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Abstract of Dissertation

Abate Your Enthusiasm: Three Essays on Philadelphia’s Abatement Policy

This dissertation consists of three essays, each related to Philadelphia’s abatement policy

which exempts the value of new construction from 10 years of property taxes.

The dissertation begins with an introduction that provides background on Philadelphia’s

abatement policy.

The existing literature has failed to reach a consensus on the extent property taxes are

capitalized into home prices. Chapter 1 discusses why the abatement policy provides an

ideal natural experiment for testing the capitalization of property taxes. Chapter 1 uses a

triple difference identification strategy and data from Zillow’s ZTRAX database to estimate

the effect of the tax benefits on the prices of new homes. The point estimate for the initial

degree of capitalization is 104%, consistent with full capitalization.

The temporary nature of the tax benefits allows for an additional contribution to the

literature. Chapter 2 estimates how the capitalization evolves over time. This is accom-

plished by measuring the effect of the abatement policy on the prices of homes of different

ages using the same identification strategy used in Chapter 1. As abatements approach ex-

piration, the tax benefits are significantly over-capitalized, meaning buyers are overpaying

for soon-to-expire abatements. The remainder of Chapter 2 discusses various behavioral

mechanisms that may drive this result. This discussion includes the new result that mort-

gage delinquencies rise around the time of abatement expiration.

Finally, Chapter 3 examines the supply response to the enactment of the abatement

policy in 2000. A theoretical model is developed and calibrated to estimate the impact on

construction, prices, and tax revenue. The initial impact on construction is large; the long-

term impacts are a slight increase in construction and a moderate decrease in the prices of

existing homes. This is consistent with observational data showing a construction boom in

Philadelphia in the 2000s. However, a synthetic control analysis of the effects of the policy
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cannot reject null results. This is because the construction boom in Philadelphia coincided

with increases in similar cities. Chapter 3 concludes that the null results are likely due to

new housing prices in Philadelphia being well below the cost of construction prior to the

policy’s implementation.
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Introduction

Since 2000, the City of Philadelphia has provided a 10-year exemption from property taxes

on the value of newly constructed or significantly improved1 properties. The owner of a

newly constructed property pays taxes on only the value of the underlying land for the first

10 years.2 The goal of the policy is to stimulate development. The policy should accom-

plish this goal for build-to-sell properties by increasing the initial sales price developers

receive.

Philadelphia’s Office of the Controller reported that as of 2017, there were 14,345 ac-

tive abatements for a total of $6.67 billion in abated value, or 6.6% of all assessed value.

With Philadelphia’s 1.4% property tax rate, this translates to an aggregate annual tax benefit

of $93 million, which is 2.2% of total city tax revenue. The average abatement amount was

approximately $465,000, with considerable variation. Table 0.1 provides additional statis-

tics about abatements by type (new construction versus improvements), property types, and

property value.

The tax policy applies equally to residential, commercial, and industrial properties.

There are no special requirements, limits, or restrictions. Abatements are granted at the

property level and are automatically transferred to the new owner if the property is sold.

The empirical analysis in this dissertation examines new construction abatements only.

These constitute 67% of all abatements and 70% of abated value. This dissertation also

focuses on residential properties, which make up 98% of all abatements and 89% of abated

value.

While this policy may not be unique, similar programs in other cities tend to be less

generous or have numerous restrictions and requirements. For example, the Baltimore city

government grants a nontransferable exemption for 50% of the value of new construction

1Improvements qualify if completed under a City-issued construction permit and increased the assessed
value of the property.

2On January 1, 2022, a reformed abatement policy went into effect, which phases out the tax benefits over
the 10-year abatement period. However, this analysis focuses on the original policy and uses data from before
the reform.
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Table 0.1. Abatement Statistics

Number Abated Annual Avg.
of Value Tax Benefit Abated Value

Abatements ($ Billions) ($ Millions) ($ Thousands)
Abatement Type
New Construction 9,659 4.70 65.8 487

Improvement 4,686 1.97 27.6 420
Property Type

Hotels and Apartment Buildings 1,448 2.10 29.4 1,450
Condominiums 5,448 1.99 27.9 365

Single-Family Homes 6,956 1.72 24.1 247
Commercial 324 0.74 10.4 2,284

Abatement Value
Abatement > $1 Million 647 3.11 43.5 4,807
Abatement ≤ $1 Million 13,698 3.56 49.8 260

Total 14,345 6.67 93.4 465
Notes: Selected abatement statistics from the Philadelphia Office of the Controller’s 2018 report "An Analy-
sis of Tax Abatements in Philadelphia," which uses Office of Property Assessment data from 2017.

and specific improvements, which phases out over five years. New York City’s program

comes with many requirements, such as creating affordable units, and it does not apply to

properties in many areas of the city, including all of Manhattan.

Philadelphia’s abatement policy’s scale and simplicity make it ideal for studying the

effects of tax incentives designed to boost development and the reactions of homebuyers

to those programs. Specifically, Chapter 1 examines the capitalization of the tax benefit

into the prices of newly built residential properties and finds full capitalization. Chapter 2

looks at how capitalization evolves over the 10-year life of the abatement and investigates

explanations for the over-capitalization of soon-to-expire benefits. Chapter 3 estimates the

theoretical and empirical effects of the abatement policy on housing supply, prices, and tax

revenue.
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1 Initial Capitalization of Property Tax Incentives: Evidence from Philadelphia

1.1 Introduction

The extent to which property tax differentials are reflected in home prices has significant

ramifications for the fairness and efficiency of property taxes and the allocative efficiency

of locally financed public services. If property taxes are fully capitalized, any changes to

the tax are immediately reflected in home prices, and the costs or benefits accrue to the

current owners. This can pose a problem for the Tiebout (1956) mechanism of foot voting

as homeowners cannot escape the effects of fiscal changes by moving. Consequently, there

is substantial empirical literature on property tax capitalization, starting with Oates (1969),

well summarized by Yinger et al. (1988), and more recently by Sirmans et al. (2008).

Many studies use tax variation over time or among jurisdictions to estimate the degree

of capitalization. This approach can make it difficult to separate the effects of different

levels of taxes from the effects of the services financed by the taxes. Other studies avoid

this problem by using intra-jurisdictional variation in taxes from a change or discrepancy in

assessment practices. These studies are necessarily sensitive to assumptions about whether

the change is anticipated and how persistent the new practices are expected to be. Finally,

all studies must translate differences in home prices to a capitalization rate by dividing by

the net present value of any tax differences. Recent work by Giglio et al. (2015) and (2021)

shows that homeowners assign significant value to cash flows far into the future. This

means estimated capitalization rates can be extremely sensitive to the assumed discount

rate.

Therefore, it is not surprising that empirical studies have come to varied conclusions

about property tax capitalization. Some have found full or nearly full capitalization, like

Palmon and Smith (1998), Moulton et al (2018), and Schwegman and Yinger (2020) for

rental properties. The most common finding is partial capitalization, as Rosen (1982),

Gárate and Pennington-Cross (2023), and others demonstrate. Other studies even find zero
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or negative capitalization, e.g., Brasington (2001).

Philadelphia’s property tax abatement policy, which exempts new development from

10 years of property taxes, provides an ideal natural experiment to test capitalization. In

Philadelphia, abated and unabated properties are entitled to the same services, so comparing

such properties avoids the issue of unobserved differences in services. Furthermore, the

duration of the tax benefits should be known to buyers and sellers and short enough that

the present value is not particularly sensitive to the discount rate. Additionally, because

such simple rules govern the abatements, one need not worry about differential assessment

practices or the simultaneity between effective tax rates and home prices. Using the tax

variation created by the abatement policy also adds to the existing literature by measuring

capitalization in the unique setting of a property tax incentive and offers insights into the

effectiveness of such programs.

This chapter uses a triple difference identification strategy to estimate the premium

paid for an abated property in this ideal setting. The two differences isolate the abatement

premium from market effects and depreciation by subtracting the price change of older

properties from the price change of younger properties with amortizing abatements. This

estimate of the abatement premium is biased because of possible abatement-independent

new home premiums and other sources of non-linear depreciation. The third difference

eliminates this bias by subtracting the same differences for properties of the same age not

subject to the abatement policy.

Zillow ZTRAX transaction data is used to estimate the abatement premium and degree

of capitalization. The point estimate of tax benefits capitalization into new construction

price is 104%. This is consistent with full capitalization and with theory if markets are

efficient. It agrees with Palmon and Smith (1998), who report capitalization using a natural

experiment and assuming the persistence of differential taxation. This chapter extends the

finding to the context of a tax incentive.

The rest of this chapter proceeds as follows. Section 1.2 derives the theoretical pre-
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mium. Section 1.3 explains the empirical estimation strategy. Section 1.4 reviews the data

used in estimation. Section 1.5 presents the initial full capitalization results. Finally, Sec-

tion 1.6 concludes and considers the policy implications.

1.2 Theoretical Initial Abatement Premium

If the market is informationally efficient, an abatement’s benefits should be fully capitalized

into an asset price premium. The abatement premium is the size of this price increase

as a percentage of unit value. The theoretical premium is simply the present value of

the discount in tax payments. The theoretical premium also serves as the denominator

when calculating the capitalization rate. This section explains how the theoretical premium

is calculated and shows that it is insensitive to assumptions about discount rates and tax

increases.

Let ρ be the tax rate, and E represent the fraction of value exempted from taxation.

The yearly benefit from the abatement (expressed as a fraction of home value) is ρE. Let

π0 denote the abatement premium for a newly constructed home. The abatement premium

is defined as the premium paid for an abated home over an equivalent unabated home

expressed as a percentage of pre-abatement value. Let r be the appropriate discount rate, g

the expected tax growth, and i index the years of remaining abatement. Then the theoretical

abatement premium for a newly constructed home is given by equation (2.1).

π0 =
10

∑
i=1

(1− r+g)i−1
ρE (1.1)

The Philadelphia Office of Property Assessment attributes 85% of the assessed value

of homes to the structure, with the remaining 15% attributed to the land for all property

types. Consequently, newly constructed homes receive an 85% property tax discount. The

tax rate is about 1.4%. If r-g = 3%, the initial abatement premium π0 = .104. This means

that a newly constructed and abated home should sell for 10.4% more than an equivalent
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unabated home based on the expected discounted present value of the abatement.

The true value for r-g is unknown. The average 30-year mortgage rate (accounting for

fees) was about 5.3% during the period studied here3. Meanwhile, national home prices

rose by about 3.9% a year4 and Philadelphia home prices by about 4.6% during the study

period. This implies that r-g may be 1% or lower. On the other hand, there is considerable

inertia in Philadelphia tax assessments, as discussed by Hou et al. (2021). This means the

annual growth in assessed value may be negligible for the first 10 years. It follows that the

appropriate value of r-g may be closer to the ≈5% financing rate. The theoretical abatement

premium is fortunately not terribly sensitive to the value of r-g because of the finite length

of the abatement. If r-g = 1% or 5%, π0 = .114 or .096 respectively.

1.3 Identification Strategy

The empirical abatement premium is estimated using a triple difference (DDD) identifica-

tion strategy. This section explains the intuition behind this identification strategy, gives the

stochastic specification used to estimate the premium, and presents and tests the model’s

assumptions. Then, the model is adapted to measure the abatement’s effect on mortgage

delinquencies.

To illustrate the intuition of the identification strategy, let Pi,t,α be the price of home i

of age α at time t.

lnPi,t,α = γt +θi +µα +πα + εi,t (1.2)

Here the parameter of interest is π0, a special case of πα . This is the abatement age

effect at age 0. γt measures local market prices at time t, θi reflects the value of immutable

characteristics of the home, µα is a universal age effect, and εi,t is an error term. The

universal age effects may include ordinary linear deprecation, non-linear depreciation, and

any special age effects for newly constructed properties unrelated to the abatement.

3Source: Freddie Mac
4Source S&P/Case-Shiller U.S. National Home Price Index
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The home characteristics θi can be differenced out using either property fixed effects or

repeat sales. This is the first difference in the DDD identification.

∆lnPi,s,t,αs,αt = lnPi,t,αt − lnPi,s,αs = γt − γs +µαt −µαs +παt −παs + εi,t − εi,s (1.3)

Next, the linear part of deprecation δ (t − s), included in µαt −µαs , is split from the age

effects. The remaining age effects are denoted by µ∗. Substituting µ∗ into (1.3) gives

∆lnPi,s,t,αs,αt = γt − γs −δ (t − s)+µ
∗
αt −µ

∗
αs +παt −παs + εi,t − εi,s (1.4)

The market inflation effects γ cannot be identified separately from linear depreciation

δ because the change in age (t − s) is perfectly collinear with the dummy variables for the

sale dates, as shown by Harding et al. (2006). This is not a concern for the hypothesis

being tested here. The terms γt − γs − δ (t − s) are replaced with γ∗, the price inflation net

of linear depreciation.

∆lnPi,s,t,αs,αt = γ
∗
t − γ

∗
s +µ

∗
αt −µ

∗
αs +παt −παs + εi,t − εi,s (1.5)

Now assume, for the time being, that after age T, the age effect µ∗ is reduced to 0. This

assumption will be relaxed later. Assume T is greater than the life of the abatement, i.e. π

is reduced to 0 by T. Home i and home j were both sold at time t and again at time s. Home

i was α i,t ≤ T years old at time t and α i,s > T years old at time s. Meanwhile, home j was

more than T years old at both time t and time s.

∆lnPi,s,t,α i,s,α i,t = γ
∗
t − γ

∗
s +µ

∗
α i,t +πα i,t + εi,t − εi,s (1.6)

∆lnPj,s,t,α j,s,α j,t = γ
∗
t − γ

∗
s + ε j,t − ε j,s (1.7)

Taking the difference between these two differences in (1.8) leaves only the age effect

7



µ∗
α i,t , the abatement premium πα i,t , and an error term. This is the second difference in the

DDD strategy.

∆lnPi,s,t,α i,s,α i,t −∆lnPj,s,t,α j,s,α j,t = µ
∗
α i,t +πα i,t +∆εi −∆ε j (1.8)

Measuring the true abatement premium requires disentangling the age effects from the

abatement effect. This separation requires data from newly constructed homes not subject

to the abatement policy. Philadelphia properties built before the enactment of the abatement

policy in 2000 are one possible source of unabated properties. However, the available

data goes back only to 1994, and construction activity was very low in Philadelphia in

the 1990s. Consequently, there are few observations of young but unabated properties in

the Philadelphia sales data, making it challenging to separate abatement premiums from

universal age effects. It is still possible to estimate abatement premiums reasonably using

solely Philadelphia properties but only for abated properties aged 0-10 as a whole. This is

shown in column (1) of Table 1.2.

Data from the neighboring Pennsylvania counties is added to estimate the premiums for

each age separately. Specifically, the estimation uses data from Bucks, Chester, Delaware,

and Montgomery counties, in addition to Philadelphia County, which is coterminous with

the city. Note that data from neighboring counties is only used to separate universal new

construction age effects from the abatement effects. The source of tax variation remains the

intra-jurisdictional variation due to the abatement policy. Stated differently, no assumptions

about the tax rates or public services in the other jurisdictions need to be made. The only

assumption is that these jurisdictions do not preferentially tax new development, which

they do not.

Now assume home i’ also sold at age α i′,t ′ = α i,t ≤ T and then again after age T but

was not subject to the abatement policy. Suppose home j’ sold at the same times and in the

same market as home i’ but was older than T both times. In this case, the i’-j’ difference

8



will contain only the universal age effect and the error terms.

∆lnPi′,s′,t ′,α i′,s′ ,α i′,t′ −∆lnPj′,s′,t ′,α j′,s′ ,α j′,t′ = µ
α i′,t′ +∆εi′ −∆ε j′ (1.9)

The final difference in the DDD strategy is subtracting the i’-j’ difference from the i-j

difference leaving only the abatement premium and an error term.

(∆lnPi −∆lnPj)− (∆lnPi′ −∆lnPj′) = πα i,t +(∆εi −∆ε j)− (∆εi′ −∆ε j′) (1.10)

1.3.1 Property Fixed-Effect Stochastic Specification

The above DDD logic is the basis for identification in the stochastic specification shown in

equation (1.11).

lnPi,t = θi +∑
ℓ

∑
t

γℓ,tIℓ,i ∗Yeart + ∑
α≤T

µαAgeα,i,t + ∑
α≤10

παAbati ∗Ageα,i,t + εi,t (1.11)

As before, the µα ’s are the universal age effects, and the πα ’s are the abatement age

effects. Iℓ,i is a location indicator variable at the ZIP code level, and Abati is an indicator

variable for abated properties. Yeart is a set of year dummy variables and theγℓ,t’s reflect

the local market effects. Similarly, Ageα,i,t is a set of dummy variables equal to 1 if the

property was α years old in year t and 0 otherwise.

Alternatively, to see how buyers value abated properties on average, we can replace this

term with a simple dummy equal to -1 if the abatement expired between the two sales.

The assumption that age effects and non-linear deprecation end after T years can be

relaxed in various ways. The simplest and most flexible way is to increase the number of

universal age effects, as these non-parametrically capture any deprecation up to age T. To

allow fully non-parametric depreciation, T = ∞ with one age omitted as a base case. How-

9



ever, this makes the age and year dummies perfectly collinear. To prove this result, let Y be

a vector of year values with one year omitted and Γi the vector of year dummies. Similarly,

let A be a vector of all but one possible property age and Mi the vector of age dummies. In

this case, Y ′Γi = A′Mi for all i, as both equal the number of years elapsed between sales.

This is easily remedied by omitting either a second age dummy or a second year dummy.

Once this is done, Y ′Γi ̸= A′Mi for those observations where the two sales happen at the

base ages/years. These observations will have either their linear deprecation or market ap-

preciation normalized to be 0, with the opposite parameters adjusted to compensate. This

means the trendline of universal age effects is not identified separately from the trendline of

price appreciation, but does this not pose an issue for identifying the abatement premium.

The data period of 1994-2020 includes the enactment of the policy period and a rapid

increase in construction. It is possible that properties and lots developed soon after the

introduction of the policy are systematically different from those developed later. As a

robustness check, Appendix A contains estimation results for properties built from 2000 to

2004 as the only abated properties. These results are qualitatively similar to the preferred

specification.

Different types of homes may have systematically different depreciation rates or age

effects. For example, single-family homes on large lots may depreciate slower due to

the value of the land. This can bias the estimated abatement premiums if certain types

of properties are disproportionately abated. This is accounted for by adding additional

controls for property type interacted with the Ageα indicators. Note that including ZIP

code specific γℓ,t already allows for different (linear) depreciation rates in each ZIP code.

1.3.2 Localized Price Trends

Abated properties may be disproportionately built where prices rise more quickly. Absent

controls for local price trends, this would violate the parallel trends assumption, and the

estimated abatement premiums would be biased downwards as the market price inflation
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Figure 1.1. High Abatement ZIP Codes

Notes: Top 10 ZIP codes by abatement concentration are shown in blue. Source: Zillow ZTRAX data.

offsets the premium amortization. The top 10 ZIP codes by abatement concentration are

mapped in Figure 1.1. Together these 10 ZIP codes account for nearly 80% of all abated

properties in the data. Abated properties are concentrated near Center City and Northwest

Philadelphia. Annual price indices for these 10 ZIP codes and the other areas in the dataset

are plotted in Figure 1.2. Areas with high abatement concentration had more rapid price

appreciation both before and after the policy enactment. ZIP code-specific market prices

γℓ,t account for this.

1.3.3 Validating Identifying Assumptions

This identification strategy has two major identifying assumptions. The first assumption

is analogous to the parallel trends assumption in a standard difference-in-difference model
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Figure 1.2. Price Trends: High vs. Low Abatement ZIP Codes

Notes: Repeat sale price indices for high and low abatement ZIP codes. Year 2000 is normalized to 100. High
abatement ZIPs are the top 10 ZIP codes by abatement concentration. Low abatement ZIPs are all other ZIP
codes in Philadelphia and surrounding Pennsylvania counties. The shaded areas represent 95% confidence
intervals. Source: Zillow ZTRAX data 1994-2020.

that requires treated and untreated units to follow the same trends prior to treatment. How-

ever, with newly constructed homes, there is no pre-treatment period. Instead, the critical

assumption is that abated and unabated properties of the same property type depreciate

similarly after abatement expiration. The second assumption is that any differences in de-

preciation rates prior to expiration are due to the abatement amortization and not other

inherent differences between abated and unabated properties. These assumptions are illus-

trated with stylized depreciation curves in Figure 1.3.

The assumption of similar depreciation after abatement expiration can be tested directly

by examining how the difference between abated and unabated home prices evolves as the

abatement ages out of existence. This is illustrated in Figure 1.4. After normalizing the age
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Figure 1.3. Stylized Depreciation Curves Abated vs. Unabated

Notes: Stylized illustration of two identifying assumptions. The distance between the curves is assumed to
be the price premium paid for the abatement’s tax benefits. The curves are assumed to be identical once the
abatement has expired.

12 difference to 0, the 95% confidence intervals for ages 11+ all contain 0, consistent with

the identifying assumption. The null hypothesis that the age 12+ differences are all jointly

0 (p=.382 with all controls) cannot be rejected. However, the hypothesis that the age 11+

differences are all jointly 0 (p=.063 with all controls) is marginally significant. Therefore,

the final model specification allows for differences at age 11.

There may be inherent differences between abated and unabated properties other than

the abatement itself. These differences may violate the second assumption that all differ-

ences in depreciation are due to the amortizing tax benefits. To address these concerns, a

propensity-score matched sample is used as a robustness check, and the results, available

in Appendix A, are consistent with the preferred specification.
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Figure 1.4. Abated vs. Unabated Difference in Home Prices by Age

Notes: Abated less unabated difference in average log home price with various levels of controls. The age 12
differences are normalized to 0. The null hypothesis that the age 12+ differences are all jointly 0 (p=.382 with
all controls) cannot be rejected. However, the hypothesis that the age 11+ differences are all jointly 0 (p=.063
with all controls) is marginally significant. Therefore, the final model specification allows for differences at
age 11. The shaded areas represent 95% confidence intervals. Source: Zillow ZTRAX data 1994-2020.

1.3.4 Estimation Strategy and Two-Way Fixed Effects Considerations

The baseline model uses property fixed effects. However, there is no reason the model

cannot be estimated with a hedonic regression instead. The stochastic specification using

a hedonic model is given by (2.11). Here the property fixed effects are replaced by βX ,

where X is a vector of home characteristics and β is the associated shadow prices.

lnPi,t = βX +∑
ℓ

∑
t

γℓ,tIℓ,i ∗Yeart + ∑
α≤T

µαAgeα,i,t + ∑
α≤10

παAbati ∗Ageα,i,t + εi,t (1.12)
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However, a hedonic regression requires correctly specifying the vector of home char-

acteristics X . This may be especially important because abated properties may vary from

others in various unobserved or observed but challenging-to-model ways. For example,

lot size may be less significant for condos, which are disproportionately prevalent amongst

abated properties. Nevertheless, the hedonic approach is included in Appendix A as a

robustness check, and the results are qualitatively similar. Furthermore, the estimated co-

efficient of the abatement dummy variable in the hedonic specification is close to 0 and not

statistically significant, which provides further evidence that abated properties are valued

similarly to unabated properties outside of a premium while the abatement is active.

Another possible approach is to use a repeat sales model. The stochastic specification

using a repeat sales model is given by (1.13).

lnPi,t − lnPi,s = ∑
ℓ

∑
τ

γℓ,τ Iℓ,i ∗Year∗s,t + ∑
α≤T

µαAge∗α,i,s,t + ∑
α≤10

παAbati ∗Age∗α,i,s,t + εi,s,t

(1.13)

Here Year∗s,t is a set of dummy variables equal to 1 in year t (the period the property

was sold), equal to -1 in year s (the period of the previous sale), and equal to 0 in all other

years.5 Similarly, Age∗
α,i,s,t is a set of dummy variables equal to 1 for the property’s age in

year t, -1 for the property’s age in year s, and 0 otherwise.

The repeat sales model is mathematically identical to the property fixed effects ap-

proach except that it weights the observations differently. Nevertheless, recent develop-

ments in the literature on using two-way fixed effects to estimate difference-in-difference

models give reasons to prefer repeat sales weighting. Goodman-Bacon (2021) showed

that the DiD estimator is a weighted average of treatment effects with variance-based

weights. These weights may not be intuitive or optimal if cross-sectional units have dif-

fering amounts of observations pre- and post-treatment. This would occur if an abated

5Location/year-bought/year-sold fixed effects can be used as an alternative to the Year∗t terms with similar
results.
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property sold multiple times after abatement expiration. This problem is solved with the

repeat sales approach, as each repeat sale has exactly two observations. This is the same

solution offered by a stacked DiD approach. However, unlike in a stacked DiD, a given sale

can still act as a "pre" period for one age effect and a "post" period for another. The repeat

sales approach is included as a robustness check. Theoretical advantages notwithstanding,

the repeat sales model delivers virtually identical results. These are available in Appendix

A.

Finally, Sun and Abraham (2021) showed that the DiD estimator might be biased if

the treatment effect is not constant over the life of the abatement. This poses an issue

for estimating a single abatement premium or capitalization rate since each may vary over

time, and reinforces the need to estimate separate effects for each age of abatement so that

each estimated effect is constant.

1.4 Data

1.4.1 Home Sales

Deed and tax assessment data from Zillow’s ZTRAX database is used to estimate the abate-

ment premium. The data covers the period from 1994 through March 2020. Tax assessment

data contains information on the year the property was built and other home characteristics.

When this is joined to transactions from the deed data, it is possible to know the property’s

age at the time of each transaction.

The analysis excludes all non-arms-length transactions, properties built before 1901,

properties that sold more than once within 12 months, properties that sold only once dur-

ing the data period, and properties that gained or lost more than 100 log points in value

(adjusted for county-level market prices) between two successive transactions. Following

standard practice, repeat transactions for properties where a renovation is noted are ex-

cluded if the renovation date occurs between transactions or within 10 years of the first

transaction because recently renovated properties may enjoy a partial age or abatement
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premium. Finally, only ZIP codes with at least 1000 transactions are included. This leaves

4,316 repeat transactions of abated properties (defined as Philadelphia properties built in

2000 or later), 99,399 repeat transactions of older Philadelphia properties, and 264,966 re-

peat transactions from properties in the neighboring counties. Table 2.1 contains summary

data for each group’s properties and transactions.

Table 1.1. Data Summary

Abated Unabated Neighboring Age ≤ 10 Only
Philadelphia Philadelphia Counties Abated Control

Transactions
N 7,889 171,743 447,351 6,642 118,973
Age ≤ 10 6,642 1,268 117,705
Age > 10 1,247 170,475 329,646
Average Price $481,399 $135,113 $265,968 $481,987 $317,587

Repeat Transactions
N 4,316 99,399 264,966 4,246 92,343
Average ∆Time (years) 6.20 7.63 7.55 6.26 7.79
Average ∆ lnPrice .109 .405 .243 .109 .250

Properties
N 3,573 72,344 182,385 3,561 70,235
% Single Family 15.6% 22.5% 82.3% 15.6% 78.4%
% Row/Town House 43.5% 70.1% 7.9% 43.5% 11.2%
% Condo 40.9% 7.5% 9.8% 41.0% 10.4%
N ZIP Codes 40 40 110

Notes: Selected descriptive statistics for the filtered dataset. The neighboring counties used are Bucks,
Chester, Delaware, and Montgomery counties in Pennsylvania. Source: Zillow ZTRAX data 1994-2020.

The considerable difference in the average price of abated and unabated properties (both

inside and outside Philadelphia) are largely due to differences in property age. When the

sample is restricted to only sales of properties age ≤ 10, the difference in average prices

shrinks significantly. The remaining differences can be almost entirely explained by dif-

ferences in time (all abated sales are after 2000), ZIP code, and property type. Some of

the difference is also presumably due to an abatement price premium. Abated properties

appreciate notably less between sales than unabated properties. This is expected because

of the abatement premium that shrinks with age. The estimates in section 1.5.1 separate

this effect from other market forces. Abated properties also sell slightly more frequently

than unabated properties, but this is fully explained by other observed variables (primarily
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property age).

1.5 Estimates of the Initial Capitalization

1.5.1 Results

Table 1.2. Estimated Initial Abatement Premium and Capitalization

(1) (2) (3) (4) (5) (6)
Abat ∗Age0 .148*** .103*** .097*** .092*** .108***

(.010) (.010) (.010) (.016) (.011)
Implied Capitalization 1.391*** .990*** .932*** .889*** 1.039***

(.092) (.092) (.093) (.144) (.103)
Alternative Abatement Measure

Active Abatement .081*** .116*** .087*** .081*** .077*** .092***
(.013) (.009) (.009) (.008) (.013) (.009)

Property Fixed Effects ! ! ! ! ! !

Year ∗ZIP ! ! ! ! ! !
Ageα 0-10 grouped 0,1,...,10 0,1,...,∞ 0,1,...,∞ 0,1,...,∞ 0,1,...,∞

Abat ∗Ageα 0-10 grouped 0,1,...,10 0,1,...,10 0,1,...,10 0...11,13...∞ 0,1,...,11
Type∗Age ! ! !

N Transactions 179,630 626,983 626,983 626,975 626,975 626,975
N Properties 75,916 258,302 258,302 258,298 258,298 258,298

Notes: The empirical premiums are derived by exponentiating the Ageα ∗Abat coefficients and subtracting
1. Robust standard errors computed using the delta method are shown in parentheses. ∗ = p < 0.05,
∗∗= p < 0.01, ∗∗∗= p < 0.001 Source: Zillow ZTRAX data 1994-2020.

Table 1.2 gives the estimated abatement price premiums for year 0 with corresponding

capitalization rates from several variations of the stochastic specification in equation (1.11).

The reported estimates are obtained by exponentiating the estimated π coefficients and

subtracting 1. This gives the percent price premium associated with abated properties of

the listed age. The reported robust standard errors are adjusted for this transformation using

the delta method.

Column (1) uses only data from Philadelphia. As discussed in Section 1.4, the data

contains too few sales of young but unabated properties in Philadelphia to estimate separate

abatement premiums by age. Nevertheless, properties with active abatements as a whole

sell for an 8.1% premium over comparable unabated properties. This is difficult to interpret

in isolation since it reflects a weighted average of properties with anywhere from 0-10 years
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of tax benefit remaining. However, this result is consistent with the other columns that

include sales from neighboring counties, which increases confidence in the estimates that

use data from outside Philadelphia.

Column (2) is a baseline specification that estimates separate abatement premiums for

ages 0-10 and includes universal age dummies for ages 0-10 as controls. Column (3) is

similar but includes all possible age dummies, allowing for fully non-parametric depreci-

ation by age. The estimated premiums in (3) are lower than in (2). This is expected if

properties aged 11-19 depreciate more quickly than older properties. For example, imagine

an abated property sold at age 0 and again at age 19. The more flexible specification in (3)

allows for more of the relative decrease in this property’s price to be explained by aging

rather than an amortizing abatement premium. Column (4) adds interactions between these

age dummies and the property type (single-family, row/townhouse, or condo). This further

decreases the estimated abatement premiums because condos are disproportionately abated

and tend to depreciate slightly faster, perhaps due to less influence from land value which

may be appreciating.

The specifications in columns (2)-(4) all estimate that a ≈4% abatement premium sig-

nificant at the 0.1% level remains even at age 10. This calls into question the assumption

that abated and unabated homes depreciate similarly after the abatement expires. Column

(5) relaxes this assumption by interacting the abatement indicator with all the age dum-

mies except age 12. The null hypothesis that the age 12-19 abatement premiums are all

jointly 0 (p=.382) cannot be rejected at any level. However, the hypothesis that the age

11-19 abatement premiums are all jointly 0 (p=.063) is marginally significant. Therefore,

the preferred specification is column (6) which assumes that the depreciation rates are the

same beginning in year 12. This allows some abatement premium to be present at age 11.

However, the major conclusion that the abatement policy is initially fully capitalized into

home prices is consistent with all specifications.
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1.5.2 Estimating Capitalization

There are several options for translating the estimated premiums into measures of capital-

ization. The incentive to build is equal to the size of the initial abatement price premium.

Therefore, the initial capitalization is most relevant from a policy perspective.6 The pre-

ferred specification gives an estimated 104% capitalization rate. The 95% confidence in-

terval for the degree of capitalization is 84%-124%. Allowing r-g to be as high as 5% or as

low as 1% expands this interval to 77%-136%.

1.6 Conclusion

Philadelphia’s abatement policy offers an ideal natural experiment for estimating the capi-

talization of property taxes. The best estimate is that the tax benefits are 104% capitalized

into the prices of newly constructed homes with a 95% confidence interval of 84%-124%.

The finding of full capitalization of the property tax benefits into new home prices has

several implications. It is consistent with some previous estimates that find full capitaliza-

tion of property taxes and inconsistent with only partial or no capitalization. Additionally,

given that this ideal natural experiment finds full capitalization, it suggests that any capi-

talization of inter-jurisdiction differences in property taxes results from homeowners in the

higher tax jurisdiction valuing the public services financed by these taxes less than they

value the additional tax they pay.

While this chapter is not intended to assess the overall effectiveness of Philadelphia’s

abatement policy, understanding the initial degree of capitalization in this specific case has

6For a more holistic look at capitalization, the Abat ∗Ageα terms can be replaced with the change in dis-
counted abatement years remaining between the two sales. In this case, the coefficient represents what buyers
are willing to pay for a single year of tax benefits expressed as a percentage of home value. Since the average
new construction is 85% abated, and the tax rate is 1.4%, full capitalization would mean a 1.19% premium
for one year of benefits. Using this specification gives 56% capitalization with a 95% confidence interval
of 41%-71%. However, this may be misleading for several reasons. The individual abatement age effects
show that the abatement becomes over-capitalized in years 5-10 because the premium amortizes more slowly
than expected. This represents a changing treatment effect of the discounted abatement years remaining.
Goodman-Bacon (2021) shows how this can distort the DiD estimator. In this case, higher capitalization in
years 5-10 may perversely decrease our estimate of the overall capitalization because some of our identifica-
tion comes from the expected amortization between the initial abatement and sales in years 5-10.
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policy implications. The Philadelphia abatement policy is intended to incentivize develop-

ment by increasing the price developers receive for new construction. Full capitalization

means that the abatement policy does, in fact, incentivize development by increasing the

price builders receive for new construction rather than rewarding the buyers of these proper-

ties. Suppose the benefits were less than fully capitalized, so the initial abatement premium

was less than the present value of the tax benefits. In that case, the incentive to develop

is lessened, and the policy instead provides a subsidy to the residents of abated properties.

This chapter shows that the abatement mechanism does indeed raise the price of new con-

struction by the present value of the benefits.
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2 Over-Capitalization of Expiring Property Tax Incentives: Are Buyers
Uninformed?

2.1 Introduction

There is substantial empirical literature on property tax capitalization, starting with Oates

(1969), well summarized by Yinger et al. (1988), and more recently by Sirmans et al.

(2008). Many studies use tax variation over time or among jurisdictions to estimate the

degree of capitalization. This approach can make it difficult to separate the effects of dif-

ferent levels of taxes from the effects of the services financed by the taxes. Other studies

avoid this problem by using intra-jurisdictional variation in taxes from a change or dis-

crepancy in assessment practices. These studies are necessarily sensitive to assumptions

about whether the change is anticipated and how persistent the new practices are expected

to be. Finally, all studies must translate differences in home prices to a capitalization rate

by dividing by the net present value of any tax differences. Recent work by Giglio et al.

(2015) and (2021) shows that homeowners assign significant value to cash flows far into the

future. This means estimated capitalization rates can be extremely sensitive to the assumed

discount rate.

Philadelphia’s property tax abatement policy, which exempts new development from

10 years of property taxes, provides an ideal natural experiment to test capitalization. In

Philadelphia, abated and unabated properties are entitled to the same services, so comparing

such properties avoids the issue of unobserved differences in services. Furthermore, the

duration of the tax benefits should be known to buyers and sellers and short enough that

the present value is not particularly sensitive to the discount rate. Additionally, because

such simple rules govern the abatements, one need not worry about differential assessment

practices or the simultaneity between effective tax rates and home prices. Using the tax

variation created by the abatement policy also adds to the existing literature by measuring

capitalization in the unique setting of a property tax incentive and offers insights into the

effectiveness of such programs.
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This chapter uses a triple difference identification strategy to estimate the premium

paid for an abated property in this ideal setting. The two differences isolate the abatement

premium from market effects and depreciation by subtracting the price change of older

properties from the price change of younger properties with amortizing abatements. This

estimate of the abatement premium is biased because of possible abatement-independent

new home premiums and other sources of non-linear depreciation. The third difference

eliminates this bias by subtracting the same differences for properties of the same age not

subject to the abatement policy. Zillow ZTRAX transaction data is used to estimate the

abatement premium and degree of capitalization.

This chapter adds a new result to the current literature by estimating how the degree

of capitalization evolves over the period of tax benefits. This offers unique insight into

how the market capitalizes an expiring tax benefit whose duration is known with certainty.

Interestingly, the empirical results show that the price premium amortizes more slowly than

the tax benefits. Consequently, the benefits are significantly over-capitalized in home prices

for abatements nearing expiration. For example, in year 9, buyers still pay a 6.6% premium

even though the theoretical premium is only 1.4%. This may not be surprising considering

the numeracy required to calculate the present value of a stream of tax benefits and the low

levels of financial literacy documented by Lusardi and Mitchell (2014) and others. Several

specific behavioral economics mechanisms may explain this finding. This hypothesis is

explored in some detail.

One possible explanation for over-capitalization as the benefit approaches expiration

is the high salience of current taxes relative to future taxes. Studies including Chetty et

al. (2009), Cabral and Hoxby (2012), and Gindelsky et al. (2022), have shown that con-

sumers are sensitive to the relative salience of taxes, including property taxes. Another

closely related mechanism is inattention to abatement expiration. This is consistent with

Bradley (2017), who found that buyers are inattentive to the temporary nature of a property

tax provision in Michigan. Scraped listing data provides evidence for the high salience
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of abatements, even as they near expiration. The listings data also suggest inattention to

abatement expiration.

As additional evidence that inattention may drive over-capitalization, this paper shows

that expiration increases mortgage delinquency for 10-12 year old properties. A delin-

quency model using CoreLogic Solutions and Black Knight McDash data estimates that the

chance of becoming 30+ days delinquent is increased by 3.9 percentage points or roughly

50% in the year after expiration. While the effect of payment shocks due to rate resets on

mortgage delinquency is well studied, e.g., deRitis et al. (2010) and Ambrose et al. (2005),

this finding adds to the payment shock literature by showing significant effects even from a

planned increase in monthly payments driven by property taxes. Currently, the most similar

finding is Anderson and Dokko (2008), who find that the timing of property taxes can drive

delinquencies for mortgages without escrow accounts. Other possible mechanisms driving

the over-capitalization exemplify the findings of Genesove and Mayer (2001) and Leung

and Kwok (2013), who find home seller behavior is shaped by loss aversion, and Northcraft

and Neale (1987), Clapp et al. (2020), and Zhou et al. (2021) who show the importance of

price anchoring.

The rest of this chapter proceeds as follows. Section 2.2 derives the theoretical pre-

mium. Section 2.3 explains the empirical estimation strategy. Section 2.4 reviews the data

used in estimation. Section 2.5 shows the over-capitalization in the abatements’ later years

and discusses the mechanisms that may drive this phenomenon. This discussion includes

the results about expiring abatements and mortgage delinquency. Finally, Section 2.6 con-

cludes and considers the policy implications.

2.2 Theoretical Abatement Premium

If the market is informationally efficient, an abatement’s benefits should be fully capitalized

into an asset price premium. The abatement premium is the size of this price increase

as a percentage of unit value. The theoretical premium is simply the present value of
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the discount in tax payments. The theoretical premium also serves as the denominator

when calculating the capitalization rate. This section explains how the theoretical premium

is calculated and shows that it is insensitive to assumptions about discount rates and tax

increases.

Let ρ be the tax rate, and E represent the fraction of value exempted from taxation.

The yearly benefit from the abatement (expressed as a fraction of home value) is ρE. Let

πα denote the abatement premium for a home of age α ≤ 10. The abatement premium

is defined as the premium paid for an abated home over an equivalent unabated home

expressed as a percentage of pre-abatement value. Let r be the appropriate discount rate, g

the expected tax growth, and i index the years of remaining abatement. Then the theoretical

abatement premium for an age α home is given by equation (2.1).

πα =
10−α

∑
i=1

(1− r+g)i−1
ρE (2.1)

The Philadelphia Office of Property Assessment attributes 85% of the assessed value

of homes to the structure, with the remaining 15% attributed to the land for all property

types. Consequently, newly constructed homes receive an 85% property tax discount. The

tax rate is about 1.4%. If r-g = 3%, the initial abatement premium π0 = .104. This means

that a newly constructed and abated home should sell for 10.4% more than an equivalent

unabated home based on the expected discounted present value of the abatement.

The true value for r-g is unknown. The average 30-year mortgage rate (accounting for

fees) was about 5.3% during the period studied here7. Meanwhile, national home prices

rose by about 3.9% a year8 and Philadelphia home prices by about 4.6% during the study

period. This implies that r-g may be 1% or lower. On the other hand, there is considerable

inertia in Philadelphia tax assessments, as discussed by Hou et al. (2021). This means

the annual growth in assessed value may be negligible for the first 10 years. It follows

7Source: Freddie Mac
8Source S&P/Case-Shiller U.S. National Home Price Index
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that the appropriate value of r-g may be closer to the ≈5% financing rate. The theoretical

abatement premium is fortunately not terribly sensitive to the value of r-g because of the

finite length of the abatement. If r-g = 1% or 5%, π0 = .114 or .096 respectively. In all

cases, the theoretical abatement premium gradually decreases until age 11, where π11 = 0.

This is illustrated in Figure 2.1.

Figure 2.1. Theoretical Abatement Price Premium

Notes: Theoretical amortization path of the abatement price premium with various growth-adjusted discount
rates. The r − g values 1%, 3%, and 5% correspond to the initial premiums of 11.4%, 10.4%, and 9.6
respectively.

Taxes are paid in the first quarter of each year, suggesting that most sales of properties

during an abated year have already received that year’s tax benefit. However, buyers are

usually asked to reimburse sellers for a prorated share of prepaid taxes. This means sales

prices will include a premium for the remaining portion of that year’s tax benefit. Con-

sequently, this analysis assumes that, on average, the premium should reflect half of the

current year’s tax benefit. This leads to the kinks observed in Figure 2.1.
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2.3 Identification Strategy

The empirical abatement premium is estimated using a triple difference (DDD) identifica-

tion strategy. This section explains the intuition behind this identification strategy, gives the

stochastic specification used to estimate the premium, and presents and tests the model’s

assumptions. Then, the model is adapted to measure the abatement’s effect on mortgage

delinquencies.

To illustrate the intuition of the identification strategy, let Pi,t,α be the price of home i

of age α at time t.

lnPi,t,α = γt +θi +µα +πα + εi,t (2.2)

Here the parameter of interest is πα , the abatement age effect. γt measures local mar-

ket prices at time t, θi reflects the value of immutable characteristics of the home, µα is

a universal age effect, and εi,t is an error term. The universal age effects may include or-

dinary linear deprecation, non-linear depreciation, and any special age effects for newly

constructed properties unrelated to the abatement.

The home characteristics θi can be differenced out using either property fixed effects or

repeat sales. This is the first difference in the DDD identification.

∆lnPi,s,t,αs,αt = lnPi,t,αt − lnPi,s,αs = γt − γs +µαt −µαs +παt −παs + εi,t − εi,s (2.3)

Next, the linear part of deprecation δ (t − s), included in µαt −µαs , is split from the age

effects. The remaining age effects are denoted by µ∗. Substituting µ∗ into (2.3) gives

∆lnPi,s,t,αs,αt = γt − γs −δ (t − s)+µ
∗
αt −µ

∗
αs +παt −παs + εi,t − εi,s (2.4)

The market inflation effects γ cannot be identified separately from linear depreciation

δ because the change in age (t − s) is perfectly collinear with the dummy variables for the

sale dates, as shown by Harding et al. (2006). This is not a concern for the hypothesis
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being tested here. The terms γt − γs − δ (t − s) are replaced with γ∗, the price inflation net

of linear depreciation.

∆lnPi,s,t,αs,αt = γ
∗
t − γ

∗
s +µ

∗
αt −µ

∗
αs +παt −παs + εi,t − εi,s (2.5)

Now assume, for the time being, that after age T, the age effect µ∗ is reduced to 0. This

assumption will be relaxed later. Assume T is greater than the life of the abatement, i.e. π

is reduced to 0 by T. Home i and home j were both sold at time t and again at time s. Home

i was α i,t ≤ T years old at time t and α i,s > T years old at time s. Meanwhile, home j was

more than T years old at both time t and time s.

∆lnPi,s,t,α i,s,α i,t = γ
∗
t − γ

∗
s +µ

∗
α i,t +πα i,t + εi,t − εi,s (2.6)

∆lnPj,s,t,α j,s,α j,t = γ
∗
t − γ

∗
s + ε j,t − ε j,s (2.7)

Taking the difference between these two differences in (2.8) leaves only the age effect

µ∗
α i,t , the abatement premium πα i,t , and an error term. This is the second difference in the

DDD strategy.

∆lnPi,s,t,α i,s,α i,t −∆lnPj,s,t,α j,s,α j,t = µ
∗
α i,t +πα i,t +∆εi −∆ε j (2.8)

Measuring the true abatement premium requires disentangling the age effects from the

abatement effect. This separation requires data from newly constructed homes not subject

to the abatement policy. Philadelphia properties built before the enactment of the abatement

policy in 2000 are one possible source of unabated properties. However, the available

data goes back only to 1994, and construction activity was very low in Philadelphia in the

1990s. Consequently, there are few observations of young but unabated properties in the

Philadelphia sales data, making it difficult to separate abatement premiums from universal

age effects. It is still possible to estimate abatement premiums reasonably using solely
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Philadelphia properties but only for abated properties aged 0-10 as a whole. This is shown

in column (1) of Table 2.3.

Data from the neighboring Pennsylvania counties is added to estimate the premiums for

each age separately. Specifically, the estimation uses data from Bucks, Chester, Delaware,

and Montgomery counties, in addition to Philadelphia County, which is coterminous with

the city. Note that data from neighboring counties is only used to separate universal new

construction age effects from the abatement effects. The source of tax variation remains the

intra-jurisdictional variation due to the abatement policy. Stated differently, no assumptions

about the tax rates or public services in the other jurisdictions need to be made. The only

assumption is that these jurisdictions do not preferentially tax new development, which

they do not.

Now assume home i’ also sold at age α i′,t ′ = α i,t ≤ T and then again after age T but

was not subject to the abatement policy. Suppose home j’ sold at the same times and in the

same market as home i’ but was older than T both times. In this case, the i’-j’ difference

will contain only the universal age effect and the error terms.

∆lnPi′,s′,t ′,α i′,s′ ,α i′,t′ −∆lnPj′,s′,t ′,α j′,s′ ,α j′,t′ = µ
α i′,t′ +∆εi′ −∆ε j′ (2.9)

The final difference in the DDD strategy is subtracting the i’-j’ difference from the i-j

difference leaving only the abatement premium and an error term.

(∆lnPi −∆lnPj)− (∆lnPi′ −∆lnPj′) = πα i,t +(∆εi −∆ε j)− (∆εi′ −∆ε j′) (2.10)

2.3.1 Property Fixed-Effect Stochastic Specification

The above DDD logic is the basis for identification in the stochastic specification shown in

equation (2.11).
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lnPi,t = θi +∑
ℓ

∑
t

γℓ,tIℓ,i ∗Yeart + ∑
α≤T

µαAgeα,i,t + ∑
α≤10

παAbati ∗Ageα,i,t + εi,t (2.11)

As before, the µα ’s are the universal age effects, and the πα ’s are the abatement age

effects. Iℓ,i is a location indicator variable at the ZIP code level, and Abati is an indicator

variable for abated properties. Yeart is a set of year dummy variables and theγℓ,t’s reflect

the local market effects. Similarly, Ageα,i,t is a set of dummy variables equal to 1 if the

property was α years old in year t and 0 otherwise.

Alternatively, to see how buyers value abated properties on average, we can replace this

term with a simple dummy equal to -1 if the abatement expired between the two sales.

The assumption that age effects and non-linear deprecation end after T years can be

relaxed in various ways. The simplest and most flexible way is to increase the number of

universal age effects, as these non-parametrically capture any deprecation up to age T. To

allow fully non-parametric depreciation, T = ∞ with one age omitted as a base case. How-

ever, this makes the age and year dummies perfectly collinear. To prove this result, let Y be

a vector of year values with one year omitted and Γi the vector of year dummies. Similarly,

let A be a vector of all but one possible property age and Mi the vector of age dummies. In

this case, Y ′Γi = A′Mi for all i, as both equal the number of years elapsed between sales.

This is easily remedied by omitting either a second age dummy or a second year dummy.

Once this is done, Y ′Γi ̸= A′Mi for those observations where the two sales happen at the

base ages/years. These observations will have either their linear deprecation or market ap-

preciation normalized to be 0, with the opposite parameters adjusted to compensate. This

means the trendline of universal age effects is not identified separately from the trendline of

price appreciation, but this does not pose an issue for identifying the abatement premium.

The data period of 1994-2020 includes the enactment of the policy period and a rapid

increase in construction. It is possible that properties and lots developed soon after the
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introduction of the policy are systematically different from those developed later. As a

robustness check, Appendix A contains estimation results for properties built from 2000 to

2004 as the only abated properties. These results are qualitatively similar to the preferred

specification.

Different types of homes may have systematically different depreciation rates or age

effects. For example, single-family homes on large lots may depreciate slower due to

the value of the land. This can bias the estimated abatement premiums if certain types

of properties are disproportionately abated. This is accounted for by adding additional

controls for property type interacted with the Ageα indicators. Note that including ZIP

code specific γℓ,t already allows for different (linear) depreciation rates in each ZIP code.

2.3.2 Localized Price Trends

Abated properties may be disproportionately built where prices rise more quickly. Absent

controls for local price trends, this would violate the parallel trends assumption, and the

estimated abatement premiums would be biased downwards as the market price inflation

offsets the premium amortization. The top 10 ZIP codes by abatement concentration are

mapped in Figure 2.2. Together these 10 ZIP codes account for nearly 80% of all abated

properties in the data. Abated properties are concentrated near Center City and Northwest

Philadelphia. Annual price indices for these 10 ZIP codes and the other areas in the dataset

are plotted in Figure 2.3. Areas with high abatement concentration had more rapid price

appreciation both before and after the policy enactment. ZIP code-specific market prices

γℓ,t account for this.

2.3.3 Validating Identifying Assumptions

This identification strategy has two major identifying assumptions. The first assumption

is analogous to the parallel trends assumption in a standard difference-in-difference model

that requires treated and untreated units to follow the same trends prior to treatment. How-
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Figure 2.2. High Abatement ZIP Codes

Notes: Top 10 ZIP codes by abatement concentration are shown in blue. Source: Zillow ZTRAX data.

ever, with newly constructed homes, there is no pre-treatment period. Instead, the critical

assumption is that abated and unabated properties of the same property type depreciate

similarly after abatement expiration. The second assumption is that any differences in de-

preciation rates prior to expiration are due to the abatement amortization and not other

inherent differences between abated and unabated properties. These assumptions are illus-

trated with stylized depreciation curves in Figure 2.4.

The assumption of similar depreciation after abatement expiration can be tested directly

by examining how the difference between abated and unabated home prices evolves as the

abatement ages out of existence. This is illustrated in Figure 2.5. After normalizing the age

12 difference to 0, the 95% confidence intervals for ages 11+ all contain 0, consistent with

the identifying assumption. The null hypothesis that the age 12+ differences are all jointly
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Figure 2.3. Price Trends: High vs. Low Abatement ZIP Codes

Notes: Repeat sale price indices for high and low abatement ZIP codes. Year 2000 is normalized to 100. High
abatement ZIPs are the top 10 ZIP codes by abatement concentration. Low abatement ZIPs are all other ZIP
codes in Philadelphia and surrounding Pennsylvania counties. The shaded areas represent 95% confidence
intervals. Source: Zillow ZTRAX data 1994-2020.

0 (p=.382 with all controls) cannot be rejected. However, the hypothesis that the age 11+

differences are all jointly 0 (p=.063 with all controls) is marginally significant. Therefore,

the final model specification allows for differences at age 11.

There may be inherent differences between abated and unabated properties other than

the abatement itself. These differences may violate the second assumption that all differ-

ences in depreciation are due to the amortizing tax benefits. To address these concerns, a

propensity-score matched sample is used as a robustness check, and the results, available

in Appendix A, are consistent with the preferred specification.
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Figure 2.4. Stylized Depreciation Curves Abated vs. Unabated

Notes: Stylized illustration of two identifying assumptions. The distance between the curves is assumed to
be the price premium paid for the abatement’s tax benefits. The curves are assumed to be identical once the
abatement has expired.

2.3.4 Estimation Strategy and Two-Way Fixed Effects Considerations

The baseline model uses property fixed effects. However, there is no reason the model

cannot be estimated with a hedonic regression instead. The stochastic specification using

a hedonic model is given by (2.12). Here the property fixed effects are replaced by βX ,

where X is a vector of home characteristics and β is the associated shadow prices.

lnPi,t = βX +∑
ℓ

∑
t

γℓ,tIℓ,i ∗Yeart + ∑
α≤T

µαAgeα,i,t + ∑
α≤10

παAbati ∗Ageα,i,t + εi,t (2.12)

However, a hedonic regression requires correctly specifying the vector of home char-
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Figure 2.5. Abated vs. Unabated Difference in Home Prices by Age

Notes: Abated less unabated difference in average log home price with various levels of controls. The age 12
differences are normalized to 0. The null hypothesis that the age 12+ differences are all jointly 0 (p=.382 with
all controls) cannot be rejected. However, the hypothesis that the age 11+ differences are all jointly 0 (p=.063
with all controls) is marginally significant. Therefore, the final model specification allows for differences at
age 11. The shaded areas represent 95% confidence intervals. Source: Zillow ZTRAX data 1994-2020.

acteristics X . This may be especially important because abated properties may vary from

others in various unobserved or observed but challenging-to-model ways. For example,

lot size may be less significant for condos, which are disproportionately prevalent amongst

abated properties. Nevertheless, the hedonic approach is included in Appendix A as a

robustness check, and the results are qualitatively similar. Furthermore, the estimated co-

efficient of the abatement dummy variable in the hedonic specification is close to 0 and not

statistically significant, which provides further evidence that abated properties are valued

similarly to unabated properties outside of a premium while the abatement is active.

Another possible approach is to use a repeat sales model. The stochastic specification

using a repeat sales model is given by (2.13).
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lnPi,t − lnPi,s = ∑
ℓ

∑
τ

γℓ,τ Iℓ,i ∗Year∗s,t + ∑
α≤T

µαAge∗α,i,s,t + ∑
α≤10

παAbati ∗Age∗α,i,s,t + εi,s,t

(2.13)

Here Year∗s,t is a set of dummy variables equal to 1 in year t (the period the property

was sold), equal to -1 in year s (the period of the previous sale), and equal to 0 in all other

years.9 Similarly, Age∗
α,i,s,t is a set of dummy variables equal to 1 for the property’s age in

year t, -1 for the property’s age in year s, and 0 otherwise.

The repeat sales model is mathematically identical to the property fixed effects ap-

proach except that it weights the observations differently. Nevertheless, recent develop-

ments in the literature on using two-way fixed effects to estimate difference-in-difference

models give reasons to prefer repeat sales weighting. Goodman-Bacon (2021) showed

that the DiD estimator is a weighted average of treatment effects with variance-based

weights. These weights may not be intuitive or optimal if cross-sectional units have dif-

fering amounts of observations pre- and post-treatment. This would occur if an abated

property sold multiple times after abatement expiration. This problem is solved with the

repeat sales approach, as each repeat sale has exactly two observations. This is the same

solution offered by a stacked DiD approach. However, unlike in a stacked DiD, a given sale

can still act as a "pre" period for one age effect and a "post" period for another. The repeat

sales approach is included as a robustness check. Theoretical advantages notwithstanding,

the repeat sales model delivers virtually identical results. These are available in Appendix

A.

Finally, Sun and Abraham (2021) showed that the DiD estimator might be biased if

the treatment effect is not constant over the life of the abatement. This poses an issue

for estimating a single abatement premium or capitalization rate since each may vary over

time, and reinforces the need to estimate separate effects for each age of abatement so that

9Location/year-bought/year-sold fixed effects can be used as an alternative to the Year∗t terms with similar
results.
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each estimated effect is constant.

2.3.5 Testing for Effects on Delinquency

The estimation discussed above produces the new result that the abatement value is over-

capitalized as it approaches expiration. This suggests the hypothesis that there is inatten-

tion to abatement expiration. One implication of the inattention hypothesis is that expiring

abatements cause an increase in mortgage delinquencies. This hypothesis is tested in Sec-

tion 2.5.2. The test applies a model similar to the one used to estimate the abatement

price premium. The probability of loan delinquency is modeled as a probit function of a

county-year effect, a universal age effect, and an age effect specific to abated properties in

Philadelphia. Additional controls for the original credit score, the original loan-to-value

(LTV) ratio, and the log of the loan amount are also included.

Pr(dlqi,t) = Φ

(
∑
c

∑
t

θc,tIc,i ∗Yeart +∑
α

ωαAgeα,i,t + ∑
α≤12

φαAbati ∗Ageα,i,t +βXi

)
(2.14)

Ic,i is a county level location dummy, Yeart is a year dummy, and θc,t is the county-year

effect. Ageα,i,t is an age dummy. ωα is the universal age effect. φα is the abatement-

specific age effect. Abati is an abatement indicator dummy equal to 1 if the property is

in Philadelphia and built in 2000 or later and 0 otherwise. Xi is the vector of loan level

controls with corresponding effects β . The model uses the identifying assumptions that

there is no abatement-specific effect at age 13 or later and that any differences prior to age

13, after controls, are due to the abatement itself.
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2.4 Data

2.4.1 Home Sales

Deed and tax assessment data from Zillow’s ZTRAX database is used to estimate the abate-

ment premium. The data covers the period from 1994 through March 2020. Tax assessment

data contains information on the year the property was built and other home characteristics.

When this is joined to transactions from the deed data, it is possible to know the property’s

age at the time of each transaction.

The analysis excludes all non-arms-length transactions, properties built before 1901,

properties that sold more than once within 12 months, properties that sold only once dur-

ing the data period, and properties that gained or lost more than 100 log points in value

(adjusted for county-level market prices) between two successive transactions. Following

standard practice, repeat transactions for properties where a renovation is noted are ex-

cluded if the renovation date occurs between transactions or within 10 years of the first

transaction because recently renovated properties may enjoy a partial age or abatement

premium. Finally, only ZIP codes with at least 1000 transactions are included. This leaves

4,316 repeat transactions of abated properties (defined as Philadelphia properties built in

2000 or later), 99,399 repeat transactions of older Philadelphia properties, and 264,966 re-

peat transactions from properties in the neighboring counties. Table 2.1 contains summary

data for each group’s properties and transactions.

The considerable difference in the average price of abated and unabated properties (both

inside and outside Philadelphia) are largely due to differences in property age. When the

sample is restricted to only sales of properties age ≤ 10, the difference in average prices

shrinks significantly. The remaining differences can be almost entirely explained by dif-

ferences in time (all abated sales are after 2000), ZIP code, and property type. Some of

the difference is also presumably due to an abatement price premium. Abated properties

appreciate notably less between sales than unabated properties. This is expected because
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Table 2.1. Data Summary

Abated Unabated Neighboring Age ≤ 10 Only
Philadelphia Philadelphia Counties Abated Control

Transactions
N 7,889 171,743 447,351 6,642 118,973
Age ≤ 10 6,642 1,268 117,705
Age > 10 1,247 170,475 329,646
Average Price $481,399 $135,113 $265,968 $481,987 $317,587

Repeat Transactions
N 4,316 99,399 264,966 4,246 92,343
Average ∆Time (years) 6.20 7.63 7.55 6.26 7.79
Average ∆ lnPrice .109 .405 .243 .109 .250

Properties
N 3,573 72,344 182,385 3,561 70,235
% Single Family 15.6% 22.5% 82.3% 15.6% 78.4%
% Row/Town House 43.5% 70.1% 7.9% 43.5% 11.2%
% Condo 40.9% 7.5% 9.8% 41.0% 10.4%
N ZIP Codes 40 40 110

Notes: Selected descriptive statistics for the filtered dataset. The neighboring counties used are Bucks,
Chester, Delaware, and Montgomery counties in Pennsylvania. Source: Zillow ZTRAX data 1994-2020.

of the abatement premium that shrinks with age. The estimates in sections 1.5.1 and 2.5.1

separate this effect from other market forces. Abated properties also sell slightly more fre-

quently than unabated properties, but this is fully explained by other observed variables

(primarily property age). The frequency of abated home sales is discussed further in Sec-

tion 2.5.2.

2.4.2 Mortgage Performance

Mortgage servicing data provided by Black Knight McDash is used to test the hypothe-

sis that the resulting payment shock could be causing mortgage delinquencies. This data

is mainly comprised of the portfolios of the largest residential mortgage servicers in the

U.S. and covers the years 2000-2018. Identifying newly constructed and abated properties

requires knowing the year the property was built. This is accomplished by merging with

CoreLogic Solutions property transaction data using the mortgage closing date, the mort-

gage amount, and the ZIP code.10 Of the matched loans, 98.2% uniquely match to a single

10No other data is merged into the Black Knight McDash dataset. 15.1% of loans in the Black Knight
McDash dataset could be matched to at least one transaction in the CoreLogic Solutions dataset. This reflects
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transaction and are used for the analysis.

It is important to remember that abated properties are worth much more than non-abated

properties on average. As such, they tend to be purchased by more affluent buyers with

stronger credit profiles. Therefore, abated properties tend to have lower delinquency rates.

Table 2.2 contains some summary statistics about the loans for unabated and unabated

properties.

Table 2.2. Loan Statistics for Abated and Unabated Properties

Loan Original Original Yearly
Amount Credit Loan-to-Value Percent

($ Thousands) Score Ratio Delinquent
Median
Abated 311 754 79%

Unabated 119 703 90%
Mean
Abated 329 741 79% 8.2%

Unabated 143 698 86% 23.9%
Notes: Abated means properties with a new construction abatement. Source: Black Knight McDash and
CoreLogic Solutions data 2000-2018.

The data contains 89,833 matched loans from Philadelphia with non-missing credit

scores and appraisals used in Table 2.2. Of these, 2,952 were for abated properties, defined

here as being built in 2000 or later and less than 10 years old at the time of origination. The

delinquency model specified in equation 2.14 is estimated using 195,795 yearly records for

58,656 loans on matched properties at least 1 and at most 17 years old. Abated properties

in Philadelphia accounted for 11,373 yearly records and 3,025 loans, while the rest were

for properties in the control counties and Philadelphia properties built before 2000. A loan

is classified as delinquent in a given year if it is 30+ days delinquent at any point in that

year. If the delinquency status was not known for all 12 months, the loan is ignored for that

year. This almost exclusively happens in the year the loan is originated and the year the

data discrepancies and the fact that the transactions dataset covers a shorter period and that not all loans
trigger a deed recording.
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loan is terminated. Loans that become bank-owned real estate are treated as terminated.

2.5 Estimates of Later Over-Capitalization

2.5.1 Results
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Table 2.3. Estimated Abatement Home Price Premiums

(1) (2) (3) (4) (5) (6)

Abat ∗Age0 .148*** .103*** .097*** .092*** .108***

(.009) (.009) (.009) (.014) (.010)

Abat ∗Age1 .154*** .113*** .100*** .096*** .112***

(.011) (.011) (.011) (.016) (.012)

Abat ∗Age2 .147*** .110*** .097*** .092*** .109***

(.012) (.012) (.013) (.017) (.013)

Abat ∗Age3 .105*** .075*** .066*** .062*** .077***

(.013) (.013) (.013) (.017) (.014)

Abat ∗Age4 .097*** .072*** .067*** .063*** .078***

(.012) (.012) (.012) (.016) (.012)

Abat ∗Age5 .093*** .072*** .073*** .069*** .085***

(.012) (.012) (.012) (.016) (.013)

Abat ∗Age6 .087*** .072*** .072*** .068*** .084***

(.012) (.012) (.012) (.016) (.013)

Abat ∗Age7 .096*** .085*** .086*** .082*** .098***

(.013) (.013) (.013) (.017) (.013)

Abat ∗Age8 .078*** .072*** .072*** .068*** .084***

(.014) (.014) (.013) (.017) (.014)

Abat ∗Age9 .056*** .055*** .058*** .053** .069***

(.013) (.013) (.013) (.017) (.014)

Abat ∗Age10 .036*** .038*** .045*** .040* .055***

(.014) (.013) (.013) (.017) (.014)

Abat ∗Age11 .023 .038**

(.018) (.014)

Alternative Abatement Measure

Active Abatement .081*** .116*** .087*** .081*** .077*** .092***

(.013) (.009) (.009) (.008) (.013) (.009)

Property Fixed Effects ! ! ! ! ! !

Year ∗ZIP ! ! ! ! ! !

Ageα 0-10 grouped 0,1,...,10 0,1,...,∞ 0,1,...,∞ 0,1,...,∞ 0,1,...,∞

Abat ∗Ageα 0-10 grouped 0,1,...,10 0,1,...,10 0,1,...,10 0...11,13...∞ 0,1,...,11

Type∗Age ! ! !

N Transactions 179,630 626,983 626,983 626,975 626,975 626,975

N Properties 75,916 258,302 258,302 258,298 258,298 258,298

Notes: The empirical premiums are derived by exponentiating the Ageα ∗Abat coefficients and subtracting

1. Robust standard errors computed using the delta method are shown in parentheses. ∗ = p < 0.05,

∗∗= p < 0.01, ∗∗∗= p < 0.001 Source: Zillow ZTRAX data 1994-2020.
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Table 2.3 gives the complete set of estimated abatement price premiums from several vari-

ations of the stochastic specification in equation (2.11).

Column (1) uses only data from Philadelphia. As discussed in Section 2.4, the data

contains too few sales of young but unabated properties in Philadelphia to estimate separate

abatement premiums by age. Nevertheless, properties with active abatements as a whole

sell for an 8.1% premium over comparable unabated properties. This is difficult to interpret

in isolation since it reflects a weighted average of properties with anywhere from 0-10 years

of tax benefit remaining. However, this result is consistent with the other columns that

include sales from neighboring counties, which increases confidence in the estimates that

use data from outside Philadelphia.

Column (2) is a baseline specification that estimates separate abatement premiums for

ages 0-10 and includes universal age dummies for ages 0-10 as controls. Column (3) is

similar but includes all possible age dummies, allowing for fully non-parametric depreci-

ation by age. The estimated premiums in (3) are lower than in (2). This is expected if

properties aged 11-19 depreciate more quickly than older properties. For example, imagine

an abated property sold at age 0 and again at age 19. The more flexible specification in (3)

allows for more of the relative decrease in this property’s price to be explained by aging

rather than an amortizing abatement premium. Column (4) adds interactions between these

age dummies and the property type (single-family, row/townhouse, or condo). This further

decreases the estimated abatement premiums because condos are disproportionately abated

and tend to depreciate slightly faster, perhaps due to less influence from land value which

may be appreciating.

The specifications in columns (2)-(4) all estimate that a ≈4% abatement premium sig-

nificant at the 0.1% level remains even at age 10. This calls into question the assumption

that abated and unabated homes depreciate similarly after the abatement expires. Column

(5) relaxes this assumption by interacting the abatement indicator with all the age dum-

mies except age 12. The null hypothesis that the age 12-19 abatement premiums are all
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jointly 0 (p=.382) cannot be rejected at any level. However, the hypothesis that the age

11-19 abatement premiums are all jointly 0 (p=.063) is marginally significant. Therefore,

the preferred specification is column (6) which assumes that the depreciation rates are the

same beginning in year 12. This allows some abatement premium to be present at age 11.

However, the major conclusions that the abatement policy is initially fully capitalized into

home prices and over-capitalized as abatement approach expiration is consistent with all

specifications.

Figure 2.6 plots the estimated abatement premium from the preferred specification in

column (6) with 95% confidence interval against the theoretical premium.

Figure 2.6. Estimated vs. Theoretical Abatement Price Premiums

Notes: The graph depicts the theoretical and empirical premiums for an abated home through the period of

tax benefits. The empirical premium is derived by exponentiating the Ageα ∗Abat coefficients and subtracting

1. For ages 12 and older, the premium is defined to be 0. The shaded area represents the 95% confidence

interval computed using the delta method. Source: Zillow ZTRAX data 1994-2020.
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2.5.2 Mechanisms and Additional Results

While noisy, the initial abatement premium does appear to amortize over time. However,

this amortization happens much slower than the theory would suggest. By age 5, the abate-

ment tax benefits are significantly over-capitalized. Amortization speeds up at ages 10-12,

but the reduction to 0 is not immediate. There are several possible explanations for the

divergence of actual and theoretical premium rates over time.

Relative Salience

One possible reason for the overvaluing of soon-to-expire abatements is that the current

tax bill is much more salient than future taxes. Here "salience" is defined as the ease

of calculating the amount and timing of the tax bills. Several studies have shown that

households react more to higher salience taxes. Chetty et al. (2009) show that buyers

respond more to sales taxes included in sticker prices than those imposed at checkout.

Cabral and Hoxby (2012) and Gindelsky et al. (2022) show that homeowners are more

attentive to property taxes paid out of pocket than those paid via escrow.

There are several reasons why current taxes are more salient to buyers. The current or

most recent tax bill populates the expected tax amount used by real estate websites, agents,

and loan documents. Consequently, the current annual abatement is used to calculate ex-

pected monthly payments, which lenders and buyers routinely use to determine mortgage

pricing and availability. Meanwhile, estimating future tax bills requires predicting future

tax rates and appraised value. In the case of an abated property, this estimate also re-

quires knowing the rules of the abatement policy and the years of abatement remaining. If

buyers are more responsive to the highly salient current tax bill, then much of the abate-

ment premium would be due to the low initial tax burden, which remains constant until the

abatement expires. This disparity in salience would magnify any present bias or hyperbolic

discounting by buyers.

There is evidence that sellers attempt to exacerbate and capitalize on this phenomenon.
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Scraping all active Philadelphia listings on Zillow.com shows 46% of listings for proper-

ties aged 6-10 mention "abatement" in their description. This is only slightly lower than

the 54% of listings for Philadelphia properties less than 6 years old that mention "abate-

ment." Figure 2.7 contains excerpted screenshots from listings of 6-10 year old properties

in Philadelphia. These listings demonstrate that the presence of an abatement is often a

significant selling point, even for older abatements.

Figure 2.7. Sample Zillow Listings For Abated Properties Age 6-10

Notes: Screenshots from listings of age 6-10 properties in Philadelphia. Source: Zillow.com Retrieved on
December 11, 2020.

Inattention and Delinquency

Not only is the current tax bill more salient, but buyers may be unaware of the temporary

nature of the low tax bill or the precise number of years it will remain low. This would be

consistent with Bradley (2017), who found that buyers are inattentive to tax increases that

occur when assessment-capped homes are sold in Michigan. Bradley finds that buyers

pay a premium for homes with below-market assessments even though they themselves

will not be taxed based on that assessment. The Philadelphia listing data also suggests that

sellers seek to exploit this inattention to abatement expiration. While some listings mention
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the time remaining on the abatement, many either do not mention or contain only vague

language about expiration.

Mortgage performance data provides additional evidence of this inattention. If buyers

are not fully aware of the time remaining on a home’s abatement, they will treat expiration

as a payment shock. The literature on payment shocks, including deRitis et al. (2010),

finds that they result in higher mortgage delinquency rates. One implication of the failure

to anticipate a payment shock is that mortgage delinquencies could rise. This could be true

even if owners of abated properties are generally less likely to be delinquent due to their

relative affluence. To test the relation between the payment shock and delinquency, Figure

2.8 plots the percentage of loans on abated properties that were delinquent by property age.

Figure 2.8. Percent of Loans 30+ Days Delinquent by Property Age

Notes: Percent delinquent means the percent of loans that go at least 30+ days delinquent at any point during
the calendar year they reach the given age. Source: Black Knight McDash and CoreLogic Solutions data
2000-2018.

Delinquencies do appear to be more common at ages 10-12. This timing corresponds
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closely with the payment shock from expiring abatements. However, to get an accurate

estimate of the size of this effect, it is important to control for economic conditions. This is

particularly true because no abated properties were more than 9 years old at the height of

the last recession. It is also important to control for any underlying pattern of delinquencies

by property age independent of the abatement policy. This is done using the probit model

described by equation (2.14).

The abatement-specific age effect (with 95% confidence interval) is plotted in Figure

2.9. The effect reported is the average marginal effect expressed as the percentage point

(p.p.) increase or decrease in the probability of ever being delinquent during the calendar

year when the property reaches each age.

Figure 2.9. Abatement Effect on Delinquency

Notes: The graph depicts the average marginal effects for the Ageα ∗Abat coefficients. The coefficients for
ages 13 and older are defined to be 0. The shaded area represents the 95% confidence interval computed
using standard errors transformed using the delta method and error covariance matrix clustered at the loan
level. Source: Black Knight McDash and CoreLogic Solutions data 2000-2018.
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Around age 10, monthly escrow payments increase because of the increased tax bill.

This is associated with an increase in delinquencies peaking at age 11 with an increase of

3.9 (± 3.6) p.p. This estimated effect is equivalent to the impact of a 32-point drop in credit

score and is enough to increase the number of delinquencies by about 50%.11

This may be surprising given that the timing and size of the tax increase should be

known well in advance. However, it is consistent with deRitis et al. (2010), who find

similar reactions to payment shocks due to the foreseeable expiration of a teaser rate and

payment shocks due to less predictable market rate movements. They conclude that bor-

rowers are not fully informed about the temporary nature of the teaser rate. Similarly, the

spike in delinquency for age 11 properties in Philadelphia constitutes evidence that bor-

rower inattention to the expiration of the tax benefits is increasing mortgage delinquencies

for properties with recently expired abatements. It stands to reason that these borrowers

were also inattentive to the upcoming expiration when they were buyers, causing them to

overpay for abatements with few years of remaining benefits.

Price Anchoring and Loss Aversion

Another possible explanation for the overvaluation of older abatements is price anchor-

ing. Here "price anchoring" means insufficient adjustment away from an anchor price to-

wards the true market value. Northcraft and Neale (1987) showed the importance of anchor

prices in real estate transactions with an experiment using different listing prices. Beggs

and Grady (2009), Clapp et al. (2020), and others have shown how previous sales prices

can similarly serve as an anchor price. If this is the case, the initial full abatement price

premium may be carried forward via higher reference prices. Anchoring may occur not

only in a behavioral sense for buyers and sellers but also in a mechanical sense for pricing

11In the first years after construction, the abatement policy does not meaningfully change the probability
that a loan will be delinquent. After that, some evidence suggests that abatements reduce the probability of
a loan going delinquent while the abatement is active and monthly payments are therefore lower. This effect
peaks at a 2.3 (± 1.9) p.p. decrease in year 5, corresponding to about 30% fewer loans going delinquent. For
this reason, it is impossible to be certain that the abatement policy increases overall delinquency.
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models that do not account for the expiring abatement. This may be especially important

given the prevalence of tools like Zillow’s "Zestimate" feature and their role in expectation

setting.

Sellers may also exhibit loss aversion meaning they may be particularly motivated to

avoid selling at a nominal loss. Abated properties, particularly those with expired or soon-

to-expire abatements, are more likely to face a nominal loss due to the amortization of the

tax benefits. Genesove and Meyer (2001), Anenberg (2011), and others show that sellers

facing a nominal loss list their homes at higher prices, keep their homes on the market

for longer, and ultimately receive a higher selling price than they otherwise would. This

could explain some of the inflated premiums for older abated properties with soon-to-expire

benefits.

Leung and Kwok (2013) showed that the combination of these two mechanisms causes

price dispersion to be pro-cyclical. Since abated homes have an amortizing premium, one

can conceptualize them as being in a market with less robust price inflation. This would

mean the distribution of price gains for abated properties should have less variance than the

distribution for unabated properties. Indeed, the distributions of price changes in Figure

2.10 shows that the lower average appreciation of abated properties comes mainly from

a lower propensity for large gains rather than a higher propensity to sell at a loss. This

would be consistent with price anchoring and loss aversion disproportionately inflating the

subsequent sale prices of abated homes.

This loss aversion also raises the possibility that sales of older abated properties may be

positively selected. Abated properties with below-average idiosyncratic price appreciation

may be less likely to sell than identical unabated properties if the amortizing abatement

would cause a nominal loss. Consequently, sales of older abated properties may be favor-

ably selected towards those with more price appreciation. To investigate this possibility,

Figure 2.11 shows the observed proportion of abated and unabated properties sold at each

age and the difference between these probabilities after controlling for year and property
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Figure 2.10. Price Change Distribution For Abated and Unabated Properties

Notes: Distributions of log price change for successive home sales of abated and unabated properties. Source:
Zillow ZTRAX data 1994-2020.

type. Indeed, relative to unabated properties, abated properties appear to become relatively

less likely to sell as they age.12 However, the effect mostly disappears after controlling for

year, likely because older abated properties have only existed in the post-financial crisis

world where sales velocity has been slower. Therefore, it appears that the measured over-

capitalization does not arise due to selection bias.

Other Mechanisms

The abatement policy may also incentivize builders to build homes that depreciate

quicker so that more housing services are delivered during the abated period. In this case,

some of the measured abatement premium would actually be from other quickly depre-

12Abated properties are significantly more likely to sell early in their lifetimes, likely due to developers
looking to capture the full abatement subsidy.
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Figure 2.11. Probability of Sale by Age For Abated and Unabated Properties

Notes: The graph depicts the observed probability that abated and unabated homes sell at each age and the
difference between the abated and unabated probabilities after controlling for the property type and year. The
shaded area represents the 95% confidence interval. Source: Zillow ZTRAX data 1994-2020.

cating features. This would also help explain the apparent continued amortization of the

estimated abatement premium after age 10. The final possible explanation is measurement

error. Looking at active listings, there are a small number of cases where the advertised

years of abatement remaining exceed the number suggested by the year the property was

built, suggesting that some properties have more years of abatement remaining than they

appear to in the data.

2.6 Conclusion

Philadelphia’s abatement policy offers an ideal natural experiment for estimating the cap-

italization of property taxes. Because the abatement terminates after 10 years, a new test

of capitalization over time is possible. This test shows that the capitalization rate rises
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over the life of the abatement as the premium amortizes more slowly than expected. There

is evidence for various potential causes, including buyer inattention to abatement expira-

tion. The fact that expiring abatements lead to a 3.9 p.p. increase in mortgage delinquency

reinforces the evidence for this mechanism. Other possible explanations are the relative

salience of current vs. future taxes and persistent premiums due to price anchoring and loss

aversion.

The finding of increased mortgage delinquency for properties with newly expired abate-

ments raises questions about the role of underwriting and disclosure for these mortgages.

Local lenders likely lack the sophistication to underwrite loans on abated properties differ-

ently, while large national lenders likely ignore idiosyncratic local policies like Philadel-

phia’s abatement policy. Current standard disclosures mention the possibility of tax in-

creases due to reassessment but not expiring abatements. Additional disclosure in loan

documents and purchase agreements may better inform future borrowers.

While this chapter is not intended to assess the overall effectiveness of Philadelphia’s

abatement policy, this analysis does have policy implications. Specifically, the results of

this chapter shed some light on some likely effects of the reform to Philadelphia’s abate-

ment policy which went into effect on January 1, 2022. The reformed policy phases out the

tax benefit over the 10-year life of the abatement rather than fully abating the value of the

new development for 10 years. This should ameliorate the over-payment for homes with

soon-to-expire abatements since current tax amounts will be more in line with future prop-

erty taxes. It should also lessen the effect that expiring abatements have on delinquencies.

Finally, to the extent that the market over-emphasizes current taxes when setting the initial

abatement premium, having the benefit phase out will help Philadelphia incentivize more

development per dollar of foregone revenue.
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3 The Housing Market Effects of Philadelphia’s Abatement Policy

3.1 Introduction

The objective of Philadelphia’s abatement policy was to increase new development. The

combination of high construction costs and low home prices meant few projects were eco-

nomically viable prior to the enactment of the policy in 2000. In fact, from 1990-1999,

Philadelphia had one of the country’s lowest recorded rates of new building permits. Per-

mitting more than tripled in the decade that followed. This chapter focuses on whether the

abatement policy was responsible for this increase. Specifically, it attempts to theoretically

then empirically answer the questions about the impact of the policy on new construction

and home prices.

The theoretical model makes several predictions about the policy’s impact. First, there

is a sharp ≈ 50% increase in construction after enactment. However, the long-term increase

in construction and the size of the housing stock is much smaller at 1-5%. Instead, the more

significant long-term effect of the policy is a decrease in the prices of existing homes which

gradually fall 8-10%. The policy is effective as a tool to increase development only in the

short run. However, it is a viable long-term strategy to aid housing affordability.

In contrast, the empirical analysis finds no impact of the policy on the permitting rate

in Philadelphia. While the abatement policy’s enactment coincided with a surge in con-

struction and permitting, other similar jurisdictions saw a similar surge. This finding can

be reconciled with the theoretical results if Philadelphia construction costs were well above

new home prices before enactment. Furthermore, prices of existing structures in Philadel-

phia rose faster than in similar areas. This indicates that demand factors may have been

more important than policy changes designed to increase supply.

While there is a substantial literature on the effectiveness of local tax incentives, it

focuses mainly on policies specific to commercial and industrial developments. A few

studies have been done on residential tax abatements in Ohio, including Rosentraub et
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al. (2007), who use survey data to conclude that the policy is essential in homebuyers’

decisions. Conversely, Swetkis (2009) finds that the policy had no discernable effect on

neighborhood-level outcomes. This chapter’s analysis is the first to model the theoretical

impacts of residential tax abatements. It also adds to the existing empirical literature by

testing the model’s predictions using synthetic control analysis.

Finally, significant public debate has ensued about the merits of the policy, and the

Philadelphia City Council has recently amended the policy with reforms that took effect

in January 2022. Proponents of abatement reform argued that curtailing or ending the

abatement would raise much-needed revenue and slow the pace of gentrification. Defenders

of the policy say that it delivered considerable benefits and that significant reforms would

be shortsighted. While some analyses supporting these positions have been published, very

little academic work has been done on the policy’s effectiveness. A careful and independent

study of its economic effects will be helpful in these discussions.

3.2 Theoretical Impacts

3.2.1 Model

The key question in assessing the impact of Philadelphia’s abatement policy is how much

construction would not occur but for the policy. Estimating the effects of the policy on

jobs, tax revenue, rents, and home prices hinges on the amount of development impacted.

In theory, the abatement policy should increase the sales price of new development relative

to existing homes by the present value of the tax benefit, or approximately 10.5%.13 The

short-term change in construction that results from this increase in new development prices

is modeled with equation (3.1).

Ct = αs [(1+θ)Pt ]
βs (3.1)

13The present value is calculated assuming 85% abatement, 5% nominal discount rate, and 2% nominal
tax growth.
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Ct and Pt represent detrended construction and existing home prices respectively, θ is

the new development abatement premium, βs is the price elasticity of supply, and αs is a

constant for scale purposes. The abatement policy is modeled as an increase in θ from 0 to

.105.

The short-term increase in construction is quite sensitive to the elasticity used. Green,

Malpezzi, and Mayo (2005) estimate the elasticity βs in Philadelphia to be 4.3, which would

lead to an increase of 53.6%. Saiz (2010) estimates a smaller elasticity of 1.65, implying a

17.9% increase. A 2018 report by Jones Lang LaSalle Americas (JLL) Inc. estimated the

policy increases development by 67-100%14 which is consistent with a supply elasticity

between 5.11 and 6.92. The wide range of these estimates reflects the inherent difficulty

in measuring housing supply elasticity. Furthermore, the supply elasticity is unlikely to be

uniform across the city, as Baum-Snow and Han (2019) show. Consequently, while likely

to be significant, the short-term impact on construction is quite uncertain.

However, these estimates reflect a limited short-term equilibrium and do not apply to

the medium or long run. Increases in construction of this magnitude will, over time, signif-

icantly increase the amount of housing available in the city. This will cause prices to fall,

which, in turn, will slow construction. A dynamic version of the model introduced by Di-

Pasquale and Wheaton (1992) can be used to predict the timing and size of these impacts.

The model estimates rents, home prices, construction, and housing stock for each period

after the abatement policy is enacted. The four equations that govern the model are the

construction equation (3.1) from above, a demand/rent equation (3.2), a valuation equation

(3.3), and a stock adjustment equation (3.4).

St = αdR−βd
t (3.2)

Pt

(
1+

τ

r

)
=

Rt

i
(3.3)

14This estimate is taken from the report’s projection that eliminating the abatement policy would reduce
construction by 40-50%
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St = St−1 (1−δ − γ)+Ct−n (3.4)

St and Rt are the detrended housing stock and rent respectively. αd is a scale parameter

and βd is the price elasticity of demand.15 τ , r, and i are the property tax rate, the real

discount rate, and the capitalization rate respectively. δ is the economic depreciation rate of

housing net of maintenance and any improvements that do not qualify for an abatement.16

γ is the growth rate of housing demand. Figure 3.1 illustrates the model and stylistically

depicts the initial state (black), short-term impact on construction (green), and new long-

run equilibrium (blue) of the abatement policy.

15The model is written so that βd is positive.
16Under Philadelphia’s policy, improvements that do not require a city building permit do not qualify for

abatements.
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Figure 3.1. Stylized Model of the Abatement Policy

Notes: Adapted from DiPasquale and Wheaton (1992). The abatement policy shifts the construction curve

to the right from the black line to the red line. This leads to a large temporary increase in construction, as

indicated in green. Over time the market settles into its new equilibrium depicted with the blue rectangle.

Of course, an abatement policy does not exist in a vacuum. Any changes in tax revenue

from the policy must be offset with changes either to other taxes or to city services. This

analysis considers two possible scenarios for how the policy is implemented. In the first

scenario, the city "burns" all tax revenue. Not to be taken literally, this scenario simply

corresponds to changes in revenue being absorbed by programs that have no impact on

real estate markets. In the second scenario, the abatement policy is "revenue neutral."

This scenario assumes that the city dynamically adjusts the property tax rate to offset any

changes in the property tax base due to the policy. This scenario could also be interpreted as
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absorbing revenue changes with changes to programs that homeowners perceive as equally

undesirable (desirable) as the rate increase (decrease).

In all scenarios, the policy’s benefits are likely capitalized into land prices. Therefore,

enactment results in a large windfall for owners whose options to redevelop were already

in-the-money and smaller windfalls for owners of infra-marginal properties whose options

become in-the-money. Finally, even owners of properties that will not be immediately rede-

veloped enjoy a small benefit by shortening the time until it will be profitable to redevelop.

3.2.2 Comparative Statics

The model can be solved for several relevant results concerning the sensitivity of the outputs

to changes in the abatement policy. The short-term percentage effect on construction from

changing the present value of the abatement (3.5) can be obtained by differentiating the

construction equation (3.1).

∂C
∂θ

1
C

=
βs

1+θ
(3.5)

Differentiating equations (3.1)- (3.4) and solving gives the relevant long-term effects

from the abatement. Equations (3.6), (3.7), and (3.8) give the percentage effects on con-

struction (and housing stock), prices, and rents respectively.

∂C
∂θ

1
C

=
∂S
∂θ

1
S
=

βsβd

βs +βd

(
1

1+θ
−

∂τ

∂θ

τ + r

)
(3.6)

∂P
∂θ

1
P
=

−1
βs +βd

(
βs

1+θ
+

βd
∂τ

∂θ

τ + r

)
(3.7)

∂R
∂θ

1
R
=

−β s
βs +βd

(
1

1+θ
−

∂τ

∂θ

τ + r

)
(3.8)

If the property tax rate does not adjust to changes in the abatement policy as in the

"burn the money" scenario, then ∂τ

∂θ
= 0. If the total tax revenue is held constant, then
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∂{τ[L+(1−φ)SP]}
∂θ

= 0, where φ is the portion of total home value exempt from taxation and

L is the value of land.1718.

Comparing equations (3.5) and (3.6) makes clear that the long-term impact on con-

struction will likely be significantly less than the short-term effect discussed above. Setting

aside any changes in the tax rate, the long-term effect is simply the short-term effect mul-

tiplied by βd
βs+βd

< 1. Moreover, while these elasticities are difficult to measure precisely, it

is likely that βs > βd . If the property tax rate is raised to account for the tax expenditure,

the long-term impact on construction is further eroded as ∂τ

∂θ
> 0.

3.2.3 Unit Quantity vs. Quality

The DiPasquale and Wheaton framework measures the stock of housing S and construction

C in terms of quality-adjusted square feet. This can be thought of as the product of the

number of units N and the quality-adjusted average "size" Z. Two relevant results follow

from this conceptualization. First, changes in construction and housing stock can result

from changes in either of the underlying variables ∂ (NZ) = (∂N)Z +N(∂Z). Second, the

price elasticities of supply and demand are each the sum of the elasticity for units and

elasticity for "size" ∂S
∂P

P
S = ∂Z

∂P
P
Z + ∂N

∂P
P
N . This adds to the uncertainty surrounding these

elasticities and justifies sensitivity testing the model over a considerable range of values as

presented in Section 3.2.6.

3.2.4 Simulated Impacts and Adjustment Path

The calibrated model is used to simulate the possible path of the housing stock, rents,

home prices, and development following the enactment of an abatement policy. This is

done separately for the "burn the money," "revenue neutral," and no-abatement (baseline)

17In long run equilibrium φ ≈ θ

τ
(δ + γ) and therefore ∂φ

∂θ
≈ δ+γ

τ
. These equations hold with equality if

either the abatement tax benefit is delivered up front as a lump sum or if r = δ + γ

18To match assessment data L = .15S0P0. For simplicity, it is assumed that ∂L
∂θ

= 0 as this assumption
makes little difference in simulations.
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scenarios. The model also calculates property tax revenue and the property tax rate for the

"burn the money" and "revenue neutral" scenarios respectively. Figure 3.2 shows each of

these variables as a percentage difference from the no-abatement baseline over time.
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Figure 3.2. Simulated Effects of the Abatement Policy by Year

Scenario 1: "Burn the Money"

Scenario 2: "Revenue Neutral"

Notes: Simulation using calibrated model. Both scenarios depict a large ≈50% initial increase in construc-

tion. Over time this increases the housing stock by 4.5% in the "Burn the Money" scenario and 1.5% in the

"Revenue Neutral" scenario and decreases prices of existing homes by 8.6% and 9.2%, respectively.

62



In Scenario 1, development spikes 53.6% in year 1, consistent with the construction

equation (3.1). This starts a gradual increase in the housing stock and a simultaneous de-

cline in rents and existing home prices beginning in year 2. Development slows with the

decline in home prices. Around year 20, the market is close to its new long-run equilibrium

with development and housing stock each up 4.5%, significantly smaller than the effect

on development in the short run. This is because rents and existing home prices fall 8.6%

compared to the no-abatement baseline. In both scenarios, the price of newly developed

homes (not pictured in Figure 3.2) initially jumps 10.5% when the policy is enacted. Other-

wise, new homes experience the same trend as existing homes. For Scenario 1, the long-run

equilibrium change in new home prices is +1.0%.

The effect on city revenues is central to the debate over the policy’s future. In Scenario

1, property tax revenues decline initially and reach a maximum decline of 17.0% in year

11. Revenues rebound slightly beginning in year 12 when the additional development from

year 1 begins being taxed. In the long run, property tax revenue is reduced by 15.2%

compared to the no-abatement scenario. The long-term decrease can be broken down into

an 11.1% direct decrease from the abated property, an 8.6% decrease in assessed value, and

a partially offsetting 4.5% increase in the housing stock.19

The dynamics in Scenario 2 show a few differences. The initial spike in development

is very similar at 50.9%.20 However, existing home prices fall more sharply in years 1-10

because property tax rates must increase as more properties are abated. This more signif-

icant decrease in prices means that when abated properties peak in year 11, development

is actually lower than in the no-abatement scenario. This causes the oscillatory behavior

seen in the second panel of Figure 3.2. Still, by year 20, the market is stable near its new

19The total fiscal impact includes changes in other tax revenues. For example, wage and sales tax revenues
likely rise along with construction and the housing stock. Conversely, property transfer tax revenue may fall
with home prices. The expenditure side may also be impacted. A more detailed analysis of the specific case
of Philadelphia revenue is available from the author upon request.

20This is slightly smaller than in Scenario 1 because of a small year 1 increase in the property tax rate and
the resulting price decrease.
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long-run equilibrium with development/housing stock up 1.5%, existing home prices down

9.2%, and new home prices up 0.3% compared to the no-abatement baseline.21 Increasing

property tax rates also mean existing home prices no longer move in lockstep with rents,

which decrease 3.0% in equilibrium. The property tax rate increases from 1.40% to 1.70%

(a 21% increase) to keep property tax revenue the same as in the no-abatement baseline.

Returning to the key question of how much development would not occur but for the

abatement policy, it is clear that the long-term increase (4.5% or 1.5%, depending on the

scenario) is significantly smaller than the initial spike. Moreover, the long-term effect

is much less sensitive to the supply elasticity. For example, an elasticity of 6.92, which

produces a 50% short-term decline, changes the long-term decline to 4.7% in Scenario 1

and 1.6% in Scenario 2. Consequently, there is much less uncertainty in the long-term

effects. Section 3.2.6 provides a complete sensitivity analysis of each input and output of

the model.

3.2.5 Model Calibration

Several of the model’s parameters are calibrated using results from the literature, while

others are calibrated using data or assumptions about Philadelphia’s real estate market.

Finally, some parameters are given arbitrary values as they do not affect the reported output.

Below is a comprehensive list of the parameters and how they are calibrated.

• βd is the price elasticity of demand. The model uses a value of .49 based on an av-

erage of estimates from Hanushek and Quigley (1980) and Goodman (1988). These

estimates may not reflect the full elasticity from migration. Section 3.2.6 examines

the effects if demand elasticity is significantly higher.

21One might expect there to be no long-term change in development if changes in revenue are offset with
other taxes on homeowners. However, the property tax base includes not only the value of the initial structure
but also the value of land and maintenance. This slightly blunts the impact of rate increases on development.
The positive underlying growth trend has the opposite effect by increasing the abated to unabated properties
ratio.
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• βs is the price elasticity of supply. Green, Malpezzi, and Mayo (2005) use two spec-

ifications that result in Philadelphia-specific estimates of 3.65 and 4.30. These lie

conveniently between the estimate from Saiz (2010) and the elasticity implied by

JLL Inc. (2018). The higher 4.30 estimate is used to reflect some additional elastic-

ity from unit size.

• δ is the economic depreciation rate of housing net of maintenance and non-abated

improvements. The model uses 1% based on the 2% estimate from Harding, Rosen-

thal, and Sirmans (2007), which accounts for maintenance but not other improve-

ments.

• n is the lag between construction and housing stock adjustment. The model uses 1

year based on Paciorek (2013).

• γ is the real growth rate of demand for housing services. The model uses a value of

0.5%.

• r is the real discount rate. The model uses a value of 3% consistent with a nominal

rate of about 5%. This discount rate is also used to calculate the abatement tax benefit

value θ .

• τ is the property tax rate. The model uses Philadelphia’s current rate of 1.4% except

in the "revenue neutral" scenario, where it is adjusted each period to keep property

tax revenue the same as under the no-abatement baseline.

• θ is the present value of abatement tax benefit expressed as a percentage of the non-

abated price. The model uses 10.5% for the abated scenarios and 0% for the no-

abatement baseline. This comes from assuming an 85% reduction in property taxes

and a 1.4% tax rate. The full calculation is ∑
9
t=0 1.4%∗85%∗ (1+ r)−t .

• αd and αs are scale parameters for the housing and construction markets respectively.

They do not affect percentage changes, so they are given an arbitrary value.

65



• i is the capitalization rate. The model treats this as static; therefore, the value does

not affect the reported output. Therefore, it is given an arbitrary value.

3.2.6 Sensitivity Analysis

Changes in the scale parameters αd , αs, and the capitalization rate i do not affect the re-

ported outputs since these parameters have the same effect in the baseline and abated sce-

narios. Changing n does not affect the long-run equilibrium but can change the market’s

path to reach that equilibrium. Table 3.1 shows the long-run equilibrium effects of the

abatement policy using alternative values for the parameters βs, βd , r, δ , and γ .

Table 3.1. Sensitivity of Simulated Long Run Effects

Scenario 1: "Burn the Money" Scenario 2: "Revenue Neutral"
Housing Stock Existing Housing Tax Housing Stock Existing
& Development Prices & Rents Revenue & Development Rents Housing Prices

Base Values 4.5% -8.6% -15.2% 1.5% -3.0% -9.2%
Supply Elasticity

βs = 7.0 4.7% -8.9% -15.3% 1.6% -3.1% -9.3%
βs = 1.5 3.8% -7.2% -14.7% 1.3% -2.6% -8.7%

Demand Elasticity
βd = 5 26.0% -4.5% 2.9% 33.1% -5.6% -3.0%
βd = 2 14.6% -6.6% -6.8% 8.0% -3.8% -7.9%
βd = 1 8.4% -7.8% -11.9% 3.3% -3.2% -8.8%

βd = .25 2.4% -9.0% -16.9% 0.7% -2.9% -9.3%
Discount Rate

r = .06 4.0% -7.7% -14.8% 2.4% -4.6% -8.0%
r = .01 4.9% -9.2% -15.4% -1.4% 3.0% -10.5%

Net Depreciation + Growth Trend
δ + γ = .03 4.5% -8.6% -25.1% -1.0% 2.0% -9.7%

δ + γ = .005 4.5% -8.6% -7.8% 3.1% -6.0% -8.9%
Notes: Simulation using calibrated model.

The model is tested using parameter values roughly reflecting the upper and lower

bounds of plausible values for that parameter. As discussed, the long-run outputs are quite

robust to changes in the elasticity of supply. The outputs are more sensitive to the elasticity

of demand. While a household’s consumption of housing services is almost certainly less

than unit elastic, relocating households may cause the overall elasticity to be higher. If the

demand elasticity is sufficiently high, the long-term effect on construction approaches the

short-term effect, and the policy may be revenue positive.

Changing the discount rate has a small impact on an abatement’s present value, which

impacts the outputs in both scenarios. However, the discount rate mainly impacts the "rev-
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enue neutral" scenario by changing the tradeoff between the immediate tax benefit and

higher taxes later. For sufficiently small discount rates, "revenue neutral" implementation

of the abatement policy may decrease long-term development as the rise in the property tax

rate decreases property prices by more than the abatement premium.

The model depends only on the sum of δ and γ , so these parameters are tested together.

A higher sum increases the abated share of the tax base. In the "burn the money" scenario,

this only decreases property tax revenue. In the "revenue neutral" scenario, a higher abated

share necessitates higher property taxes, decreasing prices and development.

3.3 Data

The US Census Bureau maintains several county-level datasets that can be used to mea-

sure the empirical effects of the policy. Specifically, the Building Permits Survey provides

monthly data on the number and value of residential housing units authorized for construc-

tion. This is combined with Census Bureau annual population estimates to get a permit rate

per 1000 residents. Additionally, the Federal Housing Finance Agency (FHFA) maintains

annual county-level House Price Indices detailed by Bogin et al. (2019).

The empirical results begin with descriptive evidence about the changes in the Philadel-

phia housing market from the decade preceding the abatement policy enactment to the

decade that followed. This is compared to changes in cities identified as peer cities by JLL

Inc (2018) in a report commissioned by the city. The results of a more formal synthetic

control analysis are then presented. The pool of potential donor counties consists of the

100 most populous US counties as of 2000, less the following exclusions.

• New York County, NY (Manhattan) is excluded because its FHFA home price index

is only computed back to 2000.

• Miami-Dade County, FL is excluded because of missing permit data.

• Honolulu County, HI is excluded as it is the only county in the top 100 outside the
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contiguous 48 states.

This leaves 96 potential donor counties plus Philadelphia. Table 3.3 contains the weights

used for each specification with each outcome variable.

3.4 Empirical Evidence

3.4.1 Descriptive Evidence

In the specific case of Philadelphia’s implementation of the abatement policy in 2000, it

is impossible to know the exact value of each model parameter. Additionally, it is impos-

sible to know whether the "revenue neutral" scenario, the "burn the money" scenario, or

something in-between best represents reality. Therefore, to empirically test the theoreti-

cal results, one should look for results that can be seen in both scenarios and under any

combination of plausible parameter values. A few results meet these criteria. First and

foremost, there should be a sizeable initial increase in development relative to the counter-

factual no-abatement level. This effect should fade significantly over time unless demand

approaches perfect elasticity. This increase can come from any combination of additional

units or additional unit size. Second, housing prices should gradually fall up to 10% vs. the

counterfactual.

Table 3.2 summarizes the relevant measures for Philadelphia county and the counties

containing seven cities identified as peer cities by JLL Inc. (2018) and the nation as a whole.

The table shows building permit rates for the 1990-1999 and 2000-2009 periods, as well as

the percent change between the periods. It also gives the percent change in population and

home prices between 2000 and 2010. Cities that, like Philadelphia, are coterminous with

their county are displayed separately from counties that extend beyond the city proper.22

Theory suggests that Philadelphia, relative to otherwise comparable cities, should have

experienced a significantly larger increase in construction, a somewhat smaller increase in

22New York is the sum of five coterminous counties: Bronx County (The Bronx), Kings County (Brook-
lyn), New York County (Manhattan), Queens County (Queens), and Richmond County (Staten Island).
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Table 3.2. Philadelphia County vs. Counties Containing Peer Cities

Permit Rate Avg. Value Home Prices Population
(Units/1000 Residents) 90s vs 00s 2000 to 2010 2000 to 2010

1990-1999 2000-2009 %∆ %∆ %∆ %∆

Philadelphia 3.0 10.3 246.9% -20.9% 95.5% -4.3%
Coterminous Peer Cities

Baltimore, MD 2.5 8.4 243.2% -18.7% 79.4% -11.5%
New York, NY 7.9 28.1 256.3% -35.2% 109.7% 9.4%

San Francisco, CA 14.6 23.7 61.9% -40.8% 58.7% 7.3%
Washington, DC 3.0 24.6 716.8% -40.4% 107.9% -5.7%

Other Peer Cities’ Counties
Allegheny County, PA (Pittsburgh) 16.4 16.5 0.5% 7.4% 28.9% -4.1%

Cook County, IL (Chicago) 15.3 25.0 63.7% -19.2% 31.7% 5.3%
Suffolk County, MA (Boston) 4.2 16.9 299.5% -51.3% 42.1% 4.1%

USA Total 53.1 56.2 5.9% -7.6% 33.8% 13.1%
Notes: Source: US Census Bureau and FHFA data.

prices, and a slightly larger increase in population. However, Philadelphia falls well within

the range of values of the conterminous peer cities across all three measures. From 1990-

1999 there was very little construction in Philadelphia and some of the peer cities. This is

consistent with the S-shaped housing supply curve described by Goodman (2013) and home

prices below the cost of construction. Philadelphia’s 2000-2009 permit rate was almost

250% higher than in the previous decade. This is often used as evidence of the abatement

policy’s effectiveness. However, this increase is quite similar to the increases in Baltimore

and New York (whose far less generous abatement policies predate Philadelphia’s) and

significantly smaller than the increase in Washington, DC. 23 All these cities saw decreases

in the price-adjusted average value of permitted units, and Philadelphia experienced one of

the smaller decreases. The magnitude of these changes is small compared to the change

in the number of units. Philadelphia ranked third among the five coterminous peer cities

for home price and population changes. Overall, these comparisons do not show much

discernible impact from the implementation of Philadelphia’s policy.

The data from non-coterminous counties appears to be different, underscoring the need

to select a control group carefully. These counties tend to have higher permit rates in

both the 1990-1999 and 2000-2009 periods. They also have smaller increases in home

23The increase in San Francisco was less pronounced as it had by far the most permiting activity during
the 1990-1999 period.
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prices. Only the population changes appear comparable to the coterminous cities. Of these

counties, Massachusetts’s Suffolk County behaves most like the coterminous cities, which

is expected given that about 85% of its population resides in Boston. The patterns in Cook

County, IL (54% of which is Chicago) and Allegheny County, PA (26% Pittsburgh) look

somewhat more like the US as a whole.

3.4.2 Synthetic Control Analysis

While the descriptive evidence in Section 3.4.1 does not show any effects from the abate-

ment policy, this may be due to using somewhat arbitrary peer cities as controls. A more

rigorous approach uses the synthetic control method popularized by Abadie, Diamond, and

Hainmueller (2010), which takes a weighted average of selected donor counties to create

a synthetic control. This control represents the counterfactual path that the treated county

(Philadelphia) would have taken if not for the implementation of the abatement policy. The

weights are systematically chosen so that the synthetic control closely matches Philadel-

phia during the pre-intervention period of 1990-1999.

Specifically, the method chooses the nx1 weighting vector W that minimizes (3.9) sub-

ject to the constraints that the weights are non-negative and sum to 1.

k

∑
i=1

Vi
(
X1i −X ′

0iW
)2 (3.9)

Here X1 is a kx1 vector of pre-intervention attributes for Philadelphia, and X1i is the

value for the ith attribute. Similarly, X0 is an nxk matrix of the same attributes for the n

potential donor counties, and X0i is the nx1 vector of values of the ith attribute. Vi is a

weight reflecting the importance of the particular attribute for predicting the value of the

outcome variable. Vi is chosen using the regression-based method described in Kaul et al.

(2015).

This analysis is conducted for each outcome variable: permit rate, population, and

house prices. Population and house prices are both indexed to 2000 values. For each
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outcome, two alternative sets of predictive attributes are used. The first uses the lagged

values of the outcome variable for each year in the pre-treatment period. While this method

is quite popular, Kaul et al. (2015) show that it may bias the results if it results in a poor

match for other predictive attributes. Consequently, the analysis is repeated with the X

vector containing only the mean of the outcome variable across the pre-treatment period

along with the pre-treatment means of several other predictive attributes:

• The remaining outcome variables

• The share of permit activity by building size (1, 2, 3-4, or 5+ units)

• The average value of permitted units overall and by building size

• The population density and housing unit density

Table 3.3. Synthetic Philadelphia Donor County Weights

Permit Rate Home Prices Population
Lags Attributes Lags Attributes Lags Attributes

Baltimore City, MD .553 .245 .195 .410 .449
Nassau County, NY .251
Queens County, NY .196

Washington, DC .379 .217 .213
Hudson County, NJ .260 .057 .400 .136
San Francisco, CA .115 .196
Mercer County, NJ .217

Monroe County, NY .177
New Castle County, DE .153
Delaware County, PA .126
Fresno County, CA .116

San Bernardino County, CA .078
St. Louis City, MO .042
El Paso County, TX .031

Dutchess County, NY .003
Albany County, NY .345
Kings County, NY .060 .007
Nueces County, TX .181
Suffolk County, MA .148

Worcester County, MA .042
El Paso County, CO .003

Notes: Source: Author calculations using US Census Bureau and FHFA data.
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Figure 3.5. Philadelphia vs. Synthetic Philadelphia: Permit Rate

Notes: Permit rates in Philadelphia show similar behavior to the Synthetic Philadelphia based on the lags of
the dependent variable. This indicates that the abatement policy was not responsible for the increased con-
struction in Philadelphia in the 2000s. The Synthetic Philadelphia that matches based on housing attributes
has trouble matching Philadelphia in the pre-period due to the extremely low permit rate in Philadelphia in
the 1990s. Source: Author calculations using US Census Bureau and FHFA data.

The annual permit rate for Philadelphia and the two synthetic controls are shown in

Figure 3.5. Ignoring small year-to-year fluctuations, the lag-based Synthetic Philadelphia

closely mirrors the actual Philadelphia data both before and after the implementation of the

abatement policy. It is only after 2010 that there is any sustained elevated construction in

the actual Philadelphia data. However, the assumption that Synthetic Philadelphia follows

the same trend as Philadelphia would without the abatement policy becomes less valid with

time since the intervention. Furthermore, it is difficult to ascribe the post-2010 relative

increase to a policy implemented in 2000.

The attribute-based Synthetic Philadelphia has trouble matching the permit rate of

Philadelphia in the pre-treatment period. This is mainly because Philadelphia had the
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second-lowest average permit rate among the 196 counties during this period. However,

because the theoretical model suggests that Philadelphia should have a larger change in

construction, the trend is more important than the level. The average annual permit rate

difference between the 1990-1999 and 2000-2009 periods is greatest for the attribute-based

Synthetic Philadelphia in both absolute and relative terms.

The theoretical model predicts the quantity of housing, not the number of housing units.

It is possible that the effects of the policy would instead show up in the average size and

value of newly constructed housing units. However, a similar analysis (seen in figure 3.6)

of average value listed on permit applications shows no meaningful difference between

Philadelphia and its synthetic control.

It would be a mistake to ascribe much precision to these estimated impacts (or lack

thereof) of the policy. This is particularly true for more recent years that are further into

the post-treatment period. However, the theory suggests that one should see the strongest

effects on construction in the years immediately after the policy takes effect, and that the

effect should be quite large.24 This prediction is clearly not consistent with the permit data.

The timing and direction of the estimated impact on home prices, shown in Figure 3.7,

are also inconsistent with the theoretical predictions. The abatement policy should increase

prices only for newly developed properties. The resulting increase in supply should grad-

ually drag overall prices 7-10% below the counterfactual level in Synthetic Philadelphia.

However, actual Philadelphia prices increased more than both the lag-based and attribute-

based constructions of Synthetic Philadelphia. This divergence mainly occurs between

2007 and 2012, coinciding with the great recession and its immediate aftermath. This

reinforces that other idiosyncratic factors are responsible for any post-recession relative in-

crease in Philadelphia construction.

It is difficult to draw any meaningful conclusions from the results of the synthetic con-

trol analysis for population shown in Figure 3.8. The actual Philadelphia data generally

24Various elasticity estimates put the short-term effect as high as 100% and as low as 17.9%.
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Figure 3.6. Philadelphia vs. Synthetic Philadelphia: Avg Unit Value

Notes: Average permitted unit value in Philadelphia shows similar behavior to Synthetic Philadelphia. There
is no evidence that the abatement policy increased construction activity in Philadelphia through larger or
higher quality units. Source: Author calculations using US Census Bureau and FHFA data.

moves in line with both controls through about 2011 and then slows slightly in the later

years (where there is more uncertainty). Meanwhile, the theory predicts a positive but sub-

tle increase in the housing stock. This, coupled with the possibility that population may

be an inadequate proxy for housing stock, makes it impossible to say anything conclusive

about the effects of the policy based on this population analysis alone.

The abatement policy appears to have not affected Philadelphia’s development rates.

Philadelphia’s lived experience with the abatement policy does not appear to reflect either

the short-term or long-term theoretical results discussed in Section 3.2. In fact, to a first

approximation, the policy looks like it has no effect whatsoever. Construction did pick up

in the decade following enactment, but it did so gradually and in tandem with counties that

did not enact similar policies. Furthermore, prices in Philadelphia rose at least as quickly
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Figure 3.7. Philadelphia vs. Synthetic Philadelphia: Home Prices

Notes: Home prices increase faster in Philadelphia than in its synthetic counterparts. This is the opposite
result from what the theory predicts, and suggests that demand rather than supply factors may drive increases
in construction. Source: Author calculations using US Census Bureau and FHFA data.

as in the control areas. If the increased development was due to the new policy, home

prices should have appreciated less. Instead, rising real estate prices in Philadelphia and

similar areas increased construction in struggling cities nationwide. The relative increase

in Philadelphia’s home prices accelerated during the great recession leading to increased

construction after 2010. Again, if this increase in construction were due to delayed effects

of the abatement policy (rather than other idiosyncratic factors in Philadelphia), it would

have coincided with a relative decrease in existing home prices. While it is also possi-

ble that the effects of the policy were exactly canceled out by simultaneous and opposite

Philadelphia-specific events, this is neither a satisfying nor likely explanation.

The most likely explanation for the lack of effects from the policy is that, prior to

enactment, the price of new homes in Philadelphia was even further below the cost of con-
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Figure 3.8. Philadelphia vs. Synthetic Philadelphia: Population

Notes:Population trends in Philadelphia look similar to those in its synthetic counterparts in the initial years
after the implementation of the abatement policy. Source: Author calculations using US Census Bureau and
FHFA data.

struction than in other peer cities. If this were the case, both cities would have very little

new development, but rising prices would increase development much less in Philadelphia

than in the other cities. The enactment of the abatement policy raised prices of new de-

velopment in Philadelphia, but this occurred in the inelastic part of the supply curve for

housing, as shown in Figure 3.9.

Bringing this bent supply curve into the model depicted in Figure 3.1 gives a more

accurate representation of the likely effects of the abatement policy’s enactment in 2000

if the housing market was stable. This is depicted in Figure 3.10. The immediate impact

on construction is still significant, but not as large as it would have been had Philadelphia

already been on the elastic part of the construction supply curve. A contemporaneous

increase in demand (rightward shift in the rent determination market) increased rents and
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Figure 3.9. Stylized Depiction of Changes in Housing Markets

Notes: Philadelphia experienced a similar magnitude rise in construction as its peer cities despite implement-
ing the abatement policy because housing prices were far below the construction cost in Philadelphia before
enactment.

prices in Philadelphia and its peer cities, further increasing construction activity.

3.5 Conclusion

Residential property tax abatement programs are less prevalent than those for businesses

but far from uncommon. Therefore, it is surprising that few studies have attempted to

quantify their effects on the housing market. This chapter appears to be the first attempt

to model the theoretical effects on the housing market and is among the few who have

empirically tested effects.

The theoretical model predicts a sharp initial increase in construction that recedes over
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Figure 3.10. Stylized Depiction of Changes in Housing Markets

Notes: Philadelphia experienced a similar magnitude rise in construction as its peer cities despite implement-
ing the abatement policy because housing prices were far below the construction cost in Philadelphia before
enactment.

time. In the long-term, the increase in construction is likely less than 5%. This happens

because the increased construction activity gradually increases the housing stock, lower-

ing the prices of existing homes. The long-term decrease in prices is 8-10%. Abatement

policies may be effective tools to increase construction in the short term, but the long-term

benefit is increased affordability.

On the surface, the data supports these predictions. Construction activity more than

tripled in Philadelphia in the decade following the abatement policy’s implementation

in 2000. However, many similar cities also experienced dramatic development increases

around this time. A synthetic control analysis finds null results for the policy’s effect on
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construction. This is likely explained by housing prices being further below the cost of

construction in Philadelphia than in other cities with low construction activity in the 1990s.

Furthermore, after the implementation of the policy, the pace of housing inflation rose more

in Philadelphia than in similar cities. This runs contrary to the predictions of the theoreti-

cal model and suggests that higher demand for homes in Philadelphia played a role in its

construction boom.
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Appendices

A Appendix I: Chapters 1 and 2 Robustness Tests

Figure A.1. Repeat Sales Regression

Notes: The graph depicts the theoretical, baseline empirical, and repeat sales model premiums for an abated
home through the period of tax benefits. The empirical premiums are derived by exponentiating the Ageα ∗
Abat coefficients and subtracting 1. For ages 12 and older, the premium is defined to be 0. The repeat sales
regression gives an implied age 0 capitalization of 97.0% with a 95% confidence interval of 75.8%-118.3%.
The shaded area represents the 95% confidence interval computed using the delta method. Source: Zillow
ZTRAX data 1994-2020.

86



Figure A.2. Hedonic Regression

Notes: The graph depicts the theoretical, baseline empirical, and hedonic model premiums for an abated
home through the period of tax benefits. Home characteristics replace home fixed effects in the baseline
regression. The additional characteristics are bedrooms, bathrooms, log square footage, log lot size, and
the interaction of property type and age indicators with log square footage and log lot size. An indicator
variable for abated properties has a statistically insignificant coefficient of -.008 (SE=.015). The empirical
premiums are derived by exponentiating the Ageα ∗Abat coefficients and subtracting 1. For ages 12 and
older, the premium is defined to be 0. The hedonic regression gives an implied age 0 capitalization of 71.2%
with a 95% confidence interval of 33.2%-109.3%. The shaded area represents the 95% confidence interval
computed using the delta method. Source: Zillow ZTRAX data 1994-2020.
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Figure A.3. Propensity Score Matched Sample

Notes: The graph depicts the theoretical, baseline empirical, and propensity score matched model premiums
for an abated home through the period of tax benefits. Propensity scores are calculated using property type,
log sales price, and their interaction. Abated properties are matched at the property level to 20 unabated prop-
erties. The empirical premiums are derived by exponentiating the Ageα ∗Abat coefficients and subtracting
1. For ages 12 and older, the premium is defined to be 0. Regression with the propensity score matched
sample gives an implied age 0 capitalization of 127.7% with a 95% confidence interval of 83.9%-171.4%.
The shaded area represents the 95% confidence interval computed using the delta method. Source: Zillow
ZTRAX data 1994-2020.
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Figure A.4. Abated Properties Built 2000-2004

Notes: The graph depicts the theoretical, baseline empirical, and 2000-2004 subsample premiums for an
abated home through the period of tax benefits. Abated properties built in 2005 or later are excluded from the
2000-2004 subsample. The empirical premiums are derived by exponentiating the Ageα ∗Abat coefficients
and subtracting 1. For ages 12 and older, the premium is defined to be 0. Regression with the 2000-2004
subsample gives an implied age 0 capitalization of 103.8% with a 95% confidence interval of 74.1%-133.5%.
The shaded area represents the 95% confidence interval computed using the delta method. Source: Zillow
ZTRAX data 1994-2020.
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