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How TO ACCELERATE THE CLIMATE TRANSITION OF HOUSING?

Greater investments are necessary for climate change mitigation
1 Homes accounted for 16% of global energy-related emissions in 2022 (IEA, 2023)

1 Total global investment in mitigation alone is currently $28.7 bil./year for RE
1 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 1in every 10 homes in the US was impacted by natural hazards in 2021 (CoreLogic 2022)
1 Insurance markets unraveling in areas exposed to many climate risks (e.g. Florida)
1 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 1
impact-resistant windows o er better insulation and storm protection
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REAL EFFECTS OF UNRAVELING

Homeowners Policies Surging in Florida
Average homeowners insurance rates in Florida have tripled this decade
/ Florida premiums US premiums
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Source: Insurance Information Institute

HOME INSURANCE MARKETS

Surge in Existing Homes for Sale
Southwest Florida is seeing a spike in active listings of single-family homes
W December 2023 listings M December 2022 listings
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Source: Realtor Association of Sarasota and Manatee; Royal Palm Coast Realtor Association; Naples
Area Board of Realtors; Realtors of Punta Gorda-Port Charlotte-North Port-DeSoto Inc.
Note: Cape Coral-Fort Myers data are for Jan. 2023-Jan. 2024

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



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 o 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

1 Govt.-backing allows constrained subprime borrowers to obtain home equity credit
1 Project is not pledgeable, so underlying collateral held xed

Question: does PACE nancing 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. ‘... n
Breaches the priority of traditional c
mortgages (super seniority).

Consumer Financial
& r Protection Bureau

E ciency: Allows nancially constrained
households to invest in (green) projects

PACENat|On that improve their home equity value by

lowering homeowners insurance costs.

Building the clean energy economy

Ultimately an empirical question which forces dominate!
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SUMMARY OF OUR EMPIRICAL FINDINGS
PACE relaxes nancing constraints and expands home improvement investment

1 PACE borrowers are 45% are subprime vs. 7% for HELOC borrowers
1 Sharp increase in PACE-eligible projects around origination

PACE borrowers pay a large interest rate premium

1 Prime borrowers pay 240{270 bps more than comparable HELOC borrowers
1 Premium is another 30{40 bps higher for subprime borrowers

PACE increases household nancial distress

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

PACE- nanced investments create and capitalize substantial value

1 Sale prices increase by 5.8%, with larger gains for climate-proo ng projects
1 Homeowners insurance premia fall by 3{5% ) implied discount rates of 2.7{3.6%
1 No evidence that PACE reduces households’ ability to re nance



PACE EXPANDS NET FISCAL POSITION OF LOCAL GOVT.

Simple back-of-envelope calculation combining our DiD estimates

R s S =/ i S et L

e ective tax rate  capitalization e ect  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...
1 Assumes 100% of the delinquency costs are borne by local govt.
= Municipal bond investors bear some of incidence when coupons backed by PACE payments

1 Ignores spillover e ects on local employment (e.g. through contractors) or investment
spending (e.g. through peer e ects)
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CONTRIBUTIONS & RELATED LITERATURE
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 xed

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

Green nancial contracts & barriers to environmental investment
Fowlie et al., 2018; Flammer, 2021; Berkouwer and Dean, 2022; Kim et al., 2025
T PACE shows how contract design relaxes barriers to household green investment

PACE, climate adaptation & property markets

Kirkpatrick and Bennear, 2014; Goodman and Zhu, 2016; Bernstein et al., 2019; Baldauf et al., 2020;
Mur n 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 quali ed energy e cient and climate-proo ng home improvement projects
where borrowers pay back debt through annual local property tax bill.

Quali ed uses are fairly expansive: solar panels, HVAC upgrade, (re)roo ng,
impact-resistant windows/doors, generator, water conservation, etc.

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')

1 Municipal backing keeps xed interest rate lower than other subprime debt products
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How PACE WORKS IN PRACTICE

How does the PACE

Your home with greater

program works? energy efficiency and reduced

greenhouse gas emissions

Energy efficiency
upgrades are
completed

Property owner signs
contract with
PACE program

PACE Loan repaid through
property fax assessments
(up to 20 years)

Municipal PACE program PACE program provicles funding Energy Improvements
Funds provided by 3rd party to project (through 3rd party) PACE approved Contractor

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

Two application methods:

Apply directly through district or underwriter's website
Work with PACE-quali ed registered contractor on home improvement project, and

contractor forwards your application to district operating in that area
Screening process:

I Lender may perform a hard credit inquiry but cannot use FICO score in approval decision
I Credit inquiry used to uncover DTI, payment delinquency, and bankruptcy history
I PACE loan can't exceed 10% of income or 20% LTV, and property CLT\100%

At origination:

I Notice of assessment lists the loan terrhs led with town clerk (borrower CC'ed)

I Notice of commencement attached to loan details the home improvement project
=) dicult to commit fraud using loan proceeds towards unquali ed use
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