the previous owner sold the
property, extinguishing the initial lien, and then the new owner who became a PACE borrower subsequently
defaulted on their property tax bill.
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Table 4 reports the corresponding pooled di erence-in-di erences estimates. Overall, we
nd that PACE take-up raises the probability that a borrower becomes tax delinquent. The
post-origination estimate is 0.1 percentage points and statistically signi cant at the 1% level,
and it is unchanged to three decimal places as property-characteristic bins and borrower
credit controls are added. This is unsurprising given that the design already conditions
on property xed e ects and compares eventual borrowers to one another, which absorbs
the negative selection into PACE documented in Figure 2. Relative to the pre-origination
delinquency rate of 0.7% among PACE borrowers, the pooled estimate represents a 14.3%
increase in the incidence of delinquency. These e ects apply to the household's entire property
tax bill because the PACE assessment is collected alongside theé valorem tax liability.
The results therefore indicate that the additional debt service burden dominates any relief

obtained by substituting PACE for more expensive credit.

We complement this analysis by instrumenting household PACE take-up with the staggered
adoption of PACE programs across Florida counties. County adoption determines when
PACE becomesavailable to a household, and its timing is driven by local government
decisions rather than by any individual household's nancial conditions. Conditional on
property and year xed e ects, the identifying assumption is that the county's adoption
date a ects a borrower's delinquency only through its e ect on the household's own take-up.
Supporting this design, Table 1 shows that local economic conditions do not predict
county-level PACE adoption. Table 5 reports the results. Panel A shows that the instrument
has substantial bite: county adoption raises the probability that a sample household holds
a PACE loan by 7.4 percentage points, and the Kleibergen{Paap F-statistic of roughly 29
across speci cations indicates that weak instruments are not a concern. Panel B reports the
second stage: instrumented PACE take-up raises the annual probability of tax delinquency
by 4.7 percentage points, statistically signi cant at the 1% level and stable across all three

control sets, with standard errors clustered at the county level.

19



The IV and stacked dierence-in-di erences coe cients are not directly comparable
because they identify dierent causal parameters. Our stacked design compares
earlier-treated units with later-treated units during periods in which the latter have
not yet received treatment. The resulting coe cient is therefore a weighted average of
cohort- and event-time-speci c treatment e ects, for earlier-treated cohorts, with weights
determined by the composition of the stacks and the event-time window. Identi cation relies
on parallel trends between earlier- and later-treated cohorts over the relevant untreated
periods. By contrast, the IV estimate exploits variation in treatment generated by the
instrument. Under the standard IV assumptions, it identies a LATE for compliers, that
is, units whose treatment status is changed by the instrument (Imbens and Angrist, 1994).
With heterogeneous treatment e ects, there is no reason for the treatment e ect among
earlier-treated cohorts to equal the treatment e ect among IV compliers. In addition,
the two estimators apply di erent weights across units, cohorts, and treatment margins.
Consequently, di erences in coe cient magnitudes need not re ect disagreement between

the designs. That said, the estimates are consistent in sign and broadly similar in magnitude.

Overall, these results con rm an important cost of PACE nancing. The program expands
borrowing capacity for constrained households, but the additional senior obligation causes
some borrowers to fall behind on their property taxes. Because seniority largely protects the
PACE lender from this risk, the resulting costs fall primarily on borrowers and, in the short

run, local governments.

5.2 Borrower Sorting into PACE versus HELOC Contracts

The conceptual framework in Section 3 predicts sorting across PACE and HELOCs on
borrower credit risk. Because a HELOC is junior to the existing mortgage, riskier borrowers
face higher borrowing costs and eventually tighter borrowing limits. PACE assessments,

by contrast, are senior to conventional claims and secured by the property. The model
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therefore predicts that households with strong credit use competitively priced HELOCs,
while riskier households with limited access to junior credit turn to PACE (Prediction
1). Because the property secures the PACE claim, this sorting should occur primarily on

borrower characteristics rather than collateral quality.

The two borrower pools occupy sharply di erent segments of the credit distribution. Figure
4 shows that PACE borrowers have an average credit score of 675, compared with 774 for
HELOC borrowers. Moreover, 44.9% of PACE borrowers are subprime (credit scere670),
compared with only 6.8% of HELOC borrowers. Figure 2 shows that this negative selection
extends across measures of nancial fragility. PACE borrowers are roughly four times more
likely to have a bankruptcy on their credit le, have substantially worse delinquency histories,
and have less available revolving credit. Moreover, their average bankcard credit limit is
$15,500, less than half thé&36,200 limit of HELOC borrowers, while their utilization rate is
38% rather than 22%. Together, these characteristics describe households up against their

borrowing constraints, precisely where the model predicts junior home equity capacity binds.

These di erences do not simply re ect where PACE programs operate. Conditioning on
census block xed e ects leaves the gaps nearly unchanged. The credit score di erence falls
only from 98 to 94 points, while the subprime gap falls from 38 to 36 percentage points. PACE

therefore sorts borrowers within neighborhoods rather than merely across neighborhoods.

In contrast, the collateral underlying the two loans is remarkably similar. Land area and
bedrooms are statistically indistinguishable, and the building size di erence shrinks to fewer
than 30 square feet within a census block. This borrower-collateral asymmetry is consistent
with the framework: PACE nancing reaches households with substantially weaker credit
without being concentrated in substantially weaker properties. PACE loans are also much
smaller, averaging$25,000 compared with$107,000 for HELOCs, consistent with PACE

providing project-sized nancing rather than broad home equity extraction.
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Taken together, the evidence supports the central sorting mechanism of the model. By
lending against the house rather than the household, PACE extends credit to nancially
fragile borrowers whom the junior home equity market prices out. Because this comparison
is descriptive, it cannot by itself separate borrower demand from lender screening: PACE
borrowers may prefer PACE, or they may have been rationed out of the junior market. The

pricing evidence in the next section makes the pure preference explanation unlikely.

5.3 The Pricing of PACE Loans

We now examine the pricing of PACE loans relative to conventional home equity credit. The
conceptual framework in Section 3 yields a distinctive prediction. Because PACE assessments
are senior to conventional claims on the property and are collected through the property tax
bill, the PACE lender's expected loss is largely insulated from borrower credit risk. Under the
risk-based pricing that characterizes junior home equity credit, PACE rates should therefore
command, at most, a modest premium over comparable credit and, importantly, should
exhibit little sensitivity to borrower creditworthiness. By contrast, if PACE pricing re ects
borrowers' outside options, then a di erent pattern should emerge. Households that cannot
obtain su cient conventional credit have limited alternatives when negotiating with PACE
providers that possess market power. In this case, PACE rates should include a premium
that cannot be accounted for by observable credit risk, and this premium should be largest
among borrowers with the weakest access to conventional credit. The empirical tests in this

subsection distinguish between these two mechanisms.

Figure 5 plots the distribution of interest rates at origination for PACE loans and for
HELOCs used towards home improvements in our matched sampfeThe two distributions
di er markedly. HELOC rates are centered around 5 percent, whereas PACE rates are

concentrated between 6 and 9 percent and exhibit a substantial right tail extending beyond

15See Appendix G for more details on how we conduct the matching.
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10 percent. A Kolmogorov{Smirnov test strongly rejects equality of the two distributions

(D =0:401,p < 0:001). The di erence in mean interest rates is 1.83 percentage points.

The unconditional di erence in interest rates is di cult to interpret in isolation. As Figure
2 shows, PACE borrowers are observably riskier than HELOC borrowers along nearly every
dimension that we measure. A junior lender serving the PACE borrower pool might therefore
also charge higher rates. To assess whether the observed pricing gap simply compensates

lenders for di erences in borrower risk, we estimate

where the dependent variable is the interest rate at origination of loan, measured in
percentage points, and® ACE- is an indicator equal to one for PACE loans and zero for
HELOCs. County xed e ects ¢ and origination-year xed e ects  restrict the identifying
comparison to loans originated in the same county and year, thereby absorbing local credit
market conditions and aggregate variation in market interest rates. The vectoX- always
includes the loan amount and progressively incorporates the borrower's credit characteristics
measured in the year preceding origination, including the credit score, major derogatory
events, credit le age, and the severe distress index. Subsequent speci cations &tdante
mortgage controls, including outstanding balances and contract terms, the tax assessed
property value, bins for housing characteristics, and counts @&x post permitted projects

by category. Standard errors are clustered at the property level.

Panel A of Table 6 reports the OLS results. Across speci cations, we nd a large PACE
interest rate premium that observable borrower risk does not explain. With year and county
xed e ects and loan amount as the only additional control in column 1, PACE loans carry
interest rates that are 2.63 percentage points higher than those on HELOCSs. This conditional

premium exceeds the unconditional di erence of 1.83 percentage points, indicating that
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di erences in the timing and geographic composition of originations compress rather than
generate the raw pricing gap. More importantly, adding borrower credit controls in column

2 leaves the estimated premium essentially unchanged at 2.59 percentage points. Further
saturating the speci cation with mortgage, housing, and project controls in columns 3
and 4 increases the estimated premium to 2.71 and 2.90 percentage points, respectively.
All estimates are statistically signi cant at the 1% level. If the PACE premium primarily
compensated lenders for expected credit losses, conditioning on borrower characteristics
that predict those losses should substantially reduce the estimated coe cient. Instead,
borrowers with similar observable risk pro les, equity positions, and project characteristics

pay substantially higher interest rates when nancing through PACE.

The fees associated with PACE nancing do not account for the observed rate premium.
We perform a conservative calculation in which fees equal 5% of the PACE balance and are
fully rolled into the principal, while assigning no comparable fees to HELOCSs. For the average
$25,000 PACE loan with a 20-year maturity and a 6.7 percent interest rate, the standard
xed-rate amortization formula implies an annual payment of approximately$2,305. If 5
percent of the nanced balance consists of fees, so that the borrower recei$28,750 in net
proceeds, the same payment stream implies an annualized borrowing cost of approximately
7.36 percent. Thus, even under this deliberately conservative assumption, fees add at most

about 66 basis points to all-in PACE borrowing costs.

We next examine the framework's distinctive cross-sectional prediction. If the PACE
premium re ects borrowers' outside options rather than lender exposure to credit risk,
the premium should be largest among borrowers with the weakest access to conventional
credit. This heterogeneity test also helps address a natural concern with interpreting the
average premium reported in Panel A of Table 6. PACE loans di er from HELOCs along
several dimensions other than seniority, including longer maturities, contractor-mediated

origination, and underwriting that relies more heavily on home equity than on income.
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Such product-level dierences could account for part of the average pricing di erential.
Because these features are common across PACE borrowers, however, they may shift the
average level of the premium without necessarily generating systematic variation in the
premium across borrower types. Cross-sectional variation therefore provides a sharper test
of the underlying mechanism. Under a risk-based pricing interpretation, the seniority of
PACE claims implies that the premium should not increase substantially with borrower risk.
Under the outside-option mechanism, by contrast, the premium should increase as access to

conventional credit deteriorates.

Panel B of Table 6 tests this prediction by interacting the PACE indicator with an indicator
for subprime borrowers, de ned as borrowers with a credit score below 670 in the year prior
to origination. Three results emerge. First, within the same county and year, prime borrowers
pay a substantial PACE premium of between 247 and 279 basis points. Thus, even households
that plausibly have access to competitively priced HELOC credit pay considerably more when
nancing through PACE. Second, the interaction term indicates that the PACE premium
is between 0.28 and 0.35 percentage points larger for subprime borrowers, corresponding
to an increase of approximately 11 to 14 percent relative to the premium paid by prime
borrowers. The interaction coe cient is positive in all four speci cations and statistically
signi cant. Third, the additional controls absorb some of the variation associated with
subprime status, which may attenuate the interaction coe cient. Nevertheless, it remains

positive and statistically signi cant across speci cations.

The economic magnitudes are substantial. Applying the column 4 estimate of a 290 basis
point premium to the average PACE origination amount of approximately$25,000 implies
roughly $725 in additional annual interest payments relative to HELOC nancing. This
amount is one-third of the average annual PACE assessment payment $#,305. For the

average subprime borrower, the implied excess payment is larger still.
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Taken together, the pricing evidence suggests that the PACE premium re ects providers'
ability to extract surplus from borrowers with limited outside options rather than
compensation for credit risk. Consistent with this interpretation, the premium is largest

among lower credit quality households for whom PACE most relaxes nancing constraints.

5.4 Capitalization of PACE Loans into House Prices

We next examine whether PACE- nanced investments are capitalized into property values.
Under the Modigliani{Miller benchmark, the seniority of a PACE claim should only
redistribute value across creditors rather than increase the value of the underlying property.
Prediction 4 of our framework provides two reasons capitalization may nevertheless occur:
PACE restricts nancing to eligible projects and approved contractors, shifting investment
towards higher-value improvements, and it enables nancially constrained households to
undertake projects that otherwise would not occur. Both channels predict that property
values should rise following PACE origination, with larger e ects for investments that

generate greater bene ts to homeowners, such as climate-proo ng retro ts.

The e ect of PACE on house prices is far from mechanical. First, PACE can create a
mortgage market friction because properties with an outstanding PACE lien are generally
ineligible for mortgages purchased or guaranteed by the GSEs unless the obligation is repaid,
which can shrink the pool of potential buyers and depress sale prices (Millar and White,
2024). Second, the market value of an improvement need not equal its cost, particularly
when projects generate consumption or non-pecuniary bene ts for the current homeowner
that prospective buyers value less. Finally, restrictions on approved contractors may weaken
competition, raise project costs, or reduce quality. Through any of these channels, the value
created by a PACE- nanced improvement may fall short of its nanced cost, making the net

e ect on house prices small or even negative.

To estimate these e ects, we use CotalityDwner Transfers transactions over a symmetric
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seven-year window around PACE origination, merged with property characteristics from
Cotality Tax. Because PACE borrowers are selected relative to other households, we restrict
the sample to properties that eventually receive a PACE loan and compare each origination
cohort with not-yet-treated properties whose PACE loan originates more than three years
later. This design identi es the dierential change in property values when a borrower
exercises their PACE nancing option and undertakes the associated investment, relative

to borrowers who leave the option unexercised until later.

We estimate the capitalization e ect using a stacked dierence-in-di erences design
following Cengiz et al. (2019):
log(Priceic;;t) = PACEjc: +

8 Xi;t 1t z;c+ m;c+ IIi;c;t (53)

where the dependent variable is the log arms-length transaction price of propeityn ZIP
codez sold in yeart and associated with PACE borrower cohortc, and PACE;: is an
indicator equal to one for transactions occurring after property receives a PACE loan
and zero for transactions occurring beforehand. The sample consists of owner-occupied,
single-family properties. All xed e ects and controls are interacted with the stacked
cohort and include ZIP code, sale month, and sale sequence xed e ects, bins of property
characteristics (building square footage, bedrooms, stories, and e ective year built), and
borrower credit characteristics (credit score, major derogatory events, credit le age, and

the severe distress index). Standard errors are clustered at the property level.

The within-treatment-group comparison is credible only if earlier and later PACE
cohorts are drawn from similar populations. Table 3 supports this premise. Across cohorts,
standardized di erences in credit score, derogatory events, credit le age, nancial distress,
and property characteristics are small, all well below the conventional 0.25 threshold of

Imbens and Wooldridge (2009), and mostly shrink further once we compare cohorts within
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the same census block (\adjusted" columns). To the extent that modest di erences remain,
notably in property square footage and number of bedrooms, we include the corresponding

observables in equation (5.3) as controls.

Figure 6 presents the event study. Price di erences between treated and not-yet-treated
properties are modest and insigni cant before origination and show no build-up towards
treatment. The capitalization e ect emerges after origination; the estimate is small and
statistically insigni cant in the origination year, then rises to 0.047 after one year, 0.055 after
two years, and 0.092 after three years. This timing is consistent with the permit evidence
in Section 4.2, since PACE- nanced improvements are generally completed within a year of

origination.

Table 7 reports the pooled dierence-in-di erences estimates. Across speci cations,
properties sell at a signi cant premium following PACE origination, with coe cients ranging
from 0.052 to 0.063. Our preferred estimate implies that post-origination sale prices are
approximately 100 (exp(0:060) 1) 6:2% higher than those of comparable not-yet-treated

properties.

The stability of the estimates across columns also helps address several alternative
interpretations of the capitalization e ect. First, the estimated premium could re ect
di erences in the composition of properties sold before and after PACE origination rather
than the value of the nanced improvement itself. If post-origination transactions involved
systematically larger, newer, or otherwise higher-quality homes, the coe cient should fall
once we compare properties with similar observable characteristics. Column 2 therefore
adds detailed bins for building square footage, number of bedrooms, number of stories, and
e ective year built. The last of these controls is particularly demanding because assessors
update e ective year built following major renovations, so this control may absorb part of

the improvement generated by PACE. Second, the premium could arise mechanically from
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repeat sale patterns. Post-origination transactions occur later in a property's sales history,
and frequently traded properties may appreciate di erently for reasons unrelated to PACE.
Sale sequence xed e ects address this concern by comparing transactions occupying the
same position in the property's transaction history. Third, di erences in sellers' nancial
condition could a ect observed sale prices. Financially distressed households may accept
lower prices to sell quickly, while nancially stronger households may be better able to
maintain the property or undertake complementary renovations. Column 3 therefore controls
for pre-origination credit score, major derogatory events, credit le age, and nancial distress.
Despite targeting these three distinct channels, the coe cient moves only from 0.052 to 0.060
while the adjustedR? rises from 0.469 to 0.590. The capitalization e ect is therefore di cult

to attribute to di erences in housing quality, transaction history, or seller nancial condition.

We formalize the stability of the estimated capitalization eect using the
selection-on-observables framework of Oster (2019). The intuition is that the limited
movement in the coe cient as increasingly rich controls are added can be used to assess
how strongly selection on unobservables would have to operate to eliminate the estimated
e ect. The results, reported in Table 8, indicate that unobserved heterogeneity would need to
be substantially stronger than selection on observables and operate in the opposite direction

to explain away the capitalization estimate.

Speci cation curve. The capitalization estimate depends on the conditioning set of variables.
Our baseline already controls for property and borrower credit characteristics, but other
observable di erences may account for the estimated price premium. We therefore go beyond
the baseline and add new control blocks, includingx ante and ex postimprovement type,
census block xed e ects, and mortgage terms and amounts. We estimate every combination
of the six blocks and report the full distribution of 63 estimates in Figure 7, following
Cookson (2018). All speci cations retain the core design, namely, cohort-interacted sale

month, sale sequence, and ZIP code xed e ects, and use the fully saturated model's
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sample. Importantly, some additional controls may absorb the economic e ect we seek to
measure.Ex post permit controls address the possibility that PACE borrowers undertake
additional projects around origination, beyond the PACE- nanced improvement, and that
these renovations explain higher sale prices. Yet permits around origination also capture
PACE- nanced projects themselves. Our prediction is that PACE raises property values
partly by enabling investments that otherwise would not occur and shifting households
towards higher-value eligible improvements. Conditioning orex post project type may
therefore remove part of this capitalization channel along with the confounding e ect of
additional renovations. Similar concerns apply to mortgage outcomes measured at sale,
e ective year built following major renovations, and census block xed e ects if capitalization
spills over to nearby homes. By contrasigx anteimprovement type is clearly predetermined,
so the most saturated speci cations should be viewed as deliberately conservative. The
capitalization e ect nevertheless survives all of them: all 63 estimates are positive and
statistically signi cant at the 5% level, ranging from 0.048 to 0.093, with a median of
0.062. Our preferred estimate of 0.060 lies near the center of the distribution, while the

fully saturated model yields 0.067.

Which projects are capitalized? The project composition channel in Prediction 4 has
a distinctive cross-sectional implication: if capitalization re ects the value generated by
the nanced improvement rather than the nancing itself, the premium should vary
systematically with the nature of the retro t. Table 9 supports this prediction. Properties
with climate-proo ng improvements to the building envelope exhibit a coe cient of 0.074,
compared with 0.052 for other properties. Similarly, the premium is 0.070 in coastal areas
compared with 0.046 inland, consistent with resilience improvements being more valuable
where storm exposure is greater. By contrast, the estimate for properties with solar permits
is statistically indistinguishable from zero, consistent with the literature that shows a low

capitalization e ect of solar panels (e.g., Gillingham and Watten, 2024).

30



Economic magnitudes.Evaluated at the average sale price d§266,548 (Table 2), the 6.2%
average post-origination premium corresponds to $26#8 (exp(0:060) 1) = $16;482, or
66% of the average PACE origination amount 0$25,000 in this subsample. Capitalization

of this magnitude also matters for the PACE lender's collateral and for incumbent mortgage
holders. Because the average PACE loan-to-value ratio is only 10%, a household that cannot
service the assessment out of cash ow can generally sell the improved property and retire
the obligation in full. This fact helps explain why we do not observe any tax foreclosures in

our sample after submitting FOIA requests for each county's lien auction records.

Tax assessed valuesTransaction prices are observed only for properties that sell, so we
complement the sale price analysis with annual tax assessments observed for all PACE
properties. We focus on the assessed improvement value, which isolates the assessor's
valuation of structures from land and directly determines the property tax base used

in Section 6.2. We estimate the same stacked di erence-in-di erences design on annual
assessments of owner-occupied, single-family properties, comparing each PACE origination

cohort with not-yet-treated borrowers.

Table 10 shows that assessed improvement values increase by approximately 1.5%
following PACE origination, with estimates of 0.014{0.015 across speci cations. Because
these assessments are observed annually for all properties, this result is not driven by selection
into sale and con rms that PACE- nanced investments increase the assessed value of the
physical structure itself. The smaller response relative to the 6.2% transaction price e ect
is consistent with the statutory cap on annual assessment growth in Florida, which allows

assessed value to converge to market value only graduafly.

Re nancing. The increase in property values generated by PACE investments may o set a

®Fla. Const. art. VII, § 4(d) and Fla. Stat. § 193.155(1) limit annual growth in the assessed value of
homestead property to the lesser of 3% or the change in the CPI-U; Fla. Const. art. VII,§ 4(g) and Fla.
Stat. §8§193.1554{193.1555 impose a 10% cap on non-homestead property. Assessed value resets to just value
only upon a change of ownership § 193.155(3)).

31



potential re nancing friction created by the senior lien. Because a mortgage generally cannot
be sold to the GSEs while a PACE assessment retains senior priority, a borrower seeking
to re nance into a conforming mortgage may need to repay the outstanding assessment. If
this requirement meaningfully constrains re nancing, PACE origination should reduce the

probability that the same property-owner pair subsequently re nances its mortgage.

We test this prediction using the stacked di erence-in-di erences design above, replacing
the outcome with an indicator for whether the property-owner pair re nances in each period.
The identifying comparison asks whether re nancing falls after PACE origination for treated
households relative to otherwise similar households that have not yet originated PACE. We
nd no such decline. The post-origination estimates in Table 11 are close to zero and precisely
estimated, with 95% con dence intervals ruling out changes in the cumulative probability of

re nancing greater than roughly 0.45 percentage points in absolute value.

We then restrict the sample to conforming mortgages, for which the GSE restriction should
generate the strongest re nancing friction. Table A.1 of the Online Appendix again shows
economically negligible e ects, ruling out declines larger than roughly 0.4 percentage points.
Thus, even where the institutional constraint should bind most strongly, PACE does not
appear to reduce re nancing. This nding is consistent with the increase in collateral value

generated by the nanced improvements o setting the additional senior claim.

Taken together, the transaction price and assessment results support the capitalization
prediction of our framework. Property values rise following PACE origination, with the
largest e ects for climate-proo ng investments, and the increase is also re ected in the
assessed value of the underlying structure. The evidence therefore indicates that PACE

nances value-creating improvements.
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6 Discussion of Cost-Benefit Implications

We assess PACE's impact on homeowners insurance premia and use our estimates to quantify

its e ect on local property tax revenues.

6.1 Pass-Through to Homeowners Insurance Premia

We next examine whether the capitalization of PACE- nanced projects re ects the cash ows
they generate. While most bene ts from home improvements are unobservable, homeowners
insurance premia provide an observable payo . Florida Statute§627.0629 requires insurers
to discount premia for wind-mitigation measures such as impact-resistant windows and roof
reinforcement, two common PACE- nanced improvements. Using administrative data from
the Florida O ce of Insurance Regulation, we exploit staggered county adoption of PACE in

a stacked di erence-in-di erences design. Because premia are measured at the county level,

the estimates capture an intent-to-treat e ect.

Table A.2 shows that PACE adoption reduces homeowners insurance premia by 2.8%
to 4.6%, with somewhat larger e ects for wind-only policies and similar estimates when
excluding Citizens Property Insurance Corporation, the state-run insurer. Figure 8 shows no
di erential pre-trends and a gradual decline reaching 5.5% ve years after PACE passage,
consistent with the accumulation of hardening improvements. In Online Appendix |, we
conduct two additional tests to strengthen this interpretation. First, to rule out changes in
insurer composition across counties, a shift-share design holding insurers' county exposure
xed at 2009 levels yields similar results (Table 1.1). Second, to test whether hardening
a ects insurance availability, we show that PACE adoption slows the growth of Citizens'

local market share (Table 1.2), with no evidence of di erential pre-trends (Figure 1.1).

We can now relate the cash ow savings from reduced premia to our estimated

capitalization e ects using a standard Gordon growth formula applied to an in nitely lived
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asset, under which the long-run discount rate equats= Premium= P. For our preferred
estimate in column 3 of Table A.2 which uses the full sample, county average wind premia
decline by 100 (exp( 0:032) 1) = 3:1%, or $56 per insured home per year at the
average annual wind premium o$1,785. Attributing the entire county-level decline to PACE
borrowers and scaling by the 7.4% rst-stage take-up rate from county-level PACE adoption
from Table 5 yields annual premium savings of P remium = $757 per borrower. Comparing
this gure to the average price increase upon sale of P = $20,473 for PACE-funded
climate-proo ng projects based on Table 9 implies a discount rate of 3.7%. Using instead
the upper bound of our house price capitalization estimates from the speci cation curve in
Figure 7 ( P = $26,066) lowers the implied rate to 2.9%. The lower bound of our discount
rate estimates is therefore close to the 2.6% rate reported by Giglio et al. (2015) for leasehold

contracts and the 2.7% rate computed by Ge et al. (2025a) for ood insurance costs.

If homeowners have rational expectations about future increases in their insurance costs,
the pro-rated growth in savings will also be capitalized into house prices. Suppose the annual
premium savings from a climate-proo ng PACE project grow at a rate consistent with
historical premium in ation during the pre-COVID period from 2015 to 2019: 3.9% average
year-on-year growth for wind-damage policies in the QUASR datd. Applying this growth
factor adds 4.1 percentage points to each discount rate above, for a range of 7.0% to 7.8%.
Some of the capitalization may additionally re ect the energy savings of climate-proo ng
projects. A new roof or set of windows also improves the e ciency of air conditioning (Figure
A.1). Incorporating utility cost savings would imply slightly greater discount rates still.
Overall, these calculations show that the premium savings generated by PACE- nanced
climate-proo ng can rationalize the observed house price capitalization at discount rates

within the range reported in the real estate literature, supporting external validity.

This assumption is conservative to the extent that average premia have increased dramatically in Florida
since 2019, tripling between 2019 and 2023 by some estimates (Bloomberg, 2024).
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6.2 Local Property Tax Revenues

By contrasting the bene ts of capitalizing PACE loans into house prices with the potential
costs of increasing delinquency rates, the evidence presented above highlights the tension
surrounding the introduction of PACE programs, as raised by policymakers and regulators.
We perform a simple back-of-the-envelope calculation to assess the direct net bene t (cost)

of PACE from the perspective of the local tax o ce:

Ryt = Ias ( |—|?Et:} | Dt;Tzl P} ) (6.1)

e ective tax rate capitalization e ect revenue lost from delinquency

where Ry41 IS the change in local property tax revenue. The rst term in (6.1) represents
the bene t of PACE, which is the positive change in revenues due to the average increase in
home values. We subtract from the capitalization e ect revenues lost from an uptick in the
delinquency rate Dy+1 on the prior year's tax bill. This is a short-run revenue calculation
to the extent that local governments always eventually recover back taxes through the tax

lien auction or foreclosure process, with a lag of up to one year in Florida (LaPoint, 2023).

Evaluating equation (6.1) using our estimates from Sections 5.1 and 5.4, we calculate an
average net tax bene t of betweer$186 and$251 per borrower-year. To calculate county-level
e ective tax rates 1, we follow the methods of Horton et al. (2024). Since our estimates
of the capitalization e ects of PACE are in terms of market prices, we use an e ective tax
rate (ETR), which is equal to the tax bill divided by the sale price. In contrast, a statutory
tax rate is the tax bill divided by the tax assessed value. We use the pre-COVID period
overlapping with our PACE loan sample (2015{2019) to calculate tax rates to avoid any
mis-measurement related to tax assessments being delayed by the pandemic. We nd the
average Florida county levies a 1.15% ETR,; if we instead drop extreme transaction values

at the 1% tails of the distribution, the average ETR is 1.24%.
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Based on our estimates in Section 5.1 and Section 5.4 and ETRs across Florida counties,
the potential net e ect on local tax income is 115% ($16,482 0:001 $266548) = $186
at the lower end. The analogous scal gains if we further restrict to capitalization due to
climate-proo ng projects (column 2 of Table 9) are 15% ($20,473 0:001 $266548) =
$232, or$251 if we adopt a 1.24% average ETR. The average property sales price in our
estimation sample is$266,548. We use the three-year change in the delinquency rate of 0.1
p.p. from our di erence-in-di erences estimates of Table 4 in this calculation. Note that this
calculation excludes broader local economic and environmental spillovers, including e ects on
local economic activity and reductions in environmental externalities. We therefore interpret

it as a direct scal calculation rather than a comprehensive welfare analysis.

7 Conclusion

Property Assessed Clean Energy (PACE) programs expand credit to nancially constrained
homeowners and enable investments that increase property values and reduce homeowners
insurance costs, but these bene ts come with important costs. PACE loans have substantial
premia, especially to borrowers with weak outside nancing options, and PACE borrowing
increases property tax delinquency. These ndings highlight both the promise and the limits
of using debt contract design to nance household climate investment. Giving lenders senior
claims can expand credit without subsidizing borrowing, but it can also shift repayment risk
towards nancially fragile households and give providers greater scope to extract surplus.
For local governments, the resulting expansion of the property tax base more than o sets
short-run delinquency losses, generating potential net scal gains of rough250 per PACE
borrower annually. More broadly, PACE does more than add a senior claim to the household
balance sheet: it enables value-creating investments while redistributing the resulting gains

and risks across borrowers, lenders, insurers, and local governments.
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Several caveats are important when interpreting these results. PACE is not a uniform
program, and its implementation varies across jurisdictions in eligibility requirements,
underwriting standards, consumer protections, and program administration. Our analysis
studies the Florida residential PACE program, whose institutional design and housing and
insurance markets di er from those of other states. The e ects of PACE may therefore depend
on the speci c contractual and regulatory environment in which the program operates. In
addition, our analysis focuses on the direct e ects of PACE on participating households
and local governments and abstracts from peer and other general equilibrium e ects.
For example, PACE- nanced improvements may a ect neighboring households' investment
decisions, contractors' employment, or nearby property values. Quantifying these spillovers
and understanding how alternative PACE designs shape the allocation of bene ts and costs

are important directions for future research.
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FIGURE 1. PACE Program Size and County-Level Adoption in Florida
A. Total Amount of PACE Loans Originated

B. County-Level Adoption of Florida Residential PACE Programs

Notes: Panel A plots the cumulative amount of loans (in millions of nominal U.S. dollars) originated from the
residential PACE programs between 2011 and 2023. Residential PACE programs are available in California,
Florida, and Missouri. Source:https://www.pacenation.org/pace-market-data/ . Panel B provides a map
of Florida counties that have adopted residential PACE programs as of December 2023. We classify counties
into ve categories: \Adopted" if PACE is adopted and currently enabled; \Uno cial" if there is no o cial
adoption of PACE but PACE lenders have originated loans to properties in that county; \Not adopted" if
PACE has not yet been adopted; \Repealed" if the county adopted PACE at one point but lenders withdrew
due to legal challenges; \Unknown" if adoption information is not yet available and we have no record of
PACE loans originated in those counties. 42



FIGURE 2. Comparison of Household and Property Characteristics for
PACE vs. HELOC Borrowers

Notes: This gure compares the characteristics of borrowers who nanced home improvements with a PACE
loan and borrowers with a home equity line of credit (HELOC). To conduct this comparison, we measure
all characteristics as of the last credit bureau archive preceding the year of loan origination for each loan
product. Hollow markers report the unconditional di erence in means between PACE and HELOC borrowers;
solid markers report the di erence in means within census blocks, estimated as the coe cient on a PACE
indicator in a regression with census block xed e ects. The x-axis expresses both di erences as normalized
di erences: the di erence in means scaled by the pooled standard deviation of the two groups. Borrower-level
credit variables (Credit score, Trades w/ major derogatory, revolving limit ex. HELOC, bankcard utilization,
bankruptcy ever, subprime status, delinquency history, credit le age, and the severe distress index) come
from Equifax credit bureau archives. Property-level variables (building and land square footage, bedrooms,
number of stories, and property age) come from the Cotality tax roll. The sample comprises PACE and
HELOC borrowers in owner-occupied, single-family Florida homes. All di erences are statistically signi cant
at the 1 percent level, both raw and within census block, with the following exceptions: year built (5 percent
raw, 1 percent within block); number of stories (5 percent raw, not signi cant within block); bedrooms and
land square feet (not signi cant in either speci cation).
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FIGURE 3. Dynamic Event Study: Impact on Property Tax Delinquencies

Notes: This gure plots the dynamic event study version of equation (5.1), estimated with property and year
xed e ects, property characteristic bin xed e ects, and borrower credit controls, using properties that
have not yet received a PACE loan as the control group. All xed e ects and borrower credit controls are
interacted with stack xed e ects. The outcome is a delinquency ag equal to one if the property-by-owner
combination has a local tax lien involuntarily and newly placed on it in year t, indicating a missed property
tax payment. Time on the x-axis is measured in years relative to PACE loan origination ¢ = 0), and
coe cients are normalized relative to the omitted reference periodt = 1. Bars indicate 95% con dence
intervals with standard errors clustered at the property (APN) level.
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FIGURE 4. Comparison of Credit Scores for PACE Loans vs. HELOCs

Notes: This gure plots the distribution of credit scores for Florida PACE borrowers and a comparison
group of Florida HELOC borrowers. Credit scores are measured in the year preceding origination: the year
prior to the PACE assessment tax year for PACE borrowers, and the year prior to the origination year
for HELOC borrowers. Measuring scores prior to origination ensures that the comparison re ects borrower
creditworthiness at the time of the nancing decision and is not contaminated by the e ect of the loan itself
on subsequent credit outcomes. Both distributions are plotted as densities using a common bin width of 10
points beginning at 300, so that the two groups remain comparable notwithstanding di erences in sample
size.
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FIGURE 5. Comparison of Interest Rates for PACE Loans vs. HELOCs

Notes: This gure plots kernel density estimates of the distribution of interest rates at origination for PACE
loans and for home equity lines of credit (HELOCS) used towards home improvement, measured in percentage
points. The unit of observation is a loan. For PACE loans, the interest rate is imputed from the property
tax amortization schedule as the weighted average of the rates implied by 15-, 20-, and 30-year terms, with
weights of 0.25, 0.50, and 0.25, respectively; for HELOCSs, the interest rate is the rate at origination reported
in HMDA for Florida home improvement loans matched to the Cotality tax roll. The sample is restricted

to owner-occupied, single-family properties with a non-missing interest rate and a matched Equifax credit
bureau record in the year prior to origination. The gure reports the Kolmogorov{Smirnov test statistic for
the equality of the two distributions and the di erence in mean rates (PACE minus HELOC) together with

its standard error and p-value.
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FIGURE 6. Dynamic Event Study: Capitalization of PACE Lending into House Prices

Notes: This gure plots the dynamic event study version of equation (5.3), estimated on the speci cation in
column 3 of Table 7 using the stacked di erence-in-di erences estimator of Cengiz et al. (2019) and Baker et
al. (2022), in which properties that have not yet received a PACE loan serve as the control group for currently
treated properties. The dependent variable is the log arms-length transaction price. Time on the x-axis is
measured in years relative to PACE loan origination (t = 0). All xed e ects and controls are interacted with

the stacked cohort and comprise cohortO sale month, cohort O 5-digit ZIP code, cohort O sale sequence
number, and cohort O property characteristic bin xed e ects, plus cohort-interacted borrower credit controls

as described in Section 5.4. The sample is restricted to owner-occupied, single-family properties. Bars indicate
95% con dence intervals with standard errors clustered at the property (APN) level.
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FIGURE 7. Speci cation Curve: Robustness of House Price Capitalization Results

Notes: This gure reports the di erence-in-di erences coe cient on the post-treatment indicator across
63 alternative speci cations, estimated by OLS on a stacked panel of cohort sub-experiments, following
Cookson (2018). The dependent variable in every speci cation is the log sale price of a property; the unit
of observation is a property sale within a cohort sub-experiment. Treatment is a PACE loan attached to
the property, and the control group is composed of not-yet-treated properties. We hold xed the sample
across all speci cations to correspond to the set of observations used in the fully saturated model. Every
speci cation absorbs sale month cohort, sale sequence cohort, and ZIP code cohort xed e ects. The
six control blocks listed on the vertical axis are then switched on and o in all 2 combinations, and the
cell containing no block is omitted. Mortgage controls are the terms and amounts of purchase, construction,
home equity, and re nance mortgages, entered as continuous regressors interacted with cohofx ante and
ex postimprovement-type xed e ects distinguish the categories of home improvement nanced before and
after the sale, respectively. Property characteristics are quartile bins of building square footage, dummies
for number of bedrooms, number of stories, and quartile bins of e ective year built. Borrower credit controls
are the credit score, share of accounts in major derogatory status, credit le age, and the severe distress
index, measured at the property-year level. The vertical position of each marker in the upper panel gives
the estimated coe cient; the lower panel indicates with a lled dot which blocks enter that speci cation.
The horizontal axis orders speci cations by the number of blocks included, so the leftmost speci cation is
the sparsest and the rightmost is the fully saturated model. Filled markers denote estimates signi cant at
the 5% level; hollow markers denote estimates that are not. Robust standard errors clustered by property
(APN) in all speci cations.
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FIGURE 8. Dynamic Event Study: County-Level PACE Adoption E ects on Homeowners
Insurance Premia

Notes: This gure plots the reduced-form e ects of county-level PACE adoption on homeowners insurance
premia from event study di erence-in-di erences regressions, estimated via the Cengiz et al. (2019) stacked
estimator. The dependent variable is the log annual home insurance premium for wind-damage policies
on owner-occupied residences at the county level. We weight observations by their lagged county-level
population. Time on the x-axis is measured in years relative to PACE program adoption { = 0). We use
dates on which o cial PACE ordinances or the rst interlocal agreements are enacted to assign treatment
timing. To compute average county-level premia, we collapse the data after rst isolating contracts which
only o er protection against damages from wind. Bars indicate 95% con dence intervals with standard errors
clustered by county.
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TABLE 1. Determinants of PACE Adoption at the County Level

Dep. variable: PACE Adopted 1) 2) 3) 4 (5) (6)
Population -0.011 0.005 -0.470 -0.070 0.457 0.111
(0.070) (0.071) (1.012) (0.982) (1.362) (0.983)
Household median income 0.735 0.500 -0.244 -0.236 -0.001 -0.148
(0.348) (0.397) (0.341) (0.334) (0.427) (0.334)
% Bachelor's degree or higher -1.890 -1.808 1.592 1.227 1.553 1.316
(0.782) (0.778) (2.300) (2.206) (1.380) (1.164)
% Black 0.746 1.763 1.090 0.841 -0.826 0.093
(2.505) (2.374) (2.590) (2.505) (4.040) (2.490)
% Latino 1.126 1.820 -1.566 -0.721 -5.305 -2.846
(2.180) (2.067) (7.204) (6.824) (8.790) (6.657)
% White 0.734 1.915 -4.792 -1.394 -5.562 -3.184
(2.171) (2.033) (4.791) (5.033) (6.930) (4.962)
Unemployment rate -4.364 -4.046 -0.931 -1.259 -0.894 -0.926
(1.435) (1.248) (1.212) (2.209) (1.294) (1.127)
Municipal debt/Revenue 0.017 -0.005 -0.014 -0.021 0.005 -0.018
(0.038) (0.039) (0.027) (0.026) (0.024) (0.024)
Democratic leaning 1.322 0.535 -0.607 -0.928 -1.338 -1.235
(0.635) (0.584) (2.076) (0.959) (1.241) (2.002)
Neighbor PACE 0.051 -0.048 0.065 0.045 0.006 0.065
(0.104) (0.099) (0.085) (0.086) (0.077) (0.083)
#Declared natural disasters 0.132 0.097 -0.009 -0.015 -0.018 -0.024
(0.025) (0.027) (0.027) (0.028) (0.036) (0.027)
Abnormal property damage -0.000 -0.000 -0.000 -0.000 -0.001 -0.000
(0.001) (0.001) (0.000) (0.000) (0.001) (0.000)
Climate concerns 0.036 0.021 0.029 0.020
(0.012) (0.019) (0.021) (0.018)
Assessor turnover 0.001 -1.250 -1.367
(0.724) (0.515) (0.697)
Assessor turnover Climate concerns -0.000 0.023 0.025
(0.013) (0.009) (0.013)
Retirement turnover -1.719
(0.681)
Retirement turnover Climate concerns 0.031
(0.011)
Sample All All All All Pre-2020 All
Observations 466 466 466 466 344 466
R-squared 0.343 0.384 0.710 0.726 0.692 0.730
County FE X X X X
Year FE X X X X

Notes: This table examines whether a county's local conditions predict PACE adoption. The dependent
variable, Adopted., equals one if a countyc has adopted PACE in yeart. Columns 1{2 report cross-sectional
regressions; columns 3{6 add county and year xed e ects. Standard errors are reported in parentheses and
clustered at the county level. County population is from the Census; Black, Latino, and White population
shares, household median income, education attainment, and unemployment rate are from annual American
Community Survey estimates; county-level debt-to-revenue ratio is from Willamette University's Government
Finance Database; Democratic leaning is the vote share for the Democratic presidential candidate in the most
recent election (Florida Department of State); Neighbor PACE is a dummy variable equal to one if at least
one neighboring county has an e ective PACE program in yeart; \climate concerns" is the share of people
who are worried about global warming (Yale Program on Climate Change Communication surveys); Assessor
turnover (Retirement turnover) equals one in the year a new county appraiser assumes o ce (following the
predecessor's retirement); # Declared natural disasters is the number of FEMA-declared disasters in year
t 1; Abnormal property damage is the deviation of per capita property damage (SHELDUS) int 1 from its
1960{2008 mean. We identify retirement-related turnover by matching assessors to their L2 voter registration
le and determining whether they are over age 62 (the age at which Florida state pensions vest) at the time
they leave their o ce. p< 00l p<005 p<O0l.



TABLE 2. Summary Statistics for House Price and Insurance Samples

Panel A: Individual data

Mean SD P25 P75

Credit score 631.70 157.74 568.00 748.00
Revolving limit ex. HELOC 24,183.82 34,047.38 1,500.00 34,526.50
Bankruptcy ever 0.07 0.25 0.00 0.00
Share with major derogatory 0.13 0.98 0.00 0.00
Credit le age (months) 185.17 127.25 100.00 259.00
Severe distress index 1.16 0.61 1.00 1.00
Building area (sq. ft.) 1,731.92 639.72 1,310.00 2,002.00
Bedrooms 3.09 0.80 3.00 3.00
Lot size (sqg. ft.) 11,336.13 30,995.29 6,000.00 10,000.00
Stories 1.15 0.36 1.00 1.00
Sale price (conditional on selling)  266,548.74  206,165.25 153,699.95 328,999.84
Year built 1,976.41 18.27 1,960.00 1,991.00
Observations 1,681,344

Panel B: County-level Insurance Analysis
log(Premium).; (all) 7.469 0.282 7.265 7.634
log(Premium).; (wind) 7.485 0.300 7.268 7.660

Observations

680

Notes: This table reports the summary statistics of the key variables used in the analysis (Panel A) and in
the insurance premia analysis (Panel B). P25 and P75 denote the 25th and 75th percentiles.
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TABLE 3. Balance Tests Comparing Early vs. Late PACE Borrower Cohorts

A. Di erences

Group means Di erence

Early Late Unadjusted Adjusted
Credit score 639.40 638.62 0.79 1.07
Trades w/ major derogatory (%) 0.10 0.11 0.010 0.011
Credit le age (months) 190.25 191.07 0.82 0.21
Severe distress index 1.07 1.11 0.041 0.052
Building area (sg. ft.) 1,760.51 1,712.09 48.42 32.79
Bedrooms 3.05 3.11 0.066 0.030
Lot size (sg. ft.) 12,096.05 10,855.10 1,240.95 328.11
Stories 1.15 1.15 0.003 0.006
Year built 1978.08 1976.12 1.95 0.04
Observations 65,478
B. Standardized Di erences (Z-Scores)

Group means Di erence

Early Late Unadjusted Adjusted
Credit score 0.16 0.154 0.005 0.007
Trades w/ major derogatory (%) 0.05 0.041 0.010 0.011
Credit le age (months) 0.13 0.139 0.007 0.002
Severe distress index 0.18 0.113 0.064 0.083
Building area (sq. ft.) 0.06 0.019 0.077 0.052
Bedrooms 0.06 0.018 0.082 0.037
Lot size (sg. ft.) 0.03 0.011 0.045 0.012
Stories 0.01 0.002 0.008 0.017
Year built 0.08 0.026 0.106 0.002
Observations 65,478

Notes: This table reports balance tests comparing the pre-treatment characteristics of early and late cohorts
of PACE borrowers. The unit of observation is a property{borrower pair, measured once in the calendar year
preceding the origination of the property's PACE loan. Early cohorts originate their PACE loan before the
sample median and late cohorts after the sample median; every observation in the table is an eventual PACE
borrower, so the comparison is between treated properties and the not-yet-treated properties that form the
control group in the di erence-in-di erences speci cations. Panel A reports characteristics in levels. Panel B
expresses each variable as a z-score, standardized by the mean and standard deviation of the borrower panel,
so that di erences are measured in standard deviations of the pooled distribution. In both panels, columns
1 and 2 report the group means; column 3 reports the unadjusted early-minus-late di erence clustered
at the property level; and column 4 reports the same di erence within census block. Because the census
block xed e ects drop properties that are the only PACE borrower in their block, column 4 is estimated
on a smaller sample than column 3. Robust standard errors are clustered at the property (APN) level.
p< 001 p<O005 p<O0O1l.



TABLE 4. Stacked DiD Estimates for Property Tax Delinquency

Tax Delinquent

(1) (2) 3)

Post PACE loan 0.001 0.001 0.001

(0.000) (0.000) (0.000)
Observations 1,209,194 1,209,194 1,209,194
Adj. R-squared 0.346 0.346 0.346
Cohort  Year FE X X X
Cohort  Property FE X X X
Cohort  Building sq. ft. FE X X
Cohort Bedrooms FE X X
Cohort  Stories FE X X
Cohort  E ective year built FE X X
Cohort  Borrower credit controls X

Notes: This table reports estimates of from equation (5.1), following the estimator of Cengiz et al. (2019).
The outcome is a dummy variable equal to one if the property-by-owner combination has a local tax lien
involuntarily and newly placed on it in year t, indicating a missed property tax payment. Post PACE loan is
an indicator equal to one ifi has had a PACE lien placed as of yeat. Properties that have not yet received
a PACE loan serve as the control group. All columns include property and year xed e ects. Column 2 adds
xed e ects for bins of property characteristics, and column 3 adds borrower credit controls measured as of
the year prior to origination, as described in Section 5.1. All xed e ects and borrower credit controls are
interacted with cohort xed e ects. Standard errors are clustered at the property (APN) level and reported
in parentheses. p< 0:.01;, p< 0.05 p< 01l
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TABLE 5. IV Analysis of PACE Adoption on Property Tax Delinquency

1) (2) (3)
Panel A: First stage | has a PACE loan
County adopted PACE 0.074 0.074 0.074
(0.014) (0.014) (0.014)
Observations 1,681,344 1,681,344 1,681,344
Panel B: Second stage | tax delinquent
Has a PACE loan 0.047 0.047 0.047
(0.012) (0.012) (0.012)
Kleibergen-Paap F-statistic 29.50 29.50 29.13
Observations 1,681,344 1,681,344 1,681,344
Counties 59 59 59
Year FE X X X
Property FE X X X
Property characteristic bin FE X X
Credit controls X

Notes: This table reports instrumental variables estimates of the e ect of individual PACE loan take-up
on property tax delinquency, using the staggered adoption of PACE programs across Florida counties as
the instrument. The sample is an annual property-by-owner panel of Florida PACE borrowers and their
respective controls. Panel A reports the rst stage: the dependent variable is an indicator equal to one
once property i has a PACE loan attached as of yeart, and the instrument, County adopted PACE, is
an indicator equal to one once the county in which the property is located has an active PACE program.
Panel B reports the second stage: the outcome is a dummy variable equal to one if the property-by-owner
combination has a local tax lien involuntarily and newly placed on it in year t, indicating a missed property
tax payment; the variable \Has a PACE loan" is instrumented with county-level adoption. All columns
include property and year xed e ects. Columns 2 and 3 add xed e ects for bins of property characteristics
(quartile bins of building square footage, dummies for number of bedrooms, number of stories, and quartile
bins of e ective year built), and column 3 adds borrower credit controls: credit score, the incidence of a major
derogatory event, credit le age, and the severe distress index. The Kleibergen{Paap F-statistic refers to the
rst-stage strength of the excluded instrument. Standard errors clustered at the county level in parentheses.
p<0:01 p<005 p<O01.
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TABLE 6. PACE vs. HELOC Interest Rate Premium

A. Raw Di erences

Interest Rate

(1) (2) ®) (4)

PACE loan 2.633 2.594 2.710 2.895
(0.124) (0.127) (0.128) (0.130)
Observations 6,583 6,583 6,581 6,581
Adj. R-squared 0.230 0.231 0.237 0.257
Year FE X X X X
County FE X X X X
Credit bureau controls X X X
Mortgage controls X X
House characteristics X

Permit controls X

B. Di erences for Subprime Borrowers

Interest Rate

1) (2 (3 (4)
PACE loan 2.467 2.490 2.602 2.794
(0.135) (0.136) (0.137) (0.138)
PACE loan  Subprime borrowers 0.353 0.278 0.310 0.295
(0.143) (0.151) (0.151) (0.150)
Observations 6,583 6,583 6,581 6,581
Adj. R-squared 0.231 0.232 0.238 0.257
Year FE X X X X
County FE X X X X
Credit bureau controls X X X
Mortgage controls X X
House characteristics X
Permit controls X

Notes: This table reports OLS estimates of the interest rate premium charged on PACE loans relative to
home equity lines of credit (HELOCs) used towards home improvement. The unit of observation is a loan,
and the dependent variable is the interest rate at origination, in percentage points: for PACE loans it is
imputed from the property tax amortization schedule as a weighted average of the rates implied by 15-,
20-, and 30-year terms, and for HELOCs it is the rate at origination reported in HMDA. The sample is
restricted to owner-occupied, single-family Florida properties matched to an Equifax credit bureau record in
the year prior to origination. In Panel A, PACE loan is an indicator equal to one for PACE loans and zero for
HELOCSs. All columns control for the loan amount and include year and county xed e ects. Column 2 adds
borrower credit controls measured as of the year prior to origination: credit score, the incidence of a major
derogatory event, credit le age, and the severe distress index. Column 3 adds mortgage controls, comprising
the amounts and terms of all outstanding, purchase, construction, home equity, and re nance mortgages,
together with the tax assessed property value. Column 4 adds bins for house characteristics (quartile bins of
building square footage, dummies for number of bedrooms, number of stories, and quartile bins of e ective
year built) and controls for the number of ex post permits led in each project category. In Panel B, the
PACE indicator is interacted with an indicator for subprime borrowers, de ned as a credit score below 670
in the year prior to origination; columns 2 through 4 repeat the progressive control sets of Panel A. Standard
errors are clustered at the property level in parentheses. p < 0:01; p< 0:05 p< 0:1.



TABLE 7. Stacked DiD Estimates for PACE Loan E ects on House Prices

Log House Price

(1) (2) (3)

Post PACE loan 0.052 0.063 0.060

(0.010) (0.009) (0.009)
Observations 88,033 88,033 88,033
Adj. R-squared 0.469 0.589 0.590
Cohort  Sale month FE X X X
Cohort ZIP FE X X X
Cohort  Sale number FE X X
Cohort  Building sq. ft. FE X X
Cohort Bedrooms FE X X
Cohort  Stories FE X X
Cohort E ective year FE X X
Cohort  Credit controls X

Notes: This table reports estimates of from the stacked di erence-in-di erences speci cation in equation
(5.3), following the estimator of Cengiz et al. (2019). The dependent variable is the log arms-length
transaction price of property i sold in yeart. Post PACE loan is an indicator equal to one for transactions
occurring after property i receives a PACE loan and zero for transactions occurring beforehand. The sample
is restricted to owner-occupied, single-family properties which receive at least one PACE loan between 2015
and 2023 and which transact within a seven-year window around origination; properties which have not yet
received a PACE loan serve as the control group for currently treated properties. For each property we retain
only the rst transaction within a calendar year. All xed e ects and control variables are interacted with

the stacked cohort. Column 1 includes cohortO sale month and cohort O 5-digit ZIP code xed e ects.
Column 2 adds cohort-interacted xed e ects for the sale sequence number and for quartile bins of building
square footage, dummies for number of bedrooms, number of stories, and quartile bins of e ective year built.
Column 3 adds cohort-interacted borrower credit controls measured as of the year prior to origination: credit
score, an indicator for a major derogatory event, credit le age, and the severe distress index. Standard errors
clustered at the property (APN) level in parentheses. p< 0:01;, p< 0:05 p< 0:1:
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TABLE 8. Statistical Diagnosis of Unobservable Characteristics (Oster Tests)

Bias Adjusted % of baseline
0.50 -0.0131 0.0731 140.3
0.75 -0.0197 0.0796 152.9
1.00 -0.0263 0.0862 165.5
1.25 -0.0328 0.0928 178.1
1.50 -0.0394 0.0993 190.7

Uncontrolled = 0.0521, R = 0.487
Controlled = 0.0599, R = 0.605

Notes: This table reports Oster (2019) bounds assessing the sensitivity of our baseline capitalization estimate
to selection on unobservables. denotes the degree of selection on unobservables relative to selection on
observables, so that = 1 corresponds to unobserved determinants of house prices covarying with PACE
treatment to the same degree as the controls included in column 3 of Table 7. For each value ofwe report
the implied bias, the bias-adjusted coe cient , and as a percentage of the baseline estimate. Calculations
take the estimate in column 3 of Table 7 as the controlled coe cient and the corresponding speci cation
excluding property characteristic and credit controls as the uncontrolled coe cient, both estimated on the
column 3 sample. Negative implied bias indicates that the observed controls are negatively correlated with
treatment status.
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TABLE 9. Impact on House Prices: Subsample Analysis

Log House Price

Climate proo ng Coastal location Ex post solar
No Yes Inland Coastal No Yes

Post PACE loan 0.052 0.074 0.046 0.070 0.063 -0.037

(0.012) (0.015) (0.012) (0.014) (0.009) (0.117)
Observations 63,350 24,144 44,305 43,647 83,331 2,987
Adj. R-squared 0.580 0.644 0.616 0.571 0.599 0.431
Cohort Sale number FE X X X X X X
Cohort Sale month FE X X X X X X
Cohort ZIP FE X X X X X X
Cohort  Property X X X X X X
characteristics FE
Cohort Credit controls X X X X X X

Notes: This table reports estimates of from equation (5.3) using di erent subsamples of the baseline
(column 3 of Table 7). The dependent variable is the log arms-length transaction price of property i sold in
year t. Post PACE loan is an indicator equal to one ifi has had a PACE lien placed as of yeat. Properties
that have not yet received a PACE loan serve as the control group. Columns 1 and 2 split properties
according to whether the permits led at PACE origination include a climate-proo ng improvement to the
building envelope, de ned as a roong or a window and door permit. Columns 3 and 4 split by coastal
location, de ned as above or below the median distance from the coast. Columns 5 and 6 split by whether a
solar permit is led after origination. Standard errors clustered at the property (APN) level in parentheses.
p< 001 p<005 p<0:1.
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TABLE 10. Stacked DiD Estimates for PACE Loan E ects on Tax Assessed Values

Log Tax Assessed Value

(1) (2) (3)

Post PACE loan 0.014 0.014 0.015

(0.006) (0.006) (0.006)
Observations 152,383 152,383 152,383
Adj. R-squared 0.936 0.936 0.936
Cohort  Year FE X X X
Cohort  Property FE X X X
Cohort  Building sq. ft. FE X X
Cohort Bedrooms FE X X
Cohort  Stories FE X X
Cohort  E ective year built FE X X
Cohort  Borrower credit controls X

Notes: This table reports estimates of the e ect of PACE borrowing on tax assessed property values from a
stacked di erence-in-di erences design (Cengiz et al., 2019). The dependent variable is the log tax assessed
improvement (structure) value of property i in tax year t, from Cotality tax assessment records. Post PACE
loan is an indicator equal to one for treated properties in the year of PACE loan origination and in the three
years thereafter, and zero otherwise. Each stack pairs one PACE origination cohort with not-yet-treated
properties | borrowers whose PACE loan originates more than three years after the stack's cohort | over
an event window running from three years before to three years after origination. The sample comprises
owner-occupied, single-family Florida properties of PACE borrowers observed between 2015 and 2023, with
one observation per property and year drawn from the Equifax credit bureau archive. Column 1 includes
property and year xed e ects. Column 2 adds xed e ects for quartile bins of building square footage,
dummies for number of bedrooms, number of stories, and quartile bins of e ective year built. Column 3 adds
borrower credit controls, comprising the credit score, the incidence of a major derogatory event, credit le
age, and the severe distress index. Standard errors clustered at the property (APN) level in parentheses.
p< 001 p<O005 p<OlL
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TABLE 11. Stacked DiD Estimates for PACE Loan E ects on Re nancing Probability

1f Re nance Mortgagey

(1) (2) )

Post PACE loan -0.0014 -0.0014 -0.0016

(0.0015) (0.0015) (0.0015)
Observations 1,209,194 1,209,194 1,209,194
Adj. R-squared 0.918 0.918 0.918
Cohort FE  Year FE X X X
Cohort FE  Property FE X X X
Cohort FE  Building sq. ft. FE X X
Cohort FE Bedrooms FE X X
Cohort FE  Stories FE X X
Cohort FE  E ective year built FE X X
Cohort FE  Credit bureau controls X

Notes: This table reports estimates of the e ect of PACE loan take-up on mortgage re nancing using
a stacked di erence-in-di erences speci cation. The dependent variable is an indicator equal to one if
property-by-owner pair i originates a re nance mortgage in yeart, and zero otherwise. Re nance originations
are identi ed using Cotality mortgage records, with property-years without a recorded mortgage origination
coded as zeroPost PACE loan is an indicator equal to one in the year in whichi receives a PACE lien and
in all subsequent years. Properties that have not yet received a PACE loan serve as the control group. All
speci cations include property and year xed e ects interacted with the stacked cohort. Columns 2 and 3
add xed e ects for quartile bins of building square footage, dummies for number of bedrooms, number of
stories, and quartile bins of e ective year built, while column 3 further adds borrower credit controls: credit
score, an indicator for a major derogatory event, credit le age, and the severe distress index. Standard errors
are clustered at the property level and are reported in parentheses. p < 0:01;, p< 0:05 p<O0O:L
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A Additional Tables and Figures

FIGURE A.1. Relationship between Window Product DP Ratings and U-Factors

A. Relationship in Levels

B. Relationship in Logs

Notes: This graph shows the relationship between the Design Pressure (DP) ratings and the U-Factor of
window products using data from 500 window models currently sold in the United States. We sort the windows
into 20 equally-sized bins usingbinscatter . The U-Factor measures how well the window insulates. The
lower the U-Factor, the better the window insulates the house. U-factor ranges from 0.20 to 1.20. The DP
rating measures the load created by wind that a window can withstand. Windows with higher DP ratings

are more resistant to high-velocity wind. Panel A shows the relationship in levels, while Panel B shows the
relationship in logs. See Online Appendix F for details on how we collected the data displayed in this gure.

OA-3



FIGURE A.2. Composition of Permitted Home Improvement Projects

A. Permit Types Pooled over Sample Period

Permits on PACE Properties Non-PACE Florida Residential Permits

B. Evolution of Permit Type Activity Over Time

Permits on PACE Properties Non-PACE Florida Residential Permits

Notes: We classify building permits tied to residential properties with a PACE loan by string parsing the
description of the home improvement project led with the town clerk as part of the permit application.
The ve mutually exclusive categories are: HVAC, roo ng, solar, windows and doors, and other. We de ne
roo ng as replacing the roof of the house, which distinguishes permits involving solar panel installations on
the roof. \Other, PACE" pertains to permits for projects which could have a PACE-eligible use in more niche
categories, including: septic-to-sewer conversions, wind anchors, insulation, water e ciency, energy storage,
and natural lighting installations. \Other, Non-PACE" includes any permits which would not qualify for
PACE based on the project description, such as kitchen or other cosmetic renovations. Panel A shows the
breakdown of permits into these categories over the full sample time period, tax years 2016 { 2023, for only
residential PACE properties (left) and for all single-family homes in Florida (right). Panel B shows how the
proportions of permits evolve over the sample period. For permits associated with a PACE property, we
tabulate only for permits issued with an e ective date within the same year of loan origination. We restrict
the sample to permits on single-family homes, excluding repairs, newly constructed units, and teardowns of
existing units. See text for further details on the Cotality building permits data and Online Appendix E for
how we sort permits into these categories.
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FIGURE A.3. Dynamic Event Studies: Building Permits Issued around PACE Origination

(a) HVAC Permits (b) Solar Panel Installation Permits

(c) Roo ng Permits (d) Window & Door Permits

Notes: This gure presents event study coe cient estimates from stacked dierence-in-di erences
speci cations following Cengiz et al. (2019) and Baker et al. (2022). For each PACE origination cohort, we
construct a separate stack in which properties receiving a PACE loan are compared to later, not-yet-treated
PACE borrower cohorts. The dependent variable in each graph is an indicator equal to one if a permit is issued
within one of four mutually exclusive PACE-quali ed project categories. Panels (a) and (b) display energy
e ciency adaptations (HVAC and solar), while Panels (c) and (d) display disaster-proo ng adaptations
(roo ng and window and door installations). The year prior to PACE loan origination, t = 1, is the
omitted reference period. Each regression includes property stack and county year xed e ects. Time
on the x-axis is measured in years relative to PACE loan origination { = 0). We restrict the sample to
permits on single-family homes, excluding repairs, newly constructed units, and teardowns of existing units.
See text for further details on the Cotality building permits data and Appendix E for how we sort permits
into these categories. Bars indicate 95% con dence intervals with standard errors clustered at the 5-digit zip
code level.
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TABLE A.1. Stacked DiD Estimates for PACE Loan E ects on Re nancing Probability:
Conforming Loans

1f Re nance Mortgagey

(1) (2) (3)
Post PACE loan -0.002 -0.002 -0.002
(0.001) (0.001) (0.001)
Observations 934,096 934,096 934,096
Adj. R-squared 0.947 0.947 0.947
Cohort FE  Year FE X X X
Cohort FE  Property FE X X X
Cohort FE  Building sq. ft. FE X X
Cohort FE Bedrooms FE X X
Cohort FE  Stories FE X X
Cohort FE  E ective year FE X X
Cohort FE  Credit bureau controls X

Notes: This table reports estimates of the e ect of PACE loan take-up on mortgage re nancing using a stacked
di erence-in-di erences speci cation. The sample excludes non-conforming mortgage loans. The dependent
variable is an indicator equal to one if property-by-owner pairi originates a re nance mortgage in yeart, and
zero otherwise. Re nance originations are identi ed using Cotality mortgage records, with property-years
without a recorded mortgage origination coded as zeroPost PACE loan is an indicator equal to one in the
year in which i receives a PACE lien and in all subsequent years. Properties that have not yet received a
PACE loan serve as the control group. All speci cations include property and year xed e ects interacted
with the stacked cohort. Columns 2 and 3 add xed e ects for quartile bins of building square footage,
dummies for number of bedrooms, number of stories, and quartile bins of e ective year built, while column
3 further adds borrower credit controls measured in the year prior to origination: credit score, an indicator
for a major derogatory event, credit le age, and the severe distress index. Standard errors are clustered at
the property level and are reported in parentheses. p < 0.0, p< 0:05 p< 0:1.
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TABLE A.2. Homeowners Insurance Premia E ects of County-Level PACE Adoption

Log Insurance Premium

All policies Wind policies Private wind policies
1) 2) 3) (4) (5) (6)
PACE -0.028 -0.040 -0.032  -0.045 -0.031 -0.046
(0.010) (0.011) (0.010) (0.011) (0.010) (0.012)
Observations 4,060 1,184 4,060 1,184 4,060 1,184
Adj. R-squared 0.981 0.988 0.982 0.989 0.977 0.989
Cohort  Year FE X X X X X X
Cohort  County FE X X X X X X
County controls X X X

Notes: This table presents results from estimating the county-year stacked dierence-in-di erences
regressions. The dependent variable in each column is the log property insurance premium for owner-occupied
homes, collapsed to the county-year level PACE is a dummy variable that takes the value of one if
county ¢ has adopted PACE in yeart, and zero otherwise. In columns 3 and 4 we take average premia for
policies which only cover wind-related damages. In columns 5 and 6 we include only contracts from private
insurers, excluding contracts underwritten by Citizens Property Insurance Corporation. Even-numbered
columns include lagged county-level controls, including population, proportion of Black, proportion of
Hispanic, proportion of population with a Bachelor's degree or higher, unemployment rate, and abnormal
property damage caused by natural disasters as reported by SHELDUS. These control variables account
for possible selection into treatment status, as suggested by the results in Table 1. In each regression,
we weight observations by their lagged county-level population. All xed e ects are interacted with the
stacked cohort. Robust standard errors are clustered at the county-cohort level and reported in parentheses.
*** n < 0:0L*p< 0:05*p < 0:1.
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B Additional Institutional Background on PACE

This section provides additional institutional background on PACE loans in Florida.

Legal implementation of PACE. To generate the map in Figure 1 and assign treatment
date cuto s, we track the progress of PACE adoption across all 67 Florida counties using a
combination of local news stories about the entry of PACE districts, cross-referenced with
LexisNexis links to the local property tax code and, whenever possible, by obtaining the
dated list of PACE liens recorded with each county's tax assessor's o ce or the circuit
court clerk, whichever is the applicable records custodian. For most counties, the rst PACE
lien ever recorded occurs within the same year of statutory adoption. Most of our outcome
variables come from local tax records and are thus available at annual frequency, and so it
makes no di erence in our analysis whether we use the statutory adoption date or the rst
year a PACE loan appears on the tax roll as the treatment time cuto .

This process also allows us to account for cases where PACE is in ux in a county due
to legal challenges. In our main di erence-in-di erences analyses, we consider county-level
PACE adoption to be an absorbing state even if there is a city or town within the parent
county which attempts to nullify PACE. 10 counties have experienced such legal challenges,
but all of them have continued recording new PACE liens, indicating that, from the lender's
perspective, there is continued legal ambiguity about which level of government has the
ultimate authority to enable PACE. Our results are robust to simply excluding contentious
PACE liens in these defector jurisdictions.

Eligibility and rules. All homeowners are eligible for PACE loans, regardless of their credit
score, as long as (i) the homeowner has paid all their property taxes and has not been
delinquent over the preceding three years; (ii) there are no involuntary liens attached to
the property, such as those imposed as a result of a bankruptcy court order; (iii) there
are no notices of default or other property-based debt delinquency for the last three years;
and (iv) the homeowner is the borrower for all mortgage debt secured by the property
[5 F.S. Chapter 163.08(2)(b)(9)]. Policymakers contend that the unique design of PACE
loans makes nancing available to homeowners who are unable to obtain credit through
traditional channels, such as home equity lines of credit (HELOCS), or to those who resist
making investments due to the concern that they will have to repay the full loan amount
when the property is sold or re nanced (Cox, 2011).

PACE loans provide qualifying home improvements with up to 100% nancing. Under
CS/HB 7179, which established the PACE program in Florida in 2010, the total PACE loan
amount is limited to 20% of the (market) appraised property value assessed by the county

lwe nd evidence of loose enforcement of the eligibility requirement that PACE borrowers not have a
record of property tax or mortgage delinquency in the three years preceding origination. Figure 2 shows that
PACE borrowers are far more likely than HELOC borrowers to have a prior derogatory event on their credit
le. The loose enforcement of this provision could be due to the di culty administrators face in determining
the prior tax delinquency status of a property owner, especially in jurisdictions where such records are not
digitized.
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unless mortgage lenders with a lien on the property consent to higher LTV loangdowever,
home improvements that show through an energy audit that the annual energy savings equal
or exceed the annual repayment amount are not subject to this limit. As a result of this rule,
the mean PACE LTV is 10%, compared to 18% for a comparable home improvement HELOC,
with 97% of PACE loans having an LTV below the 20% statutory threshold. In cases where
the borrower engages in a project which undergoes an energy audit, the LTV is allowed to
exceed 20%.

Unlike other forms of nancing, PACE credit is repaid in the form of property tax payments,
and these payments are attached to the property rather than the borrower. Delinquent
property tax payments with the PACE assessment take priority over other lienholders, such
as a mortgage lender, making PACE loans super senior to other claims to the property used
as collateral. Importantly, mortgage lenders cannot legally enforce a covenant related to a
homeowner's decision to use a PACE loan. For example, they cannot demand payment in
anticipation of the principal amount of the mortgage if the debtor obtains a PACE loan.

Single-family homes, condos, vacant residential land, and small multifamily buildings are
all eligible for residential PACE loans. In our sample of PACE loans with permits, 95% are
single-family homes, 4% are condos, and the remaining 1% are multifamily properties with
fewer than ten units. Properties also qualify for residential PACE loans if they start out with
a non-residential land use and convert to residential through constructioh.

Application process. Prospective PACE borrowers can apply directly through the website
of a district or administrator (the lender) or indirectly through a registered contractor’

If initiated through a contractor, the contractor forwards the quoted cost for the home
improvement project and any permit information to the PACE lender operating in that
area. Unlike traditional consumer credit products, under state guidelines lenders do not use
credit scores to determine eligibility, which leads to lax screening compared to other home
equity lines. However, lenders do perform a hard credit inquiry to determine whether the
applicant satis es the eligibility criteria, including whether they have a recent history of
mortgage delinquency or bankruptcy.

At the time of origination, the district involved in underwriting the loan sends the loan
terms to the local tax assessor, who then generates a Notice of Assessment. The borrower is
then CC'ed on this notice, which serves as a loan disclosure form. In many records o ces,

2The full text of the law establishing Florida PACE can be found here: https://www.flsenate.gov/
Session/Bill/2010/7179

3Most counties o ering residential PACE (R-PACE) also partner with districts and administrators
specializing in commercial PACE (C-PACE) loans. The structure of C-PACE is very similar to R-PACE
in that the owners pay back the loan through the local property tax assessment. Yet, since commercial
properties are typically much greater in value there are multiple contributors to the capital stack. Hence,
many PACE administrators specialize in either R-PACE or C-PACE loans.

4See, for example, the application tool from Florida PACE Funding Agency, one of the four districts:
https://floridapace.gov/apply/

5See, for instance, the PACE FAQs compiled by Palm Beach County's O ce of Resilience:https:
/ldiscover.pbcgov.org/resilience/pages/pace-frequently-asked-questions.aspx
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clerks attach to the loan contract a Notice of Commencement on the improvement resulting
from the building permit, which mitigates the scope for fraud. Without this paper trail,
borrowers might otherwise attempt to take out a PACE loan by listing an eligible project,
but then use the funds for some other purpose. Figure A.2 illustrates that the vast majority
of PACE borrowers apply funds towards permitted projects within four major categories:
HVAC, roo ng, solar, and window and door upgrades.

Loan repayment. A de ning feature of PACE is that the loans are government-backed. This
means that the borrower repays through their annual local property tax assessment. Annual
local property tax payments are based on an interest rate xed at origination, and the
payments fully amortize the loan, just like with a standard xed-rate mortgage.

Since PACE loans are xed-rate term loans, to back out the interest rate we require the
origination amount, the required annual payment, and the loan term. In most cases, we do
not observe the loan term, but PACE loans are only originated with 5, 10, 15, 20, 25, or
30-year term lengths. We therefore compute a vector of possible interest rates for each loan
corresponding to these possible 5-year term bins and average the rates across the bins to
compare to the distribution of HELOC interest rates. We do not observe any 5-year term
loans in our data.

We assign a xed required payment amount to each loan based on the rst annual payment
made on the loan. In some cases the annual payments can dier year to year by small
amounts due to administrative fees levied by the county for maintaining records of the
PACE assessment. Since such fees are capped at 2% of the loan payment in Florida, linearly
amortized over the loan term, we keep the initial year's payment as the xed required
payment as long as the \drift" in payments across years is within this tolerance. We drop any
loans for which we compute an average interest rate of over 16% in any of the 5-year term
buckets, as such cases likely feature multiple loans recorded as a single PACE assessment
or nearly full prepayment in the initial tax year; PACE loans do not carry prepayment
penalties®

For our estimation sample of single-family homes, we nd the most common loan term is
20 years, the average origination amount is aroun$5,000, and the average xed interest
rate is approximately 6.7%. This would imply an annual tax payment 0$2,305 towards the
PACE loan balance! Local tax assessors separately itemize the PACE loan payment amount
in each annual tax bill as a norad valoremassessment { in contrast to the property tax itself
which is ad valorem However, thead valoremand non-ad valoremcomponents are lumped
together into a single tax liability. This means that if a primary mortgage lender requires
the PACE borrower to submit a monthly payment into an escrow account, the total monthly
mortgage payment will increase to cover the resulting increase in property taxes.

6The sample of PACE loans for California and Florida used by Consumer Financial Protection Bureau
(2023) overlaps with our sample and features a maximum annualized interest rate of 10%.

/It is straightforward to compute the implied annual payment in Excel as PMT (0:067: 20, 25000) =
$2,305.08, where 20 is the loan term in years. Other possible loan terms are 5, 10, 15, 25, and 30 years, with
15 and 30 being the two other most common terms. There is no statutorily mandated index rate but the
rates track the 10-year Treasury rate, just like a xed-rate mortgage.
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There are no prepayment penalties attached to PACE loans. Due to the super seniority
of the PACE lien, lenders can require that borrowers pay o the PACE loan in full before
re nancing or selling the property. In the event a borrower is overdue on their property tax
bill, and thus becomes delinquent on the PACE loan, the only way they can remove the
lien is by redeeming the tax debt. Because they follow the propertyn(rem) and not the
individual (in personam), local tax liens cannot be discharged through personal bankruptcy
(LaPoint, 2023)8 Hence, since the ultimate penalty for severe delinquency is tax foreclosure
or forced sale of the property, strategic default motives are limited for PACE borrowers.

In Online Appendix C we o er examples of o cial PACE documents attached to recorded
loans in Florida. We obtain these documents directly from local tax authorities, and they
form the basis for the merged property-loan-level data we use in our empirical analysis of
the program.

PACE project types. The primary and historical purpose of PACE is to nance projects that
reduce the energy consumption of the house, such as the installation of more energy-e cient
windows. PACE-approved projects also include investments that improve the resistance of
the house to natural disasters, such as impact-resistant windows. In Figure A.1, we show
a strong positive relationship between the energy e ciency and climate resilience of home
improvement projects. To do so, we collect data on 500 window products. We describe the
data collection process in Online Appendix F. There is a strong negative correlation between
the Design Pressure (DP) rating and U-Factor for window products. The U-Factor measures
how well the window insulates the house. The lower the U-Factor, the better insulation the
window provides. The DP rating measures the load created by wind that a window can
withstand. Windows with high DP ratings are more resistant to high-velocity wind. We
document a strong relationship between the two indicators. Speci cally, a 1% increase in a
window's U-Factor is associated with a 0.23% decrease in that product's DP rating. Overall,
making a house more resistant to natural disasters can lead to lower energy consumption.

Tax implications. PACE nancing does not generally confer an additional federal income
tax advantage relative to mortgage re nancing or a HELOC used to nance qualifying home
improvements. Although PACE assessments are collected through the property tax bill,
the principal portion of the assessment is not deductible as a state or local property tax.
The interest portion may qualify for the home mortgage interest deduction when the PACE
obligation is secured by the residence and the proceeds are used to buy, build, or substantially
improve the property® This treatment is similar to that of a HELOC used for qualifying home
improvements, for which interest may likewise be deductible. In either case, the household
must itemize deductions rather than claim the standard deduction, and the deduction is
subject to the aggregate limit on qualifying home acquisition debt. For debt incurred after
December 15, 2017, this limit is generall$750,000 $375,000 for married taxpayers ling

8Tax liens cannot be discharged unless the house is abandoned. Moreover, only property tax debts that
are at least one year old can be discharged through personal bankruptcy, and even then, only if the household
declares bankruptcy before a tax auction occurs.

9See Internal Revenue Service, Topic No. 503: Deductible Taxes (June 20, 2016); Internal Revenue Service,
Publication 936: Home Mortgage Interest Deduction.
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separately), inclusive of other qualifying mortgage debt secured by the taxpayer's main or
second home.

C Sample PACE Loan Documents

In this appendix, we o er examples of recorded PACE loan contracts and accompanying
documents, including local property tax bill stubs and home improvement permit lings.
Some jurisdictions { mostly less-populated ones { do not maintain digitized records of PACE
assessments. For such counties, our FOIA requests for information on PACE loans tied to
property APNs yielded a combination of PDF scans of the \Notice of Assessment" (Figure
C.1) con rming the loan details and the \Notice of Commencement" (Figure C.2) con rming

the improvement being nanced by the PACE loan. The document elds and formatting are
standard across all Florida counties. As discussed in Section 2, the Notice of Commencement
renders it di cult for the borrower to apply PACE funds towards consumption of goods or
services other than the project listed on the assessment notice.

The format of property tax bills is also standard across counties, although the particular
line items comprising the total local tax bill will vary due to overlapping sub-county
jurisdictions and the existence of any nomd valoremassessments speci c to the property
(like a PACE loan). For instance, in the sample tax bill pictured in Figure C.3, the borrower
received a PACE loan from the Green Corridor PACE District operating in the county, and
this annual payment towards the loan balance represents about one-third of the property
owner's overall property tax bill.

Property owners are responsible for paying bothd valoremand non-ad valoremtax bills
according to the same calendar schedule, meaning that failing to pay the full balance due
for a tax year (payment deadline of March 31st in Florida) means being in default on a
PACE obligation. The March 31st payment deadline for the preceding tax year's liability
also means that depending on the month of origination, some PACE borrowers can e ectively
defer any payment on the loan for over a year. The maximum length of time between PACE
loan origination and the due date for payment on that loan is 16 months if the loan is
originated in late November. This long lag time between the funds being disbursed and the
rst payment could contribute to the uptick in tax delinquency within a year of origination
that we observe in Section 5.1 if the lag reduces the salience of the increased tax burden
(Cabral and Hoxby, 2012).
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FIGURE C.1. Sample PACE Contract and Property Lien Recording
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