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How to accelerate the climate transition of housing?

Greater investments are necessary for climate change mitigation IEA Report

▶ Homes accounted for 16% of global energy-related emissions in 2022 (IEA, 2023)

▶ Total global investment in mitigation alone is currently $28.7 bil./year for RE CPI report

▶ Yet, $827.1 bil./year needed to reach net zero emissions by 2050 (CPI, 2023)

Greater investments also necessary for climate change adaptation (World Bank 2016)

▶ 1 in every 10 homes in the US was impacted by natural hazards in 2021 (CoreLogic 2022)

▶ Insurance markets unraveling in areas exposed to many climate risks (e.g. Florida)

▶ Cities’ losses from natural disasters could cost an estimated $314 billion annually by 2030

In practice, green home improvements (HIs) can help on both margins −→
impact-resistant windows offer better insulation and storm protection DP ratings

Bellon, LaPoint, Mazzola & Xu (2026) PACE Loans for Climate-Proofing ASU Finance, Fall 2026 1



Real effects of unraveling home insurance markets

Source: Bloomberg, “In Southwest Florida, High Home Insurance Rates Are Driving Away Would-Be Buyers,” February 14, 2024.

Storm projections Map



PACE: an innovative home improvement loan program

We study a new class of loans designed to help close these investment gaps

Residential Property Assessed Clean Energy (PACE) loans

Key innovation: borrowers pay off debt through local property tax bill

Property tax implementation creates a super senior claim (LaPoint 2023)

Under Modigliani–Miller, issuing a new senior claim should not create value

▶ Govt.-backing allows constrained subprime borrowers to obtain home equity credit

▶ Project is not pledgeable, so underlying collateral held fixed

Question: does PACE financing enable otherwise unrealized (green) investments that
increase property values?

How is surplus distributed across households, insurers, lenders, govt.?
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Due to their structure, PACE loans are controversial

Increase in risk: Lax screening and
potential predatory lending practices.
Breaches the priority of traditional
mortgages (super seniority).

Efficiency: Allows financially constrained
households to invest in (green) projects
that improve their home equity value by
lowering homeowners insurance costs.

Ultimately an empirical question which forces dominate!
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Summary of our empirical findings
1 PACE relaxes financing constraints and expands home improvement investment

▶ PACE borrowers are 45% are subprime vs. 7% for HELOC borrowers

▶ Sharp increase in PACE-eligible projects around origination

2 PACE borrowers pay a large interest rate premium

▶ Prime borrowers pay 240–270 bps more than comparable HELOC borrowers

▶ Premium is another 30–40 bps higher for subprime borrowers

3 PACE increases household financial distress

▶ Property tax delinquency rises by 0.2 p.p. (11%) after origination

4 PACE-financed investments create and capitalize substantial value

▶ Sale prices increase by 5.8%, with larger gains for climate-proofing projects

▶ Homeowners insurance premia fall by 3–5% ⇒ implied discount rates of 2.7–3.6%

▶ No evidence that PACE reduces households’ ability to refinance



PACE expands net fiscal position of local govt.

Simple back-of-envelope calculation combining our DiD estimates

∆Rt,t+1 = τt+1︸︷︷︸
effective tax rate

×( ∆Pt,t+1︸ ︷︷ ︸
capitalization effect

− ∆Dt,t+1 · Pt︸ ︷︷ ︸
short-run tax revenue loss

)

Even after netting out delinquencies, revenues grow by $180–$250 per PACE
loan-year in counties participating in program

Lower-bound estimate of the increase in revenue from PACE adoption because...

▶ Assumes 100% of the delinquency costs are borne by local govt.

⋆ Municipal bond investors bear some of incidence when coupons backed by PACE payments

▶ Ignores spillover effects on local employment (e.g. through contractors) or investment
spending (e.g. through peer effects)
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Contributions & related literature
1 Household credit constraints & home equity extraction

Lustig & Van Nieuwerburgh, 2005; Liberti & Mian, 2010; Benmelech & Bergman, 2011; Vig, 2013;
Corradin & Popov, 2015; Keys et al., 2016; Campello & Larrain, 2016; Melzer, 2017; DeFusco, 2018;
DeMarzo, 2019; Chen et al., 2020; DeFusco & Mondragon, 2020

→ PACE expands borrowing capacity by changing claim seniority, holding collateral fixed

2 Consumer credit pricing & lender market power

Agarwal et al., 2017; Gete & Zecchetto, 2018; Bachas et al., 2021; DeFusco et al., 2022; Erel &
Liebersohn, 2022; Granja et al., 2022; Argyle et al., 2023; Yannelis & Zhang, 2023; Bhutta et al., 2026

→ Higher premia for households with weaker outside options point to market power

3 Green financial contracts & barriers to environmental investment

Fowlie et al., 2018; Flammer, 2021; Berkouwer and Dean, 2022; Kim et al., 2025

→ PACE shows how contract design relaxes barriers to household green investment

4 PACE, climate adaptation & property markets

Kirkpatrick and Bennear, 2014; Goodman and Zhu, 2016; Bernstein et al., 2019; Baldauf et al., 2020;
Murfin and Spiegel, 2020; Rose and Wei, 2020; Bakkensen and Barrage, 2022; Ge et al., 2022; Sen, 2023;
Millar and White, 2024; Hu, 2026; Oh et al., 2026; Sastry, 2026

→ Microdata show that adaptation investments capitalize into house values via insurance costs ↓



Institutional Background on PACE Programs



Legal background on PACE contracts

Property Assessed Clean Energy (PACE) Program

Loans for qualified energy efficient and climate-proofing home improvement projects
where borrowers pay back debt through annual local property tax bill.

Qualified uses are fairly expansive: solar panels, HVAC upgrade, (re)roofing,
impact-resistant windows/doors, generator, water conservation, etc. DP vs. U-Factor

Local govt. as the loan servicer means that lien on the property is super senior to all other
forms of debt =⇒ dominates mortgage lender or bankruptcy claims (LaPoint 2023)

In practice, a public-private partnership: local govt. issues bonds backed by tax payments
and outsources underwriting to private lenders (“administrators”)

▶ Municipal backing keeps fixed interest rate lower than other subprime debt products
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How PACE works in practice

Source: City of Miami Beach.
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How do borrowers obtain PACE financing?

Two application methods:

1 Apply directly through district or underwriter’s website

2 Work with PACE-qualified registered contractor on home improvement project, and
contractor forwards your application to district operating in that area

Screening process:

▶ Lender may perform a hard credit inquiry but cannot use FICO score in approval decision

▶ Credit inquiry used to uncover DTI, payment delinquency, and bankruptcy history

▶ PACE loan can’t exceed 10% of income or 20% LTV, and property CLTV ≤ 100%

At origination:

▶ Notice of assessment lists the loan terms −→ filed with town clerk (borrower CC’ed)

▶ Notice of commencement attached to loan details the home improvement project
=⇒ difficult to commit fraud using loan proceeds towards unqualified use
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PACE loans offered in 36 states + D.C. and growing

4 additional states have proposed C-PACE legislation (pacenation.org) R-PACE

R-PACE only available in California, Florida, and Missouri −→ 71% growth since 2020

pacenation.org


FL PACE loans mainly used for storm proofing Event study

All Non-PACE FL Residential Permits Permits Tied to FL R-PACE Properties

Over half of FL PACE permits related to storm-proofing

“Other” non-PACE projects far less common among PACE borrowers Dynamic

▶ Underestimate true fraction of PACE projects due to permit exemptions after storms



How are PACE loans priced?



PACE HHs far more likely to be subprime than HELOCs
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HELOCs main source of financing for HI projects (Hurst & Stafford 2004)

45% of PACE borrowers are subprime (score < 670), compared to 7% for HELOCs
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PACE properties negatively selected relative to HELOCs

PACE borrowers more likely to exhibit markers of financial constraints

Selection suggests that HELOCs would not be a good control group for PACE



PACE HHs pay a premium relative to HELOC borrowers
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Kolmogorov-Smirnov D = 0.399 (p = 0.000). Difference in means (PACE - HELOC) = 1.800 pp (s.e. = 0.068, p = 0.000).

Interest Rate Distributions: PACE vs HELOC

Unconditional average premium of 180 bps.

HELOCs indexed to U.S. Prime Rate; PACE maturity matched to Treasury rate based on
project lifespan



PACE HHs pay a premium relative to HELOC borrowers

Rateℓ,c,t = β · PACEℓ + γ′Xℓ + θc + δt + εℓ,c,t

PACE borrowers pay a covariate-adjusted interest rate premium of 262 to 289 bps.
relative to HELOCs Results

▶ Implies an $780 additional annual interest payments relative to HELOC

Premium captures PACE lenders’ market power, or borrowers’ limited outside options,
rather than risk or contract design

▶ PACE premium is 27–41 p.p. larger for subprime borrowers Results

Fees explain at most 66 bps. of the gap

▶ Assumes maximum of 5% fees fully rolled into principal (CFPB 2023)

▶ Fees include admin fees to assessor’s office which are statutorily capped

▶ Permitting fees can also be rolled in, but are small (≈ $100–$200)
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Conceptual framework: assumptions & predictions

Basic setup: Details

▶ Households differ in credit quality

▶ Home improvements can be financed with a junior HELOC or a super senior PACE loan

▶ PACE lenders have greater market power

▶ PACE financing is restricted to eligible projects and approved contractors

Prediction #1: PACE reaches riskier households

▶ Junior HELOC lenders bear more default risk

▶ PACE seniority protects the lender ⇒ constrained households can borrow

Prediction #2: Riskier households pay more for PACE

▶ Riskier households have no outside option, PACE lenders have market power
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What do we predict for delinquency and valuation?

Prediction #3: PACE increases delinquency (?)

▶ Additional debt service increases financial distress

Prediction #4: PACE increases property values (?)

▶ PACE finances projects that otherwise would not occur and restricts funds toward
higher-value improvements ⇒ greater capitalization into house prices

▶ Testable implication: larger effects for investments that generate greater flow utility to
homeowners (e.g., climate-proofing in storm prone areas)

Why are these results not obvious?

▶ PACE could instead reduce distress by substituting for more expensive credit, such as
unsecured credit card debt, and freeing up cash flow

▶ Such is the case with subsidized natural disaster loans (Collier et al. 2024, 2025)

▶ Under M&M, seniority of the claim should merely redistribute value across creditors, and
could reduce liquidity of underlying collateral (Millar & White 2024)
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Data & Empirical Strategies



Datasets: PACE loans linked to permits and properties

Individual PACE loan data FOIA requested from all participating PACE counties

▶ 77,564 loans (80% of FL market) matched using the assessor’s parcel number (APN)

▶ Combine with data from two PACE companies and assessor rolls

Cotality (CoreLogic) Owner Transfers, Mortgage, Tax, and Involuntary Liens data

▶ House prices, buyers and sellers, information about the use (e.g. single vs. multi-family), tax
assessment, combined loan-to-value (CLTV) ratios, property location, and tax delinquency

Cotality (CoreLogic) Building Permits

▶ Tracks building permit applications tied to APNs

▶ New approach to classify green home investments using keyword parsing Method

Credit bureau data (Equifax)

▶ Borrower credit scores, account balances, derogatory events, delinquencies, and bankruptcies

Regulatory county-insurer-level insurance premium data (Florida QUASR)



Entry of R-PACE lending in Florida: 2011 – 2023
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Entry of R-PACE lending in Florida: 2011 – 2023

Variation comes from take-up of PACE
driven by programs becoming newly
available in the area

▶ First stage: adoption dates from news
sources, LexisNexis, and loan records

Local govt. PACE adoption in a year is
uncorrelated with...

▶ Population size, race, income, education,
unemployment, Democratic vote share,
muni balance sheet

Only thing that predicts PACE adoption is
turnover in the tax assessor
(retirements) Results
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Battery of staggered DiD designs to overcome selection

1 Study borrower delinquency and property sales price by comparing early to late PACE
borrowers using Cengiz et al. (2019) stacked DiD estimator

▶ Holds fixed the subprimeness of PACE borrowers relative to alternate loan products

2 Use instrumental variables (IV) design which exploits the staggered adoption of PACE
programs across Florida counties as an instrument for individual loan take-up

▶ Idea: take-up is driven by county-level policy decisions rather than purely by household
financial conditions

▶ IV first-stage take-up rate will be close to weighted average across counties in our sample

3 DiD using staggered enrollment into the program by counties

▶ Exploits fact that timing of adoption appears quasi-random w.r.t. observables

▶ We lack linkable insurance contract-level data

▶ Use IV to scale up intent-to-treat estimates
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Effects on Property Tax Delinquency



Early vs. late design holds fixed borrower subprimeness

Identification: focus on PACE
borrowers in owner-occupied,
single-family homes.

▶ Each cohort is compared to
not-yet-treated borrowers: those
whose loan originates more than
three years later

PACE borrower cohorts more
balanced on ex ante characteristics
than HELOC vs. PACE

▶ Differences in z-scores < 0.25 for
all covariates (Imbens and
Wooldridge 2009; Rubin 2001)

Raw differences No FEs
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Delinquency ↑ by 0.2 p.p. (11% ↑ relative to baseline)

Delinquenti,c,t = β · PACEi,c,t + γ′c ·Xi,t−1 + ηi,c + θc,t + εi,c,t

Dep. variable: Ever Delinquent

Post PACE loan 0.002∗∗∗ 0.002∗∗∗ 0.002∗∗∗

(0.000) (0.000) (0.000)

Observations 1,286,222 1,286,222 1,286,222
Adjusted R2 0.365 0.365 0.365

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 × Effective year built FE x x
Cohort × Borrower credit controls x

Robust to IV that exploits the staggered adoption of PACE to isolate loan take-ups
driven by county-level policy decisions from household financial conditions

▶ First-stage take-up rate of 7.5% among owner-occupied, single-family homes



Dynamic effect on tax delinquencies
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Effect grows over time due to ever-delinquency flag

Consistent with PACE raising HH debt service burden and exposure to liquidity shocks
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House Price Capitalization Effects of PACE



PACE projects capitalized into home values: price ↑ 5.8%

log(Pricei,c,z,t) = β · PACEi,c,t + γ′c ·Xi,t−1 + θz,c + δm,c + εi,c,t

Dep. variable: log(Price)

Post PACE loan 0.052∗∗∗ 0.057∗∗∗ 0.056∗∗∗

(0.010) (0.009) (0.009)

Observations 88,033 88,033 88,033
Adj. R2 0.478 0.599 0.600
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 × effective year FE x x
Cohort × credit controls x

Summary stats Subsamples Assessed values Oster test
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Dynamic pricing effects of PACE projects
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ATT effect corresponds to ≈ 60% of the average PACE loan −→ ∆P = $16k

Timing: improvement occurs within year of origination

▶ Typically required by the program + permits expire within 12 months
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Stronger effects for wind-proofing + coastal areas

Log House Price

Climate proofing Coastal location Ex post solar

No Yes Inland Coastal No Yes

Post PACE loan 0.048∗∗∗ 0.072∗∗∗ 0.040∗∗∗ 0.069∗∗∗ 0.059∗∗∗ -0.054
(0.011) (0.014) (0.011) (0.014) (0.009) (0.123)

Observations 63,346 24,143 44,301 43,645 83,331 2,987
Adj. R-squared 0.589 0.658 0.625 0.582 0.610 0.427
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 × prop. char. x x x x x x
Cohort × credit controls x x x x x x

No house price gains for purely clean energy projects −→ consistent with recent work on
solar market (e.g., Gillingham & Watten 2024)

Prediction #4: stronger capitalization for projects which generate greater flow utility
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Specification curve: %∆P ∈ [4.0%, 9.9%]

Mortgage controls × cohort FE

Ex post improvement type × cohort FE

Census tract × cohort FE

Ex ante improvement type × cohort FE

Property characteristics × cohort FE

Borrower credit controls × cohort FE

Controls:

     0.00
     0.02
     0.04
     0.06
     0.08
     0.10

Coefficient on post:

Specification rank (sorted by number of controls)

p-value < 0.05 p-value ≥ 0.05

Strong test: control for complete property-level history of home improvement permitting

▶ =⇒ Value creation beyond the financed project itself
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No discernible effect on refinancing probability

1{Refinance Mortgage}
(1) (2) (3)

Post PACE loan -0.0004 -0.0004 -0.0005
(0.0016) (0.0016) (0.0016)

Observations 1,286,222 1,286,222 1,286,222
Adj. R-squared 0.914 0.914 0.914
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 × Effective year FE x x
Cohort FE × Credit bureau controls x

Similar null result if restrict to conforming mortgages for which GSE restriction applies

Suggests capitalization not attenuated by deterioration in liquidity of property
HMDA results GSEs
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Pass through of PACE to lower HO insurance premia

HO insurance premia in PACE counties fall by 3–5% after program adoption
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Pass through slightly stronger for wind contracts

log(Premiumc,t) = α+ βITT · PACEc,t + θc + δt + γ′ ·Xc,t−1 + εc,t

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

Homeowner’s Insurance Wind Mitigation Discount Law requires insurers to lower premia
for home-hardening upgrades: wind policies show a larger premium decrease Shift-share

Real effects of PACE in terms of lower damages from hurricanes FEMA damages

Bellon, LaPoint, Mazzola & Xu (2026) PACE Loans for Climate-Proofing ASU Finance, Fall 2026 35



Do these estimates of house price gains make sense?

PACE reduces county avg. wind insurance premia by 3.1% ($56 per insured home-year)

▶ Scaling this ITT estimate by the 7.5% first-stage take-up rate implies annual premium
savings of ∆Premium = $750 per PACE borrower Map IV

Insurance savings rationalize the capital gains at discount rates of r = 2.7–3.6%

▶ Gordon growth model for an infinitely-lived asset: r = ∆Premium/∆P

▶ ∆P = $20,840 for climate-proofing projects =⇒ r = 3.6%

▶ Upper-bound capitalization estimate of ∆P = $27,513 =⇒ r = 2.7%

Robustness: secular insurance premium inflation raises implied discount rate

▶ Allowing premium savings to grow raises the implied discount rate range to 6.8–8.4%

Standard infinite Gordon growth discount rates in line with literature

▶ 2.6% rate reported by Giglio et al. (2015) for leaseholds and 2.7% rate computed by Ge et al.
(2022) for flood insurance
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Local Cost-Benefit Implications of PACE



Combining our estimates =⇒ PACE expands tax base

Simple back-of-envelope calculation combining our DiD estimates

∆Rt,t+1 = τt+1︸︷︷︸
effective tax rate

×( ∆Pt,t+1︸ ︷︷ ︸
capitalization effect

− ∆Dt,t+1 · Pt︸ ︷︷ ︸
short-run tax revenue loss

)

Even after netting out delinquencies, revenues grow by $185 to $250 per PACE
loan-year in Florida counties participating in program Break-even

▶ Lower ∆P if instead use market assessed values (tax base revalued each year in FL)

⋆ But statutory tax rates higher than effective rates in FL (1.6% vs. 1.2%) Details

▶ ATT effects: evidence from HMDA consistent with positive pecuniary externalities

Lower-bound estimate of the increase in revenue because...

▶ This is without accounting for spillovers to local employment or non-PACE investments

▶ Some delinquency costs are partially borne by municipal bond investors

▶ Measure ∆D using an “ever-delinquent” flag, but some loans are performing



PACE remains controversial, but equity-efficiency
tradeoffs in program design

No evidence of crowdout of traditional
mortgage credit

CFPB complaints against PACE districts
allege contractors mislead borrowers

▶ Dec. 2024 CFPB final rule adding
property tax liens to Regulation Z

▶ PACE lien can make it difficult for
consumers to refinance

▶ We find no impact on refinancing prob.

Delinquency leads to mild revenue losses
relative to expansion of tax base

Optimal screening, LTV caps, income
requirements?
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Scope to pair HI loans with HO insurance contracts to
prevent unraveling

Notes: Data from Quarterly and Supplemental Reporting System
(QUASR) collapsed to the county level for Citizens share of HO
insurance policies. Coefficients obtained from the stacked estimator.

County PACE adoption slows growth in local Citizens share of contracts

Proposed FL state bill in 2025 to formally bundle PACE-financed improvements with
insurance contracts
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Conclusion: govt. backing improves resilience of housing

We show that local government-backed loans can help close the investment gap in green
residential projects while growing the tax base −→ “infinite” MVPF

Mechanism: lowering screening standards without subsidizing credit helps relax
households’ financing constraints to do profitable home improvements

▶ PACE borrowers are negatively selected compared to HELOC borrowers and pay rate
premium of > 200 bps. due to lack of outside options

Wind-proofing projects strongly capitalized into home values −→ rationalized by
homeowners insurance premia ↓↓

Super seniority generates value rather than simply redistributing among claimholders

▶ Unlike traditional lending, tax lien creates virtually non-existent strategic default motives

▶ Incentive compatibility is a major strength relative to other green lending programs

Future work: implications for other PACE programs, optimal policy design
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SSRN paper downloadable here
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Appendix



Building operations accounted for 26% of 2022 global
energy emissions Back

Source: International Energy Agency (IEA): https://www.iea.org/energy-system/buildings (June 15, 2023)
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CPI 2023 report: mitigation investment would need to
increase 30-fold to reach NZE target by 2050 Back
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Back
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Current projections show storms migrating north Back
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FL’s storm risk expected to decline over next 30 years

Source: First Street Foundation. “The 7th National Risk Assessment: Worsening Winds.”

Similar to problems in the place-based policy literature −→ very hard for government to
pick “winning” areas to subsidize for climate migration Back

https://report.firststreet.org/7th-National-Risk-Assessment-Worsening-Winds.pdf


What market failure(s) can government solve? Back

Under-investment in climate-resilient retrofitting could be due to...

▶ High discount rates due to (false) perception that risks are at long horizons

▶ Uncertainty about returns or hedonic value of such investments

▶ Liquidity constraints preventing NPV > 0 projects

On top of this, there may be externalities associated with PACE projects

▶ Increasing resiliency of structures may put downward pressure on insurance premia

▶ Peer effects: uncertainty about future returns to green home improvements may be resolved
by observed success of neighbors

PACE program could create new frictions in the form of predatory lending (exempt from
Truth in Lending Act) and crowdout effects on mortgage supply

Evidence: PACE relaxes borrowing constraints by lowering credit screening standards
rather than through direct subsidies

Bellon, LaPoint, Mazzola & Xu (2026) PACE Loans for Climate-Proofing ASU Finance, Fall 2026 6



R-PACE program reached $9.1 billion in total
originations by end of 2023
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Source: https://www.pacenation.org/pace-market-data/. Back
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What predicts counties’ PACE adoption decisions? Back

Run linear probability models with dummy
for county adoption of PACE in a given
year as the outcome

Economic, political, demographic
conditions not predictive within county
and within year

But, counties more concerned about
climate change with a new assessor are
more likely to adopt PACE

▶ FL tax assessor’s are elected officials

▶ Robust to (exogenous) “retirement
turnovers”



For CA, timing of PACE adoption more random Back

Dep. variable: PACE Adopted (1) (2) (3) (4) (5) (6)

Population -0.014 -0.004 -0.006 0.341 0.337 1.180∗

(0.020) (0.017) (0.017) (0.512) (0.525) (0.693)
Household median income 0.002 0.0005 0.002 -0.0008 -0.0003 -0.004

(0.004) (0.003) (0.004) (0.005) (0.005) (0.008)
% with Bachelor’s degree or higher 0.011 0.008 0.009 -0.006 -0.005 0.032

(0.010) (0.010) (0.010) (0.020) (0.020) (0.024)
% White 0.0001 0.006 0.007 -0.003 -0.003 -0.003

(0.005) (0.005) (0.005) (0.004) (0.004) (0.008)
% Black 0.023∗ 0.033∗∗ 0.031∗∗ 0.054 0.055 0.092

(0.014) (0.013) (0.013) (0.063) (0.063) (0.073)
% Hispanic 0.003 0.001 0.001 -0.029 -0.028 -0.004

(0.003) (0.003) (0.003) (0.024) (0.024) (0.029)
% Worked in Past Year 0.007 0.007 0.003 0.015 0.014 0.017

(0.006) (0.006) (0.006) (0.010) (0.009) (0.010)
County Debt/Revenue 0.003 0.005 0.002 0.003∗ 0.003∗ 0.003

(0.003) (0.003) (0.005) (0.002) (0.002) (0.003)
Democratic leaning -0.242 -1.050∗ -1.170∗∗ 2.150∗ 2.250∗ 1.400

(0.612) (0.559) (0.564) (1.110) (1.130) (1.360)
Neighbor PACE 0.349∗∗∗ 0.250∗∗∗ 0.222∗∗∗ -0.130∗ -0.132∗ -0.124∗

(0.058) (0.053) (0.049) (0.076) (0.077) (0.070)
# Declared wildfires 0.049∗∗∗ 0.017 0.025∗ -0.002 -0.001 0.002

(0.011) (0.011) (0.014) (0.011) (0.011) (0.016)
Abnormal property damage from wildfires 0.004 0.005 0.003 -0.000 -0.0001 -0.0008

(0.006) (0.006) (0.005) (0.002) (0.002) (0.003)
Climate concerns 0.042∗∗∗ 0.045∗∗∗ -0.005 0.005

(0.009) (0.010) (0.014) (0.014)
Assessor Turnover -0.608 -0.487 -0.162 -0.083

(0.470) (0.523) (0.294) (0.423)
Auditor-Controller Turnover 0.156 -0.420 0.144 0.160

(0.326) (0.417) (0.308) (0.372)
Assessor Turnover 0.011 0.009 0.003 0.002

× Climate concerns (0.007) (0.008) (0.004) (0.007)
Auditor-Controller Turnover -0.002 0.007 -0.002 -0.003

× Climate concerns (0.005) (0.007) (0.005) (0.006)

County FE No No No Yes Yes Yes
Year FE No No No Yes Yes Yes



Far more spatial variation in climate concerns in FL Back

Note: Tabulated based on county-level responses to the Yale Program on Climate Change Communication surveys.
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PACE vs. HELOC Interest Rate Premium Back

Rateℓ,c,t = β · PACEℓ + γ′Xℓ + θc + δt + εℓ,c,t

Interest Rate
(1) (2) (3) (4)

PACE loan 2.623∗∗∗ 2.621∗∗∗ 2.731∗∗∗ 2.890∗∗∗

(0.125) (0.127) (0.128) (0.130)

Observations 6,355 6,355 6,354 6,354
Adj. R-squared 0.228 0.229 0.235 0.253
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

PACE vs. HELOC rate premium widens to 289 bps. conditional on full set of observables



PACE vs. HELOC Interest Rate Premium Back

Rateℓ,c,t = β1 · PACEℓ + β2 · PACEℓ × Subprimeℓ + γ′Xℓ + θc + δt + εℓ,c,t

Interest Rate
(1) (2) (3) (4)

PACE loan 2.407∗∗∗ 2.446∗∗∗ 2.555∗∗∗ 2.722∗∗∗

(0.138) (0.138) (0.139) (0.139)

PACE loan × Subprime borrowers 0.411∗∗∗ 0.269∗ 0.294∗ 0.281∗

(0.144) (0.153) (0.152) (0.151)

Observations 6,355 6,355 6,354 6,354
Adj. R-squared 0.230 0.231 0.237 0.255
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

Additional rate premium of 27–41 bps. for subprime borrowers



Summary stats for house price sample Back

N Mean Std. Dev. p5 p95

Sale amount 88,482 266,305.5 206277.7 72,000 535,000
Assessed value 88,307 241,925.3 153,728.2 86,540 454,430
Building sq.ft2 88,334 1,734.155 635.439 986 2,896
Bedrooms 82,054 3.128 0.806 2 4
Land sq.ft2 88,468 11,173.29 28,949.41 2,240 21,202
Stories 87,276 1.187 0.396 1 2
Year built 88,297 1978 19.369 1950 2010
Effective year built 85,450 1986 17.891 1956 2014
FICO score 88,482 554.913 236.066 0 782
Derogatory events 88,482 0.035 0.094 0 0.214
Credit file age 88,482 125.541 95.004 0 296
Severe distress index 88,482 0.989 0.448 0 2
Hardening projects 88,482 0.278 0.448 0 1
Coastal location 88,482 0.496 0.500 0 1
Solar panel 88,482 .071 0.335 0 1



Summary stats for other samples Back

Panel A: Individual data

Mean SD P25 P75

FICO score 590.50 248.58 567.00 747.00

Derogatory events 0.04 0.10 0.00 0.00

Credit file age (months) 182.74 127.59 96.00 257.00

Severe distress index 1.03 0.49 1.00 1.00

Building area (sq. ft.) 1,727.26 634.87 1,308.00 1,994.00

Bedrooms 3.09 0.80 3.00 3.00

Lot size (sq. ft.) 11,180.38 30,192.22 6,000.00 10,000.00

Stories 1.14 0.36 1.00 1.00

Year built 1,976.08 18.21 1,960.00 1,990.00

Observations 1,792,188

Panel B: County-level Insurance Analysis

log(Premium)c,t (all) 7.469 0.282 7.265 7.634

log(Premium)c,t (wind) 7.485 0.300 7.268 7.660

Observations 680
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Larger, more affluent counties have PACE Back

Counties with Counties without Difference
PACE programs PACE programs

Fraction w/high school diploma or less (2017-2021) 11.28 17.13 5.86∗∗∗

Fraction w/bachelor’s degree or higher (2017-2021) 27.22 18.74 -8.48∗∗∗

Population (Census 2020) 446,460 136,288 -310,172∗∗∗

Declared natural disasters (since 2015) 14.25 13.86 -0.40

Unemployment rate (2021) 4.45 4.52 0.08

Median household income (2021) 60,102 53,927 -61,745∗∗

White fraction of population (2020) 0.64 0.68 0.04

Black fraction of population (2020) 0.13 0.13 -0.00

Latino fraction of population (2020) 0.16 0.13 -0.03

Sources: FEMA, the decennial Census, and the American Community Survey (ACS).
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PACE permitting over time: shift towards roofing Back

Bellon, LaPoint, Mazzola & Xu (2026) PACE Loans for Climate-Proofing ASU Finance, Fall 2026 17



No change in permit fractions for non-PACE properties
Back
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Keyword classification for home improvement permits
Use CoreLogic Building Permits to identify types of projects

▶ Focus on permit applications, but dates, but subset to completed permits

▶ Each permit can have multiple projects listed (up to 3)

▶ Focus on SFHs, no teardowns, no new construction

Parse strings from town clerk’s memo to sort permits into 5 mutually exclusive types:

▶ Windows and doors: windows, doors, impact, etc.

▶ Roofing: roof, shingle, asphalt, etc.

▶ HVAC: cool, heat, air conditioning, AC, HVAC, duct, etc.

▶ Solar: photovoltaic, cell, solar, generator, etc.

▶ Other PACE: niche categories (< 1%), including septic-to-sewer conversions, wind anchors,
insulation, water efficiency, energy storage, natural lighting

▶ Other, non-PACE: any other permits with no explicitly mentioned PACE-qualified project

Back
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Same result using early vs. late adopter blocks Back

Dependent Variable Extensive Margin Intensive Margin Mean

Applications -0.0205 0.0180 0.4994
(0.0135) (0.2737)

Inspections -0.0204*** -0.1760 0.1812
(0.0072) (0.1622)

Rental assistance ($) -10.42* -19.33 94.6803
(5.846) (143.4)

Repair assistance ($) -14.70** -121.9 32.2758
(6.304) (84.11)

Real property damage ($) -13.67* -83.55 68.1506
(7.394) (108.2)

Personal property damage ($) -3.038 -67.38** 12.8358
(2.089) (33.65)

Within a block group, blocks with pre-hurricane PACE upgrades to those with 3-years
post-hurricane PACE upgrades (avoid reverse causality)

Note: FEMA data for later hurricanes (e.g., Ian in 2022 and Milton/Helene in 2024) not
available below zip code level
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Energy efficiency and resilience often go together Back

 log(DP) =  0.60 (0.06) -0.23 (0.05) log(UFactor) + ε
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Scrape information on 500 window
products from the National Fenestration
Rating Council

Design pressure (DP) rating ranks
products on 0 to 100 on how well they can
withstand storms

U-Factor on scale from 0.2 to 1.2, with
lower values indicating better insulation

1% U-Factor ↑ associated with a 0.23% ↓
in window’s DP rating

=⇒ can be energy efficiency gains even
if motivation is hurricane-proofing
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Energy efficiency permits spike around PACE origination

HVAC Permits
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Clear jump in permitting probability of 2-3 p.p. for energy efficiency projects Back



Home-hardening permits spike around PACE origination

Roofing Permits
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Larger jump in permitting probability for disaster-proofing projects Back

Jump is largest for window & door permits at ≈ 13 p.p.
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Raw within-tract differences between cohorts are small
Back

Group means Difference

Early Late Unadjusted Adjusted

FICO score 609.36 604.64 4.72∗∗ 2.63
Derogatory events 0.030 0.035 −0.004∗∗∗ −0.002
Credit file age (months) 188.18 188.86 −0.68 −0.92
Severe distress index 1.000 0.995 0.005 0.006
Building area (sq. ft.) 1,757.75 1,706.72 51.02∗∗∗ 27.28∗∗∗

Bedrooms 3.050 3.112 −0.065∗∗∗ 0.026∗∗

Lot size (sq. ft.) 12,045.83 10,716.42 1,329.41∗∗∗ 302.21
Stories 1.150 1.149 −0.001 −0.005
Year built 1977.94 1975.77 2.16∗∗∗ 0.03

Observations 65,478

To the extent some small differences in property characteristics remain, we control
directly for them
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Early vs. late PACE: unconditional balance test Back
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Impact on Tax Delinquencies – IV Analysis Back

(1) (2) (3)

Panel A: First stage Has a PACE loan

County adopted PACE 0.075∗∗∗ 0.075∗∗∗ 0.075∗∗∗

(0.013) (0.013) (0.013)

Observations 1,792,188 1,792,188 1,792,188

Panel B: Second stage Ever Delinquent

Has a PACE loan 0.049∗∗∗ 0.049∗∗∗ 0.049∗∗∗

(0.012) (0.012) (0.012)

Kleibergen-Paap F-statistic 31.41 31.41 31.19
Observations 1,792,188 1,792,188 1,792,188
Counties 59 59 59
Year FE x x x
Property FE x x x
Property characteristic bin FE x x
Credit controls x
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Robustness of capitalization effects: tax assessed values

Tax Assessed Value

(1) (2) (3)

Post PACE loan 0.014∗∗∗ 0.014∗∗∗ 0.016∗∗∗

(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 × Effective year built FE x x
Cohort × Borrower credit controls x

Baseline results on house price capitalization condition on PACE borrowers subsequently
selling in an arms-length transaction

▶ This half of the sample tends to be more positively selected

Due to Florida Save Our Homes Act, tax assessed value changes are capped at the
minimum of CPI inflation (≈ 1–2%) or 3% Back



Oster test for bias from unobservables Back

β∗ − β̂ ≈ δ
(
β̂ − β◦

) Rmax − R̂

R̂−R◦

δ Bias Adjusted β % of baseline

0.50 -0.0060 0.0620 119.1
0.75 -0.0090 0.0650 124.8
1.00 -0.0119 0.0680 130.5
1.25 -0.0149 0.0710 136.3
1.50 -0.0179 0.0739 142.0

For β∗ unbiased estimator, δ captures value for which unobservables-induced bias drives
pricing effect → 0

Unobserved heterogeneity would need to be substantially stronger than selection on
observables and operate in the opposite direction to explain away capitalization

▶ Compare to baseline estimate: β̂ = 0.056



No effect on refinancing for conforming loans Back

1{Refinance Mortgage}
(1) (2) (3)

Post PACE loan -0.0023 -0.0023 -0.0024
(0.0015) (0.0016) (0.0016)

Observations 994,147 994,147 994,147
Adj. R-squared 0.944 0.944 0.944
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 × Effective year FE x x
Cohort FE × Credit bureau controls x

Since 2010, Fannie Mae and Freddie Mac will not purchase mortgages in a junior position
to a PACE lien
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Computing county-level tax rates Back

We follow Horton et al. (2024), who map effective tax rates (ETRs) and statutory tax
rates (STRs) across the U.S.

Sample restrictions: 2015-19 to avoid COVID period, single-family homes and condos,
winsorize sale prices at the 1st and 99th percentiles

We compute ETRs as the average of the buyer’s tax bill in t+ 1 and seller’s tax bill in
t− 1 relative to the sale price in t:

ETRi,t =
TaxBilli,t+1 + TaxBilli,t−1

2 · SalePricei,t

STRs follow the same convention but using winsorized assessed values rather than sale
prices as the denominator
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What is the break-even %∆P for revenue? Back

Simple back-of-envelope calculation combining our DiD estimates

∆Rt,t+1 = τt+1︸︷︷︸
effective tax rate

×( ∆Pt,t+1︸ ︷︷ ︸
capitalization effect

− ∆Dt,t+1 · Pt︸ ︷︷ ︸
short-run tax revenue loss

)

▶ Upper bound %∆P ≈ 7.5% restricting to climate-proofing projects

▶ Lower bound %∆P ≈ 5.8% from baseline effect including all projects

▶ =⇒ range of revenue gains per loan-year of $185 to $250

Break even capitalization effect to cancel out delinquencies of %∆P = 1%

Florida has an assessment growth cap of %∆V = min{%∆CPI, 3%}
▶ Even if cap were binding for all households at inflation rate, still at break even

▶ We find average %∆V ≈ 2% after a PACE loan with an eligible project
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Borrower takeup rates clustered in Miami/Tampa Back

Takeup = ratio of owner-occupied SFH
properties with a PACE upgrade as of
2023 to total # in property tax roll

Note: counties can have PACE loans even
without a formal law

▶ Leon County Circuit Court case and
similar legal challenges

Avg. take-up rate across counties is 2%

▶ Take-up rate closer to 5% if reweight in
proportion to county composition in our
pricing sample

First-stage effect from IV: 6.3% for
pricing, 7.5% for delinquency sample
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Shift-share: decline in premia driven by insurers more
exposed to PACE Back

Dep. variable: log(Premiumi,c,t) (1) (2) (3) (4) (5) (6) (7)

PACEc,t × ExposureSharei,c,t -0.075*** -0.094*** -0.076*** -0.082*** -0.088*** -0.046* -0.058***
(0.021) (0.024) (0.025) (0.024) (0.017) (0.025) (0.017)

ExposureSharei,c,t 0.179*** 0.208*** 0.181*** 0.055*** 0.128*** 0.032*
(0.045) (0.047) (0.047) (0.017) (0.047) (0.017)

PACEc,t 0.020 0.027**
(0.012) (0.013)

Population 0.041
(0.196)

% Black 0.541
(0.799)

% Hispanic 0.778
(0.761)

Unemployment rate -0.131
(0.224)

% Bachelor’s degree or higher 0.139
(0.211)

Abnormal property damage -0.000
(0.000)

Sample All All All All All Wind Wind
Estimator OLS OLS OLS OLS Stacked OLS Stacked

Observations 40,614 23,087 40,614 40,593 214,823 39,959 212,278
Adj. R-squared 0.764 0.771 0.762 0.794 0.782 0.801 0.814
Insurer FE Yes Yes Yes – Yes Yes Yes
Year FE Yes Yes – – – – –
County FE Yes Yes – – – – –
County × Year FE No No Yes Yes Yes Yes Yes
Insurer × Year FE No No No Yes No No No



FEMA disaster applications fall around Irma for areas
with PACE access Back

Yb = β · PACEb + αg + ϵb

Dependent Variable Extensive Margin Intensive Margin Mean

Applications -0.0270** -0.0740 0.4001
(0.0125) (0.2296)

Inspections -0.0203*** -0.1892 0.1419
(0.0057) (0.1188)

Rental assistance ($) -9.394* -24.50 75.3748
(5.448) (122.1)

Repair assistance ($) -8.882** -107.3* 22.0627
(3.437) (59.02)

Real property damage ($) -6.475 -39.94 46.5853
(5.164) (89.96)

Personal property damage ($) -2.645 -56.83** 11.6732
(1.699) (26.34)

Within a block group, compare blocks where at least one house has a PACE upgrade
(PACEb = 1)



Theory Appendix



Model details: environment

Borrower type is θ ∈ {P, S}, with different probabilities of low cash flow

0 < pP < pS < 1, Y ∈ {YL, YH}

A household owns a house worth V , owes mortgage repayment M , and considers a
project costing I

With promised HELOC and PACE repayments ZHELOC and ZPACE, total housing debt
service is

B = M + ZHELOC + ZPACE

dθ(B) = Pr(Y < B | θ) =


0, B ≤ YL,

pθ, YL < B ≤ YH ,

1, B > YH

Project j creates value ∆Vj = γjI, with γPACE > γHELOC > 0

Back
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Model details: credit access
A competitive junior HELOC lender breaks even at

RHELOC(pθ) =
1

1− pθ

Repayment must remain feasible in the high cash-flow state, so maximum HELOC
capacity is

L
HELOC

(pθ) = (1− pθ)(YH −M),

which decreases with borrower risk pθ

In the model’s parameter region,

I ≤ L
HELOC

(pP ), I > L
HELOC

(pS)

Prime HHs can finance the project with a HELOC, while subprime HHs cannot

A super senior PACE loan can finance the entire project for a constrained household when

RPACE
S ≤ γPACE

Back
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Model details: pricing, delinquency, and capitalization

PACE pricing with provider market power

RPACE
P = 1 +

(
γPACE − γHELOC

)
, RPACE

S = γPACE,

RPACE
S −RPACE

P = γHELOC − 1 > 0

Delinquency
∆D(θ) = pθ > 0, ∆D(S) > ∆D(P )

Capitalization

∆V PACE −∆V HELOC =
(
γPACE − γHELOC

)
I > 0

For constrained households, PACE also creates an extensive margin gain because they
could not otherwise undertake the project

Back
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Ex Ante Mortgage Lending Results



How might mortgage lenders respond to PACE?

Simple conceptual framework where lenders make underwriting decisions with vs. w/o
PACE availability to mortgage borrowers

▶ Two-period model: HH makes downpayment and buys house in t = 1 and then decides on
PACE in t = 2

Crowdout: reduce mortgage supply due to loss given default ↑ and default probability ↑
▶ PACE super seniority makes other loans less liquid on secondary market

▶ CDTI higher w/PACE, leading to strategic defaults on mortgage (Ganong & Noel 2023)

Crowdin: collateral recovery value grows if PACE loans are used to finance projects which
result in ∆P >> 0

▶ Default prob. might decline if projects generate new cash flows (e.g. energy savings or lower
HO insurance premia) put towards making mortgage payment

Ultimately an empirical question which force dominates!
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Summary of our findings – mortgage crowdin after PACE

Lendingi,c,t = β · PACE adoptionc,t + γ′ ·Xi,c,t + αc + δt + εi,c,t

Using DiD estimators with county-level staggered adoption (Cengiz et al. 2019; Sun &
Abraham 2021; Baker et al. 2022), we find...

1 Loan approvals ↑ for both purchase and refinance mortgages Robustness Rates

⋆ 1.3 p.p. ↑ in approval rate, or 2% increase relative to t = −1

2 Credit supply response concentrated among higher risk (i.e. high LTI) borrowers

3 Driven by loans which are subsequently private-label securitized

4 8% ↓ in home improvement loan demand (applications) HI loans

⋆ Two opposing effects: PACE is substitutable for HELOC for qualified borrowers, but HELOC
allows for “top-up” funding to do multiple HI projects
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Credit supply expands due to improved collateral values
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Effect grows over time with PACE takeup =⇒ not an anticipatory effect Stacked DiD

Placebo: no effect on approvals if randomly assign adoption dates Dates Conventional
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Credit supply ↑ driven by high-risk borrower approvals
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High/low risk proxied by above/below median loan-to-income (LTI) ratio

=⇒ democratization of access to credit in primary mortgage market
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New mortgage loans are private-label securitized
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In response to PACE passage in California, GSEs announced in July 2010 that they would
not purchase mortgages with a PACE lien attached due to super seniority
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Decline in home improvement loan applications Back
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Avg. number of HI loan applications in a tract-year =⇒ 0.5/6 ≈ −8% decline

PACE substitutes for HELOC despite rate spread due to concerns about credit score
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Pooled SA DiD mortgage market results Back

Dep. variable: Approval PriSec RateSpread
(1) (2) (3) (4) (5) (6)

PACE adoptionc,t 0.013∗∗∗ 0.016∗∗∗ 0.021∗∗∗ 0.008∗∗∗ 0.010∗∗∗ 0.016∗

(0.002) (0.002) (0.002) (0.002) (0.004) (0.009)

Loan type Purchase Refinancing Purchase Purchase Purchase Purchase

Borrower Sample: All All High LTI Low LTI All All

Observations 2,136,429 1,705,797 1,037,778 1,098,026 1,817,657 624,855

R-squared 0.086 0.178 0.090 0.089 0.523 0.153

Census tract FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Lender FE Yes Yes Yes Yes Yes Yes

Borrower Controls Yes Yes Yes Yes Yes Yes

Mean Dep. Var. 0.843 0.843 0.836 0.874 0.328 0.945
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Rates on for-purchase loans ↑ after PACE adoption Back
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Rate ↑ even conditional on applicant characteristics

Consistent with model framework, since expected CLTI will be higher with PACE
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Stronger response of approvals for conventional loans
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Unsurprising given that conventional loans are not government-backed, and therefore
super seniority of PACE is less of an issue Back
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Using precise treatment timing based on tax roll matters
for mortgage market results Back
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TaxYear-based treatment dates

Still, no evidence of crowdout even if we use purely news-based PACE adoption dates
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Mortgage lenders’ responses à la Holmstrom/Tirole (1)

Households’ expected utility function with mortgage repayment D, PACE repayment ℓ,

and random income R̃2:

U(A,D) = −A︸︷︷︸
down payment

+ β

∫ D+ℓ

R
R̃2 dF (R̃2)︸ ︷︷ ︸

Expected utility if default

+ β

∫ R

D+ℓ
R̃2 −D − ℓ dF (R̃2)︸ ︷︷ ︸

Expected utility if no default

HH defaults whenever R̃2 < D + ℓ, and PACE increases probability of default (CDTI ↑)

Lender’s have profit function with discount factor δ > β (gains from trade):

Π(A,D) = −(H0 −A)︸ ︷︷ ︸
Loan amount

+ δ

∫ D+ℓ

R
H +∆H − ℓ dF (R̃2)︸ ︷︷ ︸

Expected profit if borrower defaults

+ δ

∫ R

D+ℓ
D dF (R̃2)︸ ︷︷ ︸

Expected profit if borrower does not default

PACE loans have a theoretically ambiguous effect on lenders’ profits! Back



Mortgage lenders’ responses à la Holmstrom/Tirole (2)

Assume R̃2 uniformly distributed and optimal repayment D∗ ∈ [R, R]

First-order condition for households: Back

β

∫ R

D+ℓ
dF (R̃2)− β(D + ℓ)f(D + ℓ)︸ ︷︷ ︸

Marginal NPV cost of more debt repayment

=

δ(H +∆U − ℓ)f(D + ℓ) + δ

∫ R

D+ℓ
dF (R̃2)− δDf(D + ℓ)︸ ︷︷ ︸

Marginal NPV benefit of lower downpayment

Key observation ∂D/∂∆H > 0: lenders more willing to supply credit when collateral
recovery value is greater (i.e. loss given default is lower)

▶ Since, ∆H is independent of R̃2, can think of this as lenders follow local HPI

▶ Empirical results: ∆H from PACE-financed projects is large enough to avoid crowdout
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