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1 Introduction

Property taxes account for about one third of total capital tax revenues in the United States
and the European Union (Zucman, 2015). Despite over a century of economic research, our
understanding of the effects of property taxes is still in a “sad state” (Oates and Fischel, 2016,
p- 415). A major reason is that the institutional setting and data availability oftentimes make
identification challenging. This is particularly true in the context of the U.S. where long (and
wide) panels of local property tax rates are relatively scarce, assessments of property tax
values happen frequently and non-randomly and assessment practices differ markedly across
jurisdictions.

In this paper, we study the effects property taxes on local land, housing, and labor markets
using Germany as a laboratory. German municipalities may autonomously adjust local property
tax rates (Grundsteuer) via municipality-specific scaling factors to a federal tax rate. Important
for identification, this is the only channel through which municipalities can influence the tax
burden. All legal rules determining the tax base are set at the federal level, and property
values are assessed by the tax offices of the states and remain fixed over time. Each year,
more than ten percent of the 8,481 West German municipality change their local property
tax rate, resulting in a maximum of 31,862 tax reforms over 26 years that we can exploit for
identification.

Our paper consists of two parts. In the first, theoretical part, we analyze the incidence of
property taxation through the lens of a spatial equilibrium model with local labor markets
(Moretti, 2011). In our model, mobile individuals and mobile firms pay property taxes and
respond to local prices and amenities as assumed in Tiebout sorting models. At the same
time, workers have location-specific preferences and firms are differently productive across
places, limiting their regional mobility. We introduce a construction sector, which produces
residential and commercial floor space following Ahlfeldt et al. (2015) and endogenize the
supply of developed land. Importantly, we allow local governments to use tax revenues to
finance endogenous local public goods. We show that the property tax incidence can be
decomposed into a direct effect, conditional on public good provision, and an indirect effect,
which describes the capitalization of increases in local amenities due to the tax increase.! While
the direct effect is negative for housing and land prices, it is ambiguous for wages as property
taxes increase the price of floor space decreasing the marginal productivity of labor, but at the
same time local wages increase to compensate workers for increased costs of living. If property
tax rates are not too high, i.e., if local public goods are not over-provided, the indirect effect
alleviates the negative direct effect on net rents as individuals benefit from the increase in
public goods. In a last step, we show that the marginal welfare effects of property tax changes
are governed by the three price elasticities on the housing, land, and labor market as well as
the responsiveness of the local public good provision to changes in the tax rate.

In the second part of the paper, we test the theoretical predictions exploiting the quasi-

1 We use the term incidence in the strict sense describing the effect of taxes on prices. We use the term pass-through
as a synonym. We use our incidence estimates as sufficient statistics to simulate marginal welfare effects of the
tax, which measure the share of the welfare loss borne by the respective agents.



experimental setting of property taxation in Germany. We combine administrative data on
the universe of municipalities and their local property tax rates from 1992-2017 with various
commercial and administrative data sources on housing, land, and labor prices and quantities.2
We implement a series of event studies exploiting the within-municipality variation in tax rates
over time to estimate reduced form effects of property taxes on housing and land prices, the
housing stock, population levels, land use, and wages. Our empirical model enables us to
assess the dynamics of the treatment effect in the short and medium run (up to five periods
after the tax reform).  In addition, we can test the exogeneity of tax reforms by investigating
pre-trends. In the absence of a pre-trend, the identifying assumption is that there is no
systematic regional factor driving both municipal property tax rates and outcome variables.
We explicitly test this assumption by flexibly controlling for shocks at the commuting-zone
level and find that estimates are robust.

The empirical results confirm our theoretical priors. We show that real net rents decrease in
the short run — implying that part of the tax burden is on the landlord - but start to revert back
to the pre-reform level three years after a tax increase. This suggests that both the statutory and
the economic incidence of the tax are on the tenant in the long run. As predicted by the model,
both municipal population and the housing stock respond negatively to higher local property
taxes, reflecting the fact that higher costs of living make a city less attractive. The same pattern
holds for land sales and land prices. However, we do not find significant effects on local wages.
We also show that house prices, land prices, wages, population levels, the housing stock, and
land sales do not change systematically prior to a tax change, which suggests that reverse
causality is not an issue.

Linking the empirical results to the theoretical model, we calculate marginal welfare effects
of property tax increases borne by tenants, firm owners, and land owners, respectively. Our
simulation results show that workers bear one fifth and firm owners bear one third of the
welfare loss. The remaining half of the burden is borne by land owners, who thereby face the
largest loss in welfare. Importantly, the welfare implications hardly depend on whether or not
and to which degree property tax increases are mirrored by rising local public good levels.
These results also highlight the importance of going beyond the pure economic tax incidence

and studying the welfare implications of property tax increases.

Related Literature. Our paper speaks to three different strands of the literature. Looking
through the lens of a local labor market model, we provide a new perspective on the incidence
of property taxation. These models, which have become the “workhorse of the urban growth lit-
erature” (Glaeser, 2009, p. 25) extend the traditional Rosen-Roback model (Rosen, 1979, Roback,
1982) to account for location-specific preferences of workers and differential productivity of
firms, relaxing the perfect mobility assumption in traditional models (Moretti, 2011, Kline and
Moretti, 2014, Sudrez Serrato and Zidar, 2016). We further add to the literature by endogenizing
the supply of developed land, and incorporating a construction sector as in Ahlfeldt et al.

(2015). Moreover, we introduce endogenous amenities by allowing local governments to spend

2 We only observe house prices for 436 (mostly urban) municipalities, accounting for 40 % of the population.



the property tax revenue on local public goods. In this respect, our paper is related to the work
of Diamond (2016), who studied a different, non-fiscal type of endogenous local amenity due
to geographic skill sorting.

Our model encompasses elements of both the capital tax (or new) view and benefit view, which
have been the two standard frameworks to analyze the effects of property taxes. On the one
hand, the capital tax view adopts a general equilibrium perspective and argues that the national
average burden of the property tax is borne by capital owners, i.e., landlords (Mieszkowski,
1972, Mieszkowski and Zodrow, 1989). Only local deviations from the national average are
passed on to renters. On the other hand, the benefit view builds on a Tiebout (1956) model with
perfect zoning and mobile individuals, who choose among municipalities offering different
combinations of tax rates and local public goods (Hamilton, 1975, 1976). In the benefit view, the
tax is equivalent to a user fee for local public services, whereas the tax is progressive, falling
mainly on richer landlords in the capital tax view. Our framework allows for capitalization into
local prices while workers” utility might still differ across places in equilibrium, other than in
Brueckner (1981). While our model is close to a capital tax world with endogenous amenities,
we deviate from the assumption of a fixed capital stock in the economy. In contrast, we assume
global capital markets and perfect mobility of capital. As a consequence, higher property taxes
reduce the overall capital stock in the society, a channel that has been neglected in the previous
literature (Oates and Fischel, 2016). Our models implies a second type of capital, namely floor
space, which is consumed by workers and used as input in firms” production. The housing
stock is provided by a perfectly competitive construction sector (see Thorsnes, 1997, Epple et al.,
2010, Combes et al., 2016). As in classical property tax studies, our model predicts that land
owners will bear a substantial share of the tax burden via lower prices and reduced demand
for developed land.

Empirically, we provide clean evidence on the effects of the property tax on housing, land,
and labor market prices and quantities using administrative data from German municipalities.
In particular, we add to the existing empirical literature on the property tax incidence on rents,
which has predominantly focused on the US. Using Germany as a case study is particularly
interesting in this context, as it has one of the largest private rental markets among Western
countries. The previous literature has offered a wide range of estimates of the property tax
incidence on rents: Orr (1968, 1970, 1972), Heinberg and Oates (1970), Hyman and Pasour
(1973), Dusansky et al. (1981), and Carroll and Yinger (1994) estimate that between 0-115 percent
of the tax burden is shifted onto renters. Our results also show the dynamics of the property tax
incidence in the short and medium run, an important but often issue (England, 2016). We find
that property tax increases lead to lower house prices, which is evidence of capitalization into
house values (Palmon and Smith, 1998, de Bartolomé and Rosenthal, 1999). Our findings of a
negative effect on municipal population levels are in line with evidence provided by Ferreira
(2010) and Shan (2010), who show that property taxes affect mobility rates of the elderly. Last,
our study offers evidence that property tax increases reduce housing investment, a mechanism
that Lyytikédinen (2009) shows for the case of Finnish municipalities. In a similar vein, Lutz

(2015) finds that property taxes reduce building permits and capital investment in rural areas;



in contrast, property taxes are capitalized into land prices in urban areas.

Last, we contribute to the empirical literature by studying the value and (optimal) provision
of local public goods (Samuelson, 1954). In the United States, the most important local public
good financed through property taxes are expenditures on public schools and there is a large
literature studying the valuation of local school quality by residents (see, e.g., Bradbury et al.,
2001, Bayer et al., 2007, Cellini et al., 2010, Boustan, 2013). A recent paper by Schonholzer
and Zhang, 2017 shows that residents also value other types of local amenities, such as
expenditures on public security. While both schools and police are predominantly financed at
the state level in Germany, German municipalities do spend part of their tax revenues within
their local jurisdictions, improving the quality of streets, parks, or cultural amenities such
as theaters. What is more, cities finance local transportation agencies or garbage companies,
which are usually owned by the municipality. We provide new evidence on how changes in
property tax rates affect these kinds of local amenities and also test whether municipalities
extract part of the tax revenues as rents (Diamond, 2017). [TO COME: New data just arrived]

The remainder of this paper is organized as follows. In Section 2 we set up our theoretical
model. Section 3 presents the institutional framework of property taxation in Germany.
Section 4 provides information on the used data. We set up our empirical model in Section 5.
In Section 6, we present our reduced-form results. Section 7 discusses welfare effects of the tax,

Section 8 concludes.

2 Theoretical Model

We introduce local property taxation into a Rosen-Roback type general equilibrium model of
local labor markets (Moretti, 2011, Kline and Moretti, 2014, Suarez Serrato and Zidar, 2016). The
model consists of four groups of agents: workers, firms producing tradable goods, construction
companies producing floor space, and land owners. Workers and firms are mobile and locate
in one out of C cities, indexed by c.

First, we outline the model in Sections 2.1-2.5. Second, we solve for the spatial equilibrium
and use comparative statics to show how changes in the property tax rate affect the equilibrium
outcomes, i.e., population size, floor space, land use, rents, wages and land prices (see
Section 2.6). In Section 2.7, we derive the welfare effects of tax changes and show how
marginal welfare effects relate to the key elasticities of the model. Appendix B provides a more

comprehensive description of the model including all derivations.

2.1 Workers

There is a continuum of N = 1 workers indexed by i. Labor is homogeneous and each worker
provides inelastically one unit of labor, earns a wage w,, and pays rent r? for residential
floor space. In the theoretical model, we assume that there is only one homogeneous housing
good and do not differentiate between owner-occupied and rental housing. In equilibrium,

the implicit price of rental and owner occupied housing has to be the same (Poterba, 1984).3

3 Empirically, we will look separately at the effects of rents and house sales price.



Workers maximize utility over floor space consumption h;, a composite good bundle x; of
non-housing goods, whose aggregate price is normalized to one, and locations c. Workers are
mobile across municipalities, but individuals have idiosyncratic location preferences e;., so
that local labor supply is not necessarily infinitely elastic. In addition, there is an exogenous
city-specific consumption amenity A, related to climate and geography, for instance. Each
city c levies a municipal property tax denoted by t., with the statutory incidence on the user of
the housing service.* Local governments spend (part of) the tax revenue on (improvements) of
local public goods G..

Workers maximize utility U;. = AGS (h;"x}‘"‘) 0 eic, subject to the budget constraint rX(1 +
te)h; + px; = w., which yields indirect utility:

Vf =ap+ (1-9) (lnwc —alnrH —waln[l —|—tc]) +6InG; +1InA. +1ne;,.

/
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where « denotes the housing share in consumption, individuals have preferences 6 € (0,1) for
the public vs. private goods, and 4y is a constant. Indirect utility can be rewritten as sum of a
city-specific part VH and a worker-location-specific component ¢;.. In line with the literature
on local labor markets, we assume that the logarithm of e;. is independent and identically
extreme value type I distributed with scale parameter ¢/ > 0. Hence, the greater ¢!, the
stronger workers’ preference for given locations and the lower their mobility. The distributional
assumption regarding e;. gives rise to McFadden’s conditional logit model.

Given that the total number of workers is normalized to one and the number of cities C is

large, log labor supply in municipality c is given by:

1-6 a(l—26 a(l—46 6 1
lnNCSZO-I‘Ilan_(U'I‘I)lnr‘f{_(O-I—I)IHTC—{— ﬁlnGC+ 0’7H lnAC+a1 (1)
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where a1 is a constant and we redefine the property tax rate as 7. = 1 + t.. Equation (1) also

— 1=
=

Demand for residential housing in city ¢ is determined by the number of workers in city c

defines various key elasticities of our model, such as the labor supply elasticity eN®

and their individual housing demand:
InH. =InN,+Ina +Inw, —Inr —In7. ()

It follows that the intensive margin housing demand elasticity conditional on location choice is
equal to —1. In addition, there is an extensive margin with people leaving the city in response

to higher costs of living. The aggregate residential housing demand elasticity is given by:

dlnH. 0dInN, 1= _a(1=96) + " _ HD

olnrH ~ 9InrH — ~ cH <0.

4 For simplicity, we assume that property is taxed ad valorem. Our main theoretical prediction regarding the tax
incidence is however unchanged when modeling the property tax as a specific tax instead (see Appendix B.9).



2.2 Firms

There are F firms indexed by j that operate under monopolistic competition and produce a
tradable output good Y/, using labor Nj. and commercial floor space M;. Similar to the worker
problem there is an exogenous local production amenity B. and idiosyncratic firm-location-
specific productivity shifters wj.. The price of the output good is denoted by pj.. Following
Melitz (2003), we can use total product demand Q to write firms profits as:

_ 1-B\*
H]FC = Qlr (BcchN]-liMjc ﬁ) — weNje — r?ATCKM]-C

:ch

where B denotes the labor share in production, rM is the factor price of commercial floor

space, ¥ > 0 is a scale parameter that allows property taxes on commercial rents to differ from
1

—L.

Profit maximization yields optimal factor demands, N }2 *, M].EC) *, conditional on local produc-

tivity and factor prices. Using the profit function from above, the value of firm j in city c in

residential property taxes, and the constant product demand elasticity is given by e'P =

terms of factor costs and local productivity is then given by (Sudrez Serrato and Zidar, 2016):

1—
V]Ié = pplnH]-FC (NE*,M}-?*) =by+InB. — lnw, — (1 — ) InrM — (1 — B) In(7ex) + Inwj

—VF

where by is a constant. Assuming again that idiosyncratic productivity shifters In wj. are drawn

i.i.d. from an extreme value type I distribution with scale parameter of

, we can derive the
number of firms in city ¢, normalizing the total number of firms to F = 1. Using the number of
firms in a given city, which defines the extensive margin of labor demand, and optimal labor
demand conditional on location at the intensive margin (N ]12 *), aggregate labor demand in

city c is given by:

1 1 1
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where b; is a constant. The labor demand elasticity is defined as:

dln NP B Bp ND
dlnw, of e <0

1-p
N

Ext. margin - 1n¢ margin

Analogously, we can derive the demand for commercial floor space using the intensive



margin demand, M]-EC) *, and the location choice of firms:

1 1 1
intef = (57 + 725 ) me—p (G + 725 me = (141 [ 7 + 2]
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with constant b,. The commercial floor space demand elasticity is defined as:

dlnMP  1-p p(1—-B) _ mp
dlnrM —  oF —1- 1—p e <0

2.3 Construction Sector

We assume that a competitive, local construction sector provides both residential and com-
mercial floor space. For positive supply on the two markets, there must be a no-arbitrage
condition between both construction types. Following Ahlfeldt et al. (2015), we assume that
the residential share y of total floor space is determined by the price of residential housing, rH,

and commercial floor space, rM:
n=1, for rM < pri
we(01), forrt! = gr! 5)
u=0, for rM > ¢ri

with ¢ > 1 denoting additional regulatory costs of commercial land use compared to residen-
tial housing.” In equilibrium, the no-arbitrage condition fixes the ratio between residential
and commercial floor space prices and every municipality has positive supply of residential
housing H, and commercial floor space M.. We can rewrite the two types of floor space in

terms of total floor space, S, available in city c:
H. = uS. M, = (1—p)S.. (6)

We follow the standard approach in urban economics and assume that the housing construc-
tion sector relies on a Cobb-Douglas technology with constant returns to scale using land ready
for construction L. and capital K, to produce total floor space (see, e.g., Thorsnes, 1997, Epple
et al., 2010, Combes et al., 2016):

Sc =H.+M,= chchliiy (7)

with v being the output elasticity of land. We assume global capital markets with unlimited

supply at an exogenous rate s. Profits in the construction industry are given by ITS =

5 We abstract from heterogeneity in the residential land use share, 1, and the regulatory markup, ¢, for simplicity.
This assumption does not influence our results qualitative.



rMS, —I.L, — sK., where I denotes the price of land. Capital demand is then given by:
1 1. u 1
anczaln(l—'y)—i—;lnrc —|—lnLC—;1ns (8)

which can be used to solve for the price ratio of land to floor space in city c:

Inl, =cy— ’Ylns—f—,lylnréw 9)

with ¢ being a constant. Land prices increase in the commercial floor space rent rM (and
equivalently in residential rents r1).

2.4 Land Supply

While the total land area in each municipality is fixed and inelastic, the share of land ready for
residential or commercial construction may be elastic. We model land supply in city c as:

InL. =01Inl, (10)

with the supply elasticity of land ready for building defined as €5 = 6 > 0. We model the land
supply elasticity as constant across places for simplicity. In the empirical part of the paper we
test for heterogeneous effects by geographical supply determinants. In line with the literature,
we assume that landowners are absent (see, e.g., Kline and Moretti, 2014, Ahlfeldt et al., 2015,
Diamond, 2016).

2.5 Local Governments

Local governments use share i € (0,1) of the property tax revenue to finance the local public
good G.. All remaining revenues are distributed lump-sum to all workers in the economy

irrespective of location (share 1 — ). The government budget is defined as:

Ge =1 <Hcr§tC+Mcr£4 [{1+tC}K—l]), (11)

Total tax revenue

where total tax revenue is the sum of residential property taxes, Hcrf tc, and property taxes on
rented commercial floor space, M.rM. Increases in city ¢’s property tax rate ¢, yield higher tax

revenues, leading to a mechanical increase in local spending on the public good.

2.6 Equilibrium and Comparative Statics

The spatial equilibrium is described by equations (1) through (11). It is determined by equal-
izing supply and demand on the markets for labor, residential housing, commercial floor
space, and land in each city, accounting for the government budget constraint. The solution
to this system of equations yields equilibrium quantities in terms of population, residential
housing, commercial floor space, use of capital, and developed land as well as equilibrium



prices for labor, residential housing, commercial floor space, and land, which are derived in
Appendix B.6.

In the following, we show how equilibrium outcomes respond to changes in property taxes.
The comparative statics of our model yield theoretical predictions on the impact of property
taxes on equilibrium quantities and prices that eventually govern the welfare effects (see
Section 2.7). We estimate and test quantity and price responses against the theoretical priors
using the institutional setting in Germany in Section 6. Proposition 1 summarizes the price

effects of property tax increases in our model.

Proposition 1 (Price Effects). Let ri™*, ¥M*, I*, and w?, respectively, denote the equilibrium net
rent for residential housing, the net rent for commercial floor space, the land price, and the wage level
in municipality c, each as a function of the local property tax rate 1. and equilibrium public good

provision G} (T.). An increase in city c¢’s tax rate triggers two effects on equilibrium prices:

(i) A direct, negative effect on residential and commercial rents as well as the land price, and a direct

effect on the local wage level that is theoretically ambiguous and may be positive or negative.

(ii) An indirect effect operating through the capitalization of public goods, which moderates the
negative effect on housing and land prices as long as tax increases raise the public good supply.

dInrH* (te, G¥[te]) dlnrH*  9Inrl* 9InG* B dInrM* (1, G} 7])

dIn T, ~ dlnt, + 0InG* dlnt, dlnT, (122)
N— N —
<0 >0
dinl} (1, Gl[t]) dInlf dInlf dInG} (12b)
dint, - dlnt, oInG¥ dInt,
Se—— N
<0 >0
dInw} (1., G} [7]) :alnwg*_'_ahnwgk alnGC*‘ (120)
dIn T, dlnt,  JdInG} dInt.
N’ N’
=0 <0
>
Proof. See Section B.7 in the Appendix. O

The direct effect decreases equilibrium rental prices for residential and commercial floor
space and thereby compensates for rising taxes. The equilibrium price of land, being the
inelastic input factor in the floor space production, also decreases in response to tax increases
while holding public goods constant. As shown in the Appendix, the model intuitively fixes the

ratio of these direct marginal effects to be equal to the land share in the floor space production,
alnrf*/ olnl}

Jlnt. Jln T,

= 7. The direct effect on rents closely mirrors the tax incidence in a standard
partial equilibrium model.

Corollary 1. The direct rent response to property tax increases in the spatial equilibrium is determined
by the effective housing supply and demand elasticities, which account also for equilibrium responses on
the land and the labor market as well as the market for commercial floor space:

dlnrH* etb

oln T, ~ gHS _gHD <0 (13)
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where €15 and NP denote the effective housing supply and demand elasticities, respectively.
Proof. See Lemma B.2 in Appendix B.7. ]

The more elastic the effective housing supply, the lower the tax burden for the supply side,
i.e., landlords and constructors. The more elastic effective housing demand, the larger the
compensating effects on net rents and wages, and the lower the tax burden on renters.

The direct effect on wages is ambiguous. On the one hand, higher property tax payments
raise the factor price of commercial floor space and reduce firms’ floor space demand, which
decreases the marginal product of labor. On the other hand, property taxes increase worker’s
costs of living, which — given worker mobility — induces a demand for higher wages as a
compensating differential. Hence, the sign of the direct wage effect is determined by the relative
sizes of the commercial and residential floor space demand. The direct effect of property taxes
on the local real wage, defined as the wage over costs of living in city ¢, is unambiguously
negative as shown in Lemma B.4 in the Appendix.

The total effects on equilibrium prices differs from the direct effects because tax increases
raise additional revenues that the local government (partly) spends for additional supply of
local public goods. Public goods are one of the determinants of workers’ location choice and
thus labor supply and residential housing demand. If higher taxes increase the local level of
public goods, which is the case if initial tax rates are not too high, there is an indirect effect
that alleviates the direct, compensating effect on rents, land price, and wages if the direct wage
effect is positive. The magnitudes and the signs of the total effects depend on the relative
importance of direct and indirect effects.

Quantity effects of property tax increases follow immediately from the model outline above.

Lemma 1 (Quantity Effects). Let H} and M} denote the residential housing stock and the commercial
floor space in equilibrium, respectively, let L} be the equilibrium land area used for development and
let N} be the equilibrium population level in municipality c, each as a function of the property tax rate T,
and equilibrium public good provision G} (t.). An increase in city c’s property tax rate t. triggers (i) a

direct, negative, and (ii) an indirect, potentially moderating effect on equilibrium quantities:

dinH} (7., G}[t]) oInH} 0InH} 0InG; dInM; (7., G}[t])

dlnt, = JIntw | 9InG: olnt. dlnt, (142)
R/—/ H/—/
<0 >0
dInL} (7., G¥[t]) :alnLé‘_i_&)lanF dIn G} (14b)
dInT, iln’cc/ olnG} dInt,
0%
dIn N} (1, G} [7]) :alnNg‘+alnNg‘ 8lnG;". (140)
dIn T, olnt,  JdInG} dlnt,
H/_/ H,—/
<0 >0
Proof. See Section B.7 in the Appendix. O

Again, looking first at the direct effects, the model predicts the quantities on the floor
space, land, and labor market to decrease in response to an increase in the property tax given

11



the real-wage loss in city c. Workers will thus leave the city, employment levels are lower,
construction and land use decrease.

The magnitude and the sign of the total effects of tax increases on equilibrium quantities
again depend on the relative importance of the direct vs. the indirect effect, that operates
through increases in local public good supply and moderates the direct effects as long as

property tax increases lead to higher spending on local public goods.

2.7 Welfare Effects

In this section, we derive the marginal welfare effects of property tax changes for the different
agents in the model. We present the results for representative agents in city ¢, implicitly
assuming that the distribution of agents across municipalities is homogeneous (Sudrez Serrato
and Zidar, 2016). Proposition 2 summarizes the welfare effects based on price responses.

Proposition 2 (Welfare Effects). Let WH, WF, WC, and W' denote the welfare of workers, firm
owners, constructors, and land owners in the spatial equilibrium, respectively. A marginal increase in
city c’s property tax rate t. leads to welfare changes that are determined by:

(i) the elasticities of equilibrium rents, land prices, and wages with respect to the property tax rate,
(ii) the responsiveness of the local public good provision in equilibrium with respect to the tax,

(iii) three exogenous model parameters, namely the housing share in consumption, a, the labor share in
the tradable good production, B, and the preferences for local public goods, &

H Hx * *
aw= ([1—5] [zx—i—zxdlnrc dlnwc] 5dlnGc> (150)

dInt, dint, dint.| = dnt
ddlzlv; T (“ —Al+[1-fl ddhllnr ?: TP izllizf ) (15)
;lvr\{ ; =0 (15¢)
L *
ddlivrc B 312 lr (15d)
Proof. See Section B.8 in the Appendix. O

The analysis shows that workers” marginal welfare loss from tax hikes decreases in the
preference for the local public good, J. Hence, the stronger the preferences for public goods
and the stronger the transmission of taxes into public good spending, the smaller the welfare
loss as workers are compensated for rising costs of living.

Proposition 2 implies that the rent, land price, wage, and public good elasticities with respect
to the property tax are sufficient to infer the welfare effects of the tax in a local labor market
model — given the housing share in consumption, the labor share in production, and the
preferences for public goods, which can be calibrated according to official statistics. In the
following sections, we estimate the behavioral responses to changes in property taxes using
the German institutional framework. In Section 7, we use the behavioral elasticities and the

respective welfare formulas to assess the marginal welfare effects of the property tax.
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3 Institutional Background

We test the theoretical predictions of our model using administrative data from German
municipalities. In this section, we provide a short overview on the institutional setting of
property taxation in Germany (see Spahn, 2004, for more details).

Property taxes are one of the oldest forms of taxation that is still used today. The current
German property tax regulations are based on a law from 1936.% Besides local business taxes
and municipal shares on federal income and sales taxes, the property tax is one of the three
most important income sources for the German municipalities. Property taxes account for
around 15 percent of municipal revenues, amounting to a total of 12 billion EUR for all
municipalities in 2013. All legal regulations of the German property tax, i.e., the definition of
the tax base, as well as legal norms regarding the property assessment, are set at the federal
level and have rarely been changed over the past decades.

The property tax liability is calculated according to the following formula, that we discuss in

more detail below:

Tax Liability = Assessed Value x Federal Tax Rate x Municipal Scaling Factors . (16)

Local Property Tax Rate

Assessed Values. The house value (Einheitswert) is assessed by the tax offices of the federal
state (not by the municipality) when the property is built and, importantly, remains fixed over
time. There is no regular reassessment of properties to adjust the assessed value to the market
value of the property or to inflation rates. Even when being sold, the assessed value does
not change. Reassessments only occur if the owner creates a new building or substantially
improves an existing structure on her land.” The last general assessment of property values in
West Germany took place in 1964. In order to make the assessment comparable for buildings
that have been constructed after that date, property values of new structures are evaluated
based on market rents as of 1964 using historical rent indices. So even new buildings are
assessed as if they had been built several decades ago. As a consequence, assessed values differ
substantially from current market values. Assessment notices do not provide any details on
how specific parts of the building contribute to the assessed value. This practice makes the
assessment barely transparent for house owners, landowners and renters. The average assessed
value for West German homes was 48,900 EUR in 2013, roughly a fifth of the reported current

market value (according to the German Income and Expenditure Survey, EVS).

Federal Tax Rates. The federal tax rate (Grundsteuermesszahl) is set at 0.35 percent for all
property types in West Germany with two exceptions (see Figure 1). First, consider a single-

6 The law distinguishes between taxes on agricultural land (Grundsteuer A) and taxes on residential and commercial
land as well as improvements (Grundsteuer B). We focus solely on the latter one in this paper as only this type of
the tax is relevant for residential housing markets and commercial floor space.

7 The improvement has to concern the “hardware” of the property, such as adding a floor to the building.
Maintaining the roof or installing a new kitchen does not yield reassessments. Lock-in effects or assessment
limits are thus not an issue in the German context other than in some US states (see, e.g., Ferreira, 2010, Bradley,
2017).
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family house in West Germany. The first 38,347 EUR are taxed at 0.26 percent while every
Euro above that threshold is taxed at the standard marginal tax rate of 0.35 percent. Second,
two-family houses are taxed at 0.31 percent. All other property types are taxed at 0.35 percent.
The federal tax schedule is thus progressive for single-family houses and otherwise flat. Once
the property type has been determined by the state tax offices, land and structures are taxed at

the same rate.® The average federal property tax rate in our sample is 0.32 percent.

Figure 1: Federal Tax Rates in West Germany (in Percent)

0.35 0.35 0.35 0.35 0.35
0.31
0.26

0.3 0.4
Il Il

0.2
Il

Federal Tax Rate (in Percent)

0.1

o

e Single- Two-Family Multi-Family  Residential Commercial Other
Family Houses Houses Apartments  Floor Space Property
Houses

I sStandard TaxRate [ | Marginal Tax Rate Above 38,347 EUR

Notes: This graph shows the federal tax rates for different property types in West
Germany. Federal tax rates are flat except for single-family houses, which are taxed
at 0.26 percent up to an assessed value of 38,347 EUR and with a marginal tax
rate of 0.35 percent above that threshold. All tax rates are in percent. The average
federal tax rate in our sample is 0.32 percent. Source: § 15 Grundsteuergesetz.

Municipal Scaling Factors. While the assessment of property values is done on the state level
and federal tax rates are set at the federal level, the municipal councils decide yearly on the
local scaling factor (Hebesatz). The decision is usually made in the last months of the preceding
year, and most tax changes become effective on January 1st.

For a given housing stock and thus a fixed federal rate, local property tax rates only vary
due to changes in local scaling factors. Figure 2 demonstrates the substantial cross-sectional
and time variation in tax rates induced by changes in scaling factors. The left panel of the
figure shows the local tax rates for all West German municipalities in 2017, assuming a federal
tax rate of 0.32 percent. Local property tax rates vary between 0.73 and 1.71 percent (bottom
and top one percent). Annual mean and median tax rates increased steadily from around 0.86
in 1992 to 1.17 percent in 2017. The average tax per square meter was 0.20 EUR for rental
apartments, which corresponds to 3.29 percent on top of the average net rent in our sample.’

8 As tax rates for developed properties and undeveloped land are also similar, the German system is thus
essentially a one-rate property tax (see the discussion in Plassmann and Tideman, 2000, and Lyytikdinen, 2009,
for the differences between one-rate and multi-rate tax systems and their effect on housing construction).

9 The average tax burden for rental apartments in West Germany is published annually by the German Tenants’
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Figure 2: Variation in Local Property Tax Rates in West Germany
A. Local Property Tax Rates in 2013 (in Percent) =~ B. Number of Property Tax Changes 1992-2017
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Notes: The left panel of this figure shows the local property tax rates in 2013 for all West German
municipalities, assuming a federal tax rate of 0.32 percent. The right panel depicts the number of
local property tax changes by municipality in the period 1992-2017. Jurisdictional boundaries are as
of December 31, 2010. White lines indicate federal state borders. Source: Federal Statistical Office and
Statistical Offices of the federal states. Maps: © GeoBasis-DE / BKG 2015.

The right panel of Figure 2 demonstrates the number of municipal scaling factor changes in
the period from 1992 to 2017. Over this period, more than ninety percent of all municipalities
changed their local tax rate at least once, while less than six percent of municipalities still have
the same multiplier as in the beginning of the 1990s. On average, municipalities changed the
factor four times during this period, i.e., every six years. Many municipalities experienced even
more changes. One percent of municipalities changed their property tax multiplier more than

ten times since 1992. Almost 97 percent of all tax changes during this period are tax increases.

Statutory Incidence. Property owners are liable for the tax payment irrespective of whether
the property is owner-occupied, for rent or vacant. However, for rental housing, property
taxes are part of the ancillary costs that renters have to pay on top of net rents to their
landlords according to the legal regulations on operating costs (Betriebskostenverordnung). In
this regulation, landlords are directed to include the tax payments in the ancillary bill the
renters receives each year and it is a common practice to do so. As a consequence, the statutory

incidence is on the user of the housing service for both owner-occupied and rental housing.

Association (Deutscher Mieterbund) based on a survey on operating costs (Betriebskostenspiegel).
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Commercial Property Taxes. For German firms property tax liabilities are of second order.
Municipalities tax revenues from local business taxes were 43 billion EUR as of 2013, tax
revenues from property taxes amounted to 12 billion EUR. From these 12 billion EUR, the
largest share came from residential buildings. A conservative estimate is that two thirds of a
municipalities total area are for residential, one third for commercial use. Commercial property

taxes thus make up less than ten percent of firms’ total tax bill on average.

4 Data and Descriptive Statistics

This sections gives an overview on the data used for our empirical analysis. We combine
administrative data on the fiscal and economic situation of German municipalities with housing
market information, and administrative wage data from social security registers (Section 4.1).
In Section 4.2 we define our baseline data set used in the empirical analysis. Appendix A

provides more details on the definition and the sources of all variables.

4.1 Variables and Data Sources

German Municipality Data. We collected a comprehensive data set for all West German
municipalities from the Federal Statistical Office and the Statistical Offices of the Lander,
including data on the economic, fiscal and budgetary situation, most importantly local scaling
factors, as well as population figures and information on the housing stock, land prices, land
use, and local GDP. In addition we collect unemployment data from the Federal Employment
Agency. The Federal Institute for Research on Building, Urban Affairs and Spatial Development
provides us with definitions of commuting zones that are defined according to commuting
flows (Arbeitsmarktregionen). Using these sources we construct a balanced panel for the universe
of all 8,481 West German municipalities ranging from 1992 to 201 7.10 Table A.1 in the Appendix
provides details on the definition and data sources of all variables as well as the years for
which data is available, Appendix Table A.2 shows descriptive statistics.

Housing Price Data. We combine the municipality panel with housing market data provided
by the German real estate association IVD (Immobilienverband Deutschland). This data set
delivers eight distinct rent indices for standardized rental apartments with 70 square meter and
three bedrooms, and seven house price indices for single-family buildings. These indices differ
by construction year and apartment quality and thus allow us to study heterogeneous effects
of property taxes. It is important to note, that this data only includes quoted net prices and
quoted net rents (Nettokaltmiete) and does not contain information on operating costs, taxes, or
actual transaction prices. Thus, we do not observe gross prices including property taxes.

We validate the house price and rent data against several other data sources: (i) official
household survey data from the German micro census, which includes information on rents at

the county level every four years, covering 89 large municipalities; (ii) housing market indicators

10 We complement this panel with earlier data from the Statistical Offices of the federal states of Bavaria (since 1970),
Lower Saxony (since 1981), and Northrhine-Westfalia (since 1977), three of the largest states in Germany.
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provided by Empirica, an independent economic consultancy specialized in the real-estate
sector, covering the same large municipalities over the period 2004-2013; (iii) data provided
by Bulwiengesa, a different real-estate consultancy, whose data set includes 102 municipalities.
Figure A.1 in the Appendix compares the different measures and shows that data quality of
our IVD data set seems reasonable. In addition, Appendix Figure A.2 plots average reported

rents in 2010 for all West German counties and the regional coverage of the IVD data.

Wage Data. We additionally use linked employer-employee data from the Institute for
Employment Research (LIAB) to study the effect of property taxes on wages at the municipal
level. The LIAB data is based on a one percent stratified random sample of all German
establishments, covering about 15,000 plants. The firm data are linked to social security records,
matching all employees working in these plants. Overall, the LIAB data covers between 1.6
and 2.0 million workers per year, which corresponds to about 6 percent of all German workers
(see Alda et al., 2005, Fuest et al., 2018, for more information on the dataset). We link the
municipal tax information to the LIAB via the plant location, and calculate the mean wage for

all municipality-year cells. 1!

4.2 Sample Definition

While our municipality data set contains the universe of all West German municipalities, the
housing data covers only 436 municipalities (five percent of all West German municipalities).
Panel A of Figure A.3 in the Appendix shows that the housing data set accounts for roughly
forty percent of the West German population. Panel B differentiates the sample by city size.
The housing data set includes all large cities above 100,000 inhabitants and a substantial part
of the medium-sized cities with a population above 20,000. Appendix Figure A.4 shows the
size distribution of municipalities in the baseline sample and municipalities in the full sample.
Despite the difference in population, both samples are rather comparable when looking at the
number and the size of property tax changes, i.e., the source of identifying variation in our
empirical analysis, as can be seen in Appendix Figure A.5.

In the empirical analysis below, we use the housing data sample as the baseline sample,
also for results on other outcomes, in order to have a consistent sample definition.!? Yet, if
data is available we additionally present estimates on the full sample of all West German
municipalities.

We exclude East German municipalities from our analysis for two reasons. First, and
foremost, East German housing markets don’t seem ideal testing grounds for our theoretical
predictions given the tremendous population loss and the large inflow of public and private
capital after reunification. In fact, East German municipalities on average lost more than
15 percent of their population since the fall of the Berlin Wall in 1989. As a consequence,
housing markets in many East Germany regions have been subject to substantial excess supply

11 About 10 percent of the wages in the LIAB are right censored at the social security contribution ceiling. We get
similar results when using the median municipal wage, which should be hardly affected by wage censoring.

12 Note that for some outcomes we have to restrict the estimation sample even further to only 89 city counties
(kreisfreie Stidte) if data is solely available at the county level.
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during the past decades. Second, there were substantial mergers of East German municipalities
after reunification, which complicates any longitudinal study at the municipal level. About
60 percent of the East German municipalities experienced at least one merger since 1990. Given
that our data are based on municipal boundaries as of December 31, 2010, we cannot assign
the correct tax rates.!

5 Empirical Model

We make use of an event study design to investigate the effects of property tax changes. As
identified by our theoretical model, we are interested in the effects of property taxes on the
following outcome variables: net rents, house prices, number of houses, number of apartments,
wages, population, land sales, and land prices. Denoting an outcome in municipality c in year ¢
as Y.+, our regression model reads as follows:

6
Inye = Y BkDE, + pe+ Tot + . (17)
k=—4

We regress logged outcomes on a set of event study indicators ch{,t with the event window
running from four years prior to a tax reform (k = —4) to six years after the event (k = 6).

We estimate two different variants, which differ in the way we define event indicators ch<,t-
First, we implement the most intuitive and basic model, where ch‘,t is simply a dummy variable
indicating a tax increase k years ago.14 Second, we follow Simon (2016) and Fuest et al. (2018) in
estimating a specification where the event indicator D](f,t switches on only for large tax increases,
i.e., increases being equal or greater than the median of the tax increase distribution. The
reason is that tax reforms might only have real effects if tax changes are sizable for example
due to adjustment costs.

Our baseline specification of the event study includes four leads and six lags, k = —4,...,6,
which enables us to investigate the dynamics of the relation between property taxes and
outcomes on the housing, land, and labor market, where (quantity) responses might take
some time (England, 2016).1> In both models, end points D, ! and D¢, of the event study are
adjusted to account for the fact that our panel is unbalanced in event time due to staggered tax
reforms across municipalities (McCrary, 2007).1® This adjustment makes the set of 4 + 6 + 1

13 A possible solution would be to use a (weighted) average of the municipalities which merged, but this would
introduce considerable measurement error and several artificial tax changes. Moreover, using these municipalities
in our analysis would require the strong assumption that the decision to merge is unrelated to the fiscal and
economic situation in a municipality.

14 Almost 97 percent of the property tax reforms between 1992-2017 are tax increases. Estimates are not sensitive
to whether we keep municipalities with tax decreases in the control group or exclude them from the sample.

15 Clearly, the choice of the event window is determined by data availability over time. The chosen baseline is a
compromise between the length of the event window and statistical power. We experimented with other event
window definitions, finding very similar results.

16 Hence, the coefficient B_4 captures the effect of all tax changes occurring four or more years before the current
reform. Likewise, the coefficient B¢ measures the effect of all tax changes that happened six or more years after a
reform. Since endpoints are estimated on unbalanced data, we follow standard practice and do not plot them in
the event study graphs (Smith et al., 2017, Fuest et al., 2018).
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event indicators D’C"t perfectly collinear and we thus normalize coefficients to the pre-reform
year by omitting the respective event indicator D, ! from the regression, i.e.,, _1 = 0.

To control for time-invariant factors, we include municipality fixed effects yc.17 The vector {. ¢
controls for local shocks by including state x year fixed effects and linear county trends.
Moreover, and importantly, we include event study coefficients indicating whether the local
business tax, the other tax instrument at the disposal of municipalities, changed.!® The error
term is denoted by e.;. We allow for clustering of standard errors at the municipal level
to account for correlation in unobservable components over time and between the different
building and construction types.!?

Identification of the By coefficients comes from changes within a municipality relative to the
pre-reform year and relative to the regional trend. The identifying assumption is that there are
no other factors that simultaneously affect property taxes and the outcome variables. Using an
event study design allows to directly test for reverse causality problems. In order to obtain
causal estimates, we need pre-trends to be flat and insignificantly different from zero. While
municipality fixed effects control for time-invariant confounders, our estimator will be biased
if local shocks affect both municipal fiscal policies and housing as well as labor markets.

We test for confounding factors in two ways. First, we assess the sensitivity of our estimates
with respect to the inclusion of a very rich set of time-varying control variables. In our baseline,
we include state x year fixed effects and linear county trends. As a robustness check, we
estimate one less demanding specification, dropping the linear county trends, and one more
demanding one, including commuting zone x year fixed effects. Estimates prove to be robust
(see Appendix C.1). Second, we directly test whether tax reforms are driven by the local
business cycle by using municipal unemployment and GDP per capita at the county level as

outcomes variables in the event study regression in equation (17).

6 Reduced Form Results

In this section, we present reduced-form results for the effects of property tax changes on prices
and quantities on the housing, land, and labor market. First, we test the theoretical predictions
derived from our spatial equilibrium model in Section 2. Second, we investigate heterogeneous
effects with respect to city size, population density, the availability of developable land, and
the housing quality to check whether the mechanisms implied by the theory are supported by
the data.

17 Our data contains several indices for each municipality differing by construction type and building quality. We
include all indices and account for type-quality-specific municipality fixed effects in rent and price regressions.

18 As it turns out, controlling for changes in the local business tax, does not affect our results on the housing
or land market. But intuitively, and in line with the results in Fuest et al. (2018), we find differences in wage
responses. Ignoring changes in business taxes would lead to more negative wage effects.

19 The results are not sensitive to whether we cluster at the municipal level or the level of commuting zones.
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6.1 Main Results

We report event study results for various outcomes on the housing, land, and labor market.
For each outcome, we plot two event study specifications: the classic design where event study
dummies indicate tax increases, and an alternative specification where event dummies are
equal to one for large tax increases only. For both models, estimated treatment effects of (large)
tax increases are rescaled such that plotted coefficients can be interpreted as average elasticities.
Various sensitivity checks with respect to the length of the event window, and the way we
account for local shocks are presented and discussed in Appendix C.1.

Housing Market. We start by analyzing the housing market effects, Figure 3 summarizes the
results. Panel A reports the event study results using log quoted net rents as an outcome.
While pre-reform trends are flat as required by our identifying assumption, we find that net
rents for new contracts are about 0.1 percent lower in the three years after the reform for a tax
increase of one percent. This short to medium-run effect is statistically different from zero at
the 90 percent level. However, after three years, the negative effect on rents starts to revert
slowly towards zero. This implies that in the medium run, more and more of the incidence
is borne by the new renter. A likely explanation of this adjustment path lies in the supply of
rental dwellings, which is inelastic in the short run but becomes more elastic over time.

Next, we look at the effects of property tax increases on net house prices, which are plotted in
Panel B of Figure 3. We detect a gradual decrease in house prices after a property tax increase.
The implied elasticity five years after the tax increase is about -0.2. Hence, and in line with the
literature, we find clear evidence of property tax capitalization into house values. While buyers
have to bear the full tax burden in the short run, they are able to shift part of the future tax
liability onto the seller of the house, which is reflected in lower transaction prices.

Panels C and D show the quantity effects of rising property taxes on the housing market.
While we find a gradually negative effect on the stock of apartments and residential buildings in
a municipality, magnitudes are small and results are not statistically significant at conventional
levels. The lower magnitudes of the quantity responses are intuitive as the housing stock
cannot adjust as quickly as prices. This is also predicted by the theoretical model, where
the tax elasticity of floor space equals the tax elasticity of rents multiplied by the effective
housing supply elasticity. Because of this sluggish construction response, it is difficult to
identify quantity effects that are statistically significantly different from zero. A potential
way to overcome this problem is to increase the number of observations. As mentioned in
Section 4.2, our baseline sample is restricted to municipalities for which we have housing price
data. Yet for some variables, we have data from the universe of West German municipalities.
While effects might be different across samples due to heterogeneous treatment effects, we
can increase statistical power by testing quantity responses in the full sample. For this reason,
we plot two additional sets of event studies estimates for the full municipality sample in
Panels C and D. We find that the effect on the number of residential houses is very similar
across samples, but highly significant in the full sample with an elasticity of around -0.03 six

years after a tax increase (Panel D). Moreover, we find an effect of similar magnitude on the
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Figure 3: The Effects of Property Taxes on the Housing Market
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Notes: This figure shows the effects of property taxes on the housing market using the event study set-up
from equation (17). The event is defined as an increase in the local property tax rate (all increases), or as
an increase that is greater than or equal to the median of the tax change distribution (big increases). The
base sample includes all municipalities from our housing data set (see Section 4.2 for details), the full sample
includes all municipalities for which we have data on the respective outcome. Standard errors are clustered
at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the Appendix for
details on all variables.

number of apartments in the full sample, while effects in the base sample, which covers larger,
more urban areas, is closer to zero (Panel C). These findings are in line with evidence from
Lutz (2015) who reports capitalization effects in more urban areas, while property taxes reduce
residential construction in rural communities. The results again highlight the importance of
treatment effect dynamics as the quantity effects take time to evolve, which is again in line

with the idea that housing supply is rather inelastic in the short run.
Land Market. Next we turn to the land market. Figure 4 summarizes the results. Panel A

shows that the land price strongly decreases in response to a tax increase and only gradually
starts to recover five years after the tax reform. This is in line with the theoretical prediction
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from our spatial equilibrium model. Notably, the magnitude of the effect is larger compared
to the effects on rents, which suggests that the land supply is relatively inelastic in German
municipalities (cf. Section 2.6). As above, effects on the quantity of residential land use are
not conclusive within the house price sample and we cannot reject the null hypotheses of no
effect. However, we find negative and statistically significant effects on the land area used for
residential housing in the full sample of municipalities: five years after a tax change, the land
use is reduced by 0.07 percent for a one percent tax increase (see Panel B of Figure 4).

Figure 4: The Effects of Property Taxes on the Land Market
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Notes: This figure shows the effects of property taxes on the land market using the event study set-up from
equation (17). The event is defined as an increase in the local property tax rate (all increases), or as an increase
that is greater than or equal to the median of the tax change distribution (big increases). The base sample
includes all municipalities from our housing data set (see Section 4.2 for details), the full sample includes
all municipalities for which we have data on the respective outcome. Standard errors are clustered at the
municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the Appendix for details
on all variables.

Labor Market. Last, we turn to local labor market outcomes. Panel A of Figure 5 shows that
wages are largely unaffected by tax increase. In light of our theoretical predictions derived
from the spatial equilibrium model this implies that the rent elasticities of commercial and
residential floor space are roughly of similar size. As for the housing stock, we see a gradual
decline of around 0.02-0.03 percent in municipal population in response to a one percent tax
increase (see Panel B). Effects are again similar in magnitude for the baseline and the full
sample, but we again lack statistical power in the house price sample. Panels C and D show
a insignificant but visible decline of roughly equal size in local employment and the number
of plants in a municipality when we focus on large tax increases, which is in line with the

mechanisms predicted by the theoretical model.
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Figure 5: The Effects of Property Taxes on the Labor Market
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Notes: This figure shows the effects of property taxes on the labor market using the event study set-up from
equation (17). The event is defined as an increase in the local property tax rate (all increases), or as an increase
that is greater than or equal to the median of the tax change distribution (big increases). The base sample
includes all municipalities from our housing data set (see Section 4.2 for details), the full sample includes all
municipalities for which we have data on the respective outcome. Panels C and D are based on a subsample
of large municipalities (“urban counties”) as data on employment and plants are only observed at the county
level. Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals.
See Table A.1 in the Appendix for details on all variables.

Sensitivity Checks. We conduct a wide range of of robustness checks. First we can directly
test the identifying assumption that tax reforms are not driven by local business cycles by
putting log GDP and log unemployment on the left-hand side of our estimation equation (17).
As shown in Appendix Figure C.1, pre-trends are very flat for GDP, while we detect a small
pre-trend for local unemployment. In terms of post-treatment effects, the figure suggests no
effect in local GDP due to the property tax increase. Local unemployment is increasing after tax
reforms, in particular in the baseline house price sample. While most effects are not statistically
significant, the results suggest that an increase in local property taxes tends to hurt the overall

local economy.
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Moreover, and in a similar vain, we test the sensitivity of our estimates with respect to
confounders. In our baseline specification we include state times year fixed effects and
linear county trends. This rich set of non-parametric controls is likely to account for various
potentially confounding shocks at the local level. As a sensitivity check, we estimate one
more parsimonious specification including only state times year fixed effects but excluding
county trends, and one even richer specification, where we control for commuting-zone times
year fixed effects. There are 204 commuting zones which delineate local labor markets based
on commuting flows. Including commuting zone times year fixed effects thus absorbs any
common shocks within labor market regions.?’ Figures C.2-C.4 in Appendix C.1 show the
results. If anything, pre-trends become flatter in the more involved baseline specification. In
terms of post-treatment effect, the general pattern is confirmed for most outcomes.

6.2 Heterogeneous Effects

We can further test the underlying mechanisms of the theoretical model by estimating hetero-
geneous effects for certain municipality types. For instance, the theoretical model assumes
that the negative effect of property taxes on rents is higher, the less elastic the supply of rental
housing. While the adjustment pattern shown Panel A of Figure 3 has provided a first indica-
tion for this mechanism with net rents decreasing in the short run, but reverting to pre-reform
levels in the longer run. We can exploit cross-sectional differences in the housing supply
elasticity by differentiating between municipalities with below and above 50,000 inhabitants.
With strong urbanization trends and growing cities, housing and land supply in cities is rather
inelastic. Hence, we would expect to see stronger price reactions in larger municipalities.
This is confirmed by Figure 6, which shows that rents, house prices and land prices decrease
more strongly in larger cities. Conversely, Figure C.10 in Appendix C.2 demonstrates stronger
quantity responses in smaller, more rural municipalities.?! In light of the theoretical predictions,
these results suggest that housing and land supply are indeed more elastic in rural areas than
in cities.

A different way to investigate heterogeneous effects is to distinguish municipalities by the
share of undevelopable land (Hilber and Vermeulen, 2016). Following the rationale of Saiz
(2010), municipalities with a high share of undevelopable land are assumed to have less elastic
land and housing supply and should see stronger price effects. Figure C.13 in the Appendix
confirms this prediction — at least for house and land prices. While the municipalities with a
more elastic housing supply hardly face any price changes, they experience stronger quantity
responses instead (see Appendix Figure C.14).

20 The rich specification is only meaningful for outcomes measures at the municipal level. We are forced to focus
on a subset of 88 municipalities (city counties) for the few outcomes that we observe at the county level only, i.e.,
land prices, employment, number of plants. There are 88 municipalities and 73 commuting zones in this sample,
which makes commuting zone x year fixed effects highly collinear with the identifying variation, which is at the
municipality-year level.

21 We find similar results when interacting tax hikes with population density indicators (see Figures C.11 and C.12
in Appendix C.2). The heterogeneous responses by city size or density already became apparent when looking at
the main results in Section 6.1, where quantity responses become stronger and more significant when switching
from the mostly urban baseline to the full sample, which also includes smaller and more rural municipalities.
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Figure 6: The Effects of Property Taxes on Prices by City Size
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Notes: This figure shows the effects of property taxes on prices by city size using the event study set-up from
equation (17). The event is defined as an increase in the local property tax rate (all increases). Standard errors
are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the
Appendix for details on all variables.

Last, we check for differential responses by construction quality, Figure 7 shows the results.
We find that net rents in apartments of the lowest quality revert back more quickly to the
pre-reform level than net rents of higher quality housing (see Panel A). This implies that the
pass-through of the tax burden on renters in lower quality housing is higher and faster ceteris
paribus. Looking at sales prices of houses, Panel B suggests that the tax shifting from buyers
to sellers is slightly lower for high quality housing, yet estimates are not statistically different

from each other.

7 Combining Theory and Empirics

In the following section, we combine the reduced form estimates presented in Section 6.1 with
the theoretical model set up in Section 2. First, we calculate marginal welfare effects of property
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Figure 7: The Effects of Property Taxes on Prices by House Quality

A. Log Net Rents B. Log House Price
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Notes: This figure shows the effects of property taxes on prices by house quality using the event study set-up
from equation (17). The event is defined as an increase in the local property tax rate (all increases). Standard
errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in
the Appendix for details on all variables.

tax increases using the reduced form results and the welfare formulas from Section 2.7. Second,
we assess the role of endogenous amenities in shaping the welfare effects of the property tax

by running counterfactual simulations.

7.1 Welfare Effects of Property Tax Increases

Ignoring public goods, Proposition 2 shows that the marginal welfare effects of property tax
increases are governed by four key elasticities and three additional model parameters, which
we calibrate using estimates from the literature and external data sources. In Table 1, we
summarize the key medium-run elasticities after five years for both the house price sample
and the full sample.?? All elasticities are negative and have the predicted sign. As already
discussed above, price effects are larger in magnitude than quantity effects.

Calibrating the housing share in consumption & and the labor share in production B, we
can derive the welfare losses of property tax increases for workers, firm owners, and land
owners, calculated as respective shares of the marginal welfare effects over the total welfare

loss. Figure 8 visualizes the results for different assumptions on the calibrated parameters a

22 The presented elasticities are the coefficients of the conventional event study design using all tax increases after
five years. As noted above, we scale the coefficients such that they represent elasticities, i.e., they measure the
effect of the outcome in percent in response to a one percent increase in the local property tax rate. For the
simulation, we are interested in the medium to long-run effect of property taxes. The traditional difference-
in-difference estimate would provide us with average treatment effect relative to the pre-treatment period.
As shown above, most of the effects materialize gradually rather than sharply after treatment, which would
mean that the DiD estimate is lower than the medium-term effect. We nevertheless present DiD estimates in
Appendix Table C.1 and confirm this pattern empirically. The event study results provides unbiased estimates
for medium-run effects in case of flat pre-trends, which is the case for our outcomes.
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Table 1: Reduced Form Elasticities

Base Sample Full Sample
Outcome Elasticity S.E. Obs.  Elasticity S.E. Obs.
Log Net Rent -0.096 (0.079) 37,672 -0.096  (0.079) 37,672
Log House Price -0.201  (0.072)*** 33,767 -0.201  (0.072)*** 33,767
Log Apartments -0.009  (0.020) 2,780 -0.026  (0.009)*** 93,212
Log Houses -0.024  (0.023) 2,780 -0.031  (0.011)*** 93,212
Log Land Price -0.999 (0.687) 1,205 -0.512  (0.524) 6,987
Log Land -0.004 (0.076) 1,712 -0.072  (0.030)** 50,843
Log Wage -0.029  (0.092) 973 0.014 (0.108) 8,067
Log Population -0.029  (0.022) 5,050 -0.025  (0.010)** 189,535

Notes: This table summarizes the reduced-form results for the key medium-run elasticities of our
model for both the house price sample and the full sample. For detailed information on all variables,
see Appendix Table A.1.

and B (see Table C.2 in Appendix C.3 for the corresponding numbers). For our preferred
baseline values of the housing and labor share, x = 0.3 and B = 0.55, we find that workers bear
22 percent of the welfare loss of property tax increases, firm owners bear 35 percent, and land

owners 43 percent.

Figure 8: Welfare Effects Without Endogenous Local Public Goods
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Notes: This figure presents welfare effects arising in a model where property tax revenues are not spent on local
amenities. The marginal welfare effects are shown for different values of the housing share in consumption («)
in Panel A (assuming parameter 8 = 0.55), and the labor share in the production of the tradable good () in
Panel B (assuming « = 0.3). Marginal welfare effects are based on Proposition 2 in Section 2.6 and the following
three reduced-form elasticities: d In 1’51* /dInt, = —0.096, dInl} /dInt, = —0.512, and dInw} /dIn T, = 0.014
(see full sample results in Table 1). The dashed vertical lines mark the baseline specification with parameters
calibrated at « = 0.3 and = 0.55.

7.2 The Relevance of Local Public Goods

Next, we assess the empirical relevance of endogenous local public goods. Public goods affect
marginal welfare effects in two ways: (i) through the valuation of public relative to private
goods, and (ii) via the transmission of property tax increases into additional public good
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spending. While we do not know the average individual valuation of the public goods, J,
we can calibrate the parameter to the average share of local public expenditures relative
to local GDP (Fajgelbaum et al., 2016, Michaillat and Saez, 2017), which yields an average
of 6 = 0.06. The importance of local public goods for marginal welfare effects also depends
on how responsive public good spending is to changes in property taxation. As explained in
Section 2.6, the direct, negative effects of tax increases on equilibrium prices are alleviated if
the tax revenue is spent on local public goods valued by the population (see Proposition 1).
[Disclaimer: We just obtained detailed administrative data on municipal expenditure
types and should be able to show the effects of tax increases on different type of local

expenditures. Hence, we could directly estimates ‘filf;ﬁg (for different types of G) and would

not need to simulate it as done below]

Figure 9: Welfare Effects With Endogenous Local Public Goods
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Notes: This figure presents welfare effects arising in a model where property tax revenues are partly spent on
local amenities. The marginal welfare effects are shown for different assumptions on the valuation of the local
public good (9) in Panel A (assuming parameters dIn G /d In 7. = 0.15), and the local public goods elasticity
with respect to tax changes (dIn G} /dIn 7;) in Panel B (assuming 6 = 0.06). Marginal welfare effects are based
on Proposition 2 in Section 2.7 and the following three reduced-form elasticities: dIn rfl */dInt, = —0.096,
dinl}/dInt. = —0.512, dInw} /dInt, = 0.014, and parameters « = 0.3 and B = 0.55. The dashed vertical
lines mark the baseline specification with parameters calibrated at 6 = 0.06 and dIn G} /dInt, = 0.15.

Using the reduced form price elasticities and the calibrated parameters «, §, and 6, we
dInG;}

T’ i.e., different

can simulate marginal welfare effects over a range of potential elasticities
assumptions on the transmission of property tax increase in government spending. Figure 9
shows the welfare losses for workers, firm owners, and land owners. Panel A shows the
simulated welfare effects for different assumptions on the valuation of public goods 4. Panel B
illustrates the marginal welfare impact of property tax increases for different values of the
public goods elasticity. Accounting for endogenous local public goods changes the results from
Section 7.1 only marginally. Even large public good elasticities with respect to tax increases
hardly lower the welfare loss for tenants within a reasonable range of assumptions for the
valuation of public goods. When considering that taxes are used to finance local public goods,
tenants bear around 20 percent of the welfare loss of higher taxes, firm owners bear roughly 36,
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and land owners 44 percent.

8 Conclusion

We propose a new theoretical angle to study the incidence and the welfare implications of
property taxation by introducing property taxes into a local labor market in the spirit of Moretti
(2011). Our spatial equilibrium models encompasses elements of both the capital and the
benefit view of property taxation. It also nests simple partial-equilibrium analyses of the
housing market. We show that rising local property taxes should lead to a decrease in housing
and land prices, a decrease in the housing stock and the use of developed land, and a decrease
in municipal population levels. Based on the price effects of property tax increases, the model
also allows us to quantify marginal welfare effects.

In the second part of the paper, we empirically test the theoretical predictions of the model
using rich administrative panel data and the institutional setting of German municipalities. An
event study research design enables us to study treatment effect dynamics and to test for reverse
causality in a straightforward manner. We confirm our theoretical predictions. In particular,
we show that house prices, the housing and apartment stock as well as population levels
decrease if property taxes increase in a municipality. We find no evidence of compensating
wage increases following a tax hike.

The results for the net housing prices (rents and house price) inform about the incidence of
the property tax. While we detect a short-run decrease of net rents following a tax increase, net
rents start to revert back to the pre-reform level three years after the tax reform. This implies
that in the medium-run the economic incidence of the property tax is largely on renters. House
prices show a negative response, which is still visible after five years. Hence, house buyers are
able to shift part of their future property tax burden on the sellers (which are either previous
owners or construction companies for newly built houses). Using the reduced-form results we
also quantify the welfare implications of property tax increases for the different agents in our
model. Our simulations show that workers and tenants bear roughly 20 percent of the welfare
loss, firm owners bear 36 percent, and land owners bear the largest share with 44 percent of
the welfare loss. Importantly, the simulated welfare effects change only little when accounting
for the fact that property taxes may be used to finance public goods and local public good

provision may thus be endogenous.
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A Data Appendix

Table A.1: Definition of Variables and Data Sources

Variable

Years

Source

Property Tax Rates

Net Rents

House Prices

Housing Stock

Wages

Population

Employment

Plants

1970-2017

1972-2013

1972-2013

2001-2015

1999-2008

1996-2009
(counties)

1970-2017

1996-2009
(counties)

1999-2012
(counties)

The local property tax rate is calculated as the product of local property tax
multipliers and an average federal tax rate of 0.32 percent. Data on property
tax multipliers is provided by the Federal Statistical Office and the Statistical
Offices of the federal states. Data for the period 1998-2017 are published by the
Statistical Offices (Hebesiitze der Realsteuern), data prior to 1998 were provided
by the Statistical Offices of the federal states and are partly available online.
Data on quoted net rents are provided as indices for different market segments
in the IVD-Wohn-Preisspiegel by the German real estate association IVD (Im-
mobilienverband Deutschland). We validate these indices against county-level
data from empirica Preisdatenbank for 20042013, bulwiengesa AG (RIWIS) for
1990-2013, and the German micro census provided by the RDC of the Federal
Statistical Office and Statistical Offices of the Lander (1998, 2002, 2004, 2010,
2014).

Data on quoted house prices are provided by the German real estate association
IVD in the IVD-Wohn-Preisspiegel in addition to data on net rents.

Data on the number of apartments (Wohnungen in Wohn- und Nichtwohngebiuden)
and the number of residential buildings (Wohngebiude) in a municipality are
provided by the Federal Statistical Office and the Statistical Offices of the federal
states. Data for the years 2001-2007 stem from the database Statistik lokal, data
for later years are published online in the database Regionalstatistik.

Data on wages as of June 30 are available in the linked employer-employee data
of the Institute for Employment Research (LIAB, see Alda et al., 2005). The data
set is based on a 1% stratified random sample of all German establishments
and contains information on all employees working in these plants. Sampling
is based on the location of the establishment not the residence of the worker.
Social security data covers more than 80 percent of the work force in Germany
but excludes civil servants and self-employed individuals.

Data on yearly wages in German counties are provided by the Working Group
Regional Accounts (Volkswirtschaftliche Gesamtrechnung der Linder, Revision 2005).
We restrict the sample to city counties (kreisfreie Stidte) and discard rural
counties that contain more than one municipality to avoid measurement error.
Data on municipal population are provided by the Federal Statistical Office
and the Statistical Offices of the federal states combined with local property tax
multipliers.

Data on the average number of employed individuals in a county come from the
official employment statistics of the Federal Statistical Office and the Statistical
Offices of the federal states. We restrict the sample to city counties (kreisfreie
Stidte) and discard rural counties that contain more than one municipality to
avoid measurement error.

Yearly data on the number of establishments in a county come from the Federal
Employment Agency (Bundesagentur fiir Arbeit). We restrict the sample to city
counties (kreisfreie Stiidte) and discard rural counties that contain more than one
municipality to avoid measurement error.

continued
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Table A.1 continued

Variable Years Source

Land Prices 19952013 Data on land transaction prices are provided online in the database Region-
(counties)  alstatistik for all German counties by the Federal Statistical Office and the
Statistical Offices of the federal states. We restrict the sample to city coun-
ties (kreisfreie Stidte) and discard rural counties that contain more than one
municipality to avoid measurement error.

Land Use 2008-2015  Data on land use in German municipalities is provided online in the database
Regionalstatistik by the Federal Statistical Office and the Statistical Offices of the
federal states. We use the area covered by buildings and the surrounding land
assigned to residential or commercial use (Gebdude- und Freifliche, measured in
hectare) as our indicator of land used for construction.

Spending/Revenues 19982008 Data on municipal revenues and municipal spending are provided by the
Federal Statistical Office and the Statistical Offices of the federal states. Data
for the years 2001-2008 stem from the database Statistik lokal, data prior to 2001
come from the Statistical Offices of the federal states.

Local GDP 1992-2009 Data on the gross domestic product in a German county is provided by the

(counties)  Working Group Regional Accounts (Volkswirtschaftliche Gesamtrechnung der Lin-
der, Revision 2005). We restrict the sample to city counties (kreisfreie Stidte)
and discard rural counties that contain more than one municipality to avoid
measurement error.

Unemployment 1998-2013  The number of unemployed individuals in a municipality is published by
the Federal Employment Agency (Bundesagentur fiir Arbeit, Arbeitslose nach
Gemeinden).

Notes: This table summarizes the definition of variables used in our empirical analysis and provides details on the data sources.
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Table A.2: Descriptive Statistics

Mean SD P25 P50 P75 Min Max N
Panel A - Price Data Sample
Local Property Tax Rate 1.20 0.22 1.04 1.18 133  0.26 2.49 5,593
Number of Tax Changes 1992-2017 5.88 249 4.00 6.00 8.00 0.00 15.00 5,593
Change in Property Tax Rate 0.02 0.06 0.00 0.00 0.00 -0.51 0.94 5,531
Log Population 11.06 1.17 1034 1098 11.74 6.25 1441 5,593
Log Houses 9.34 093 8.85 9.36 9.85 654 1240 2,840
Log Apartments 10.18 1.12 947 10.12 1087 720 13.72 2,840
Log Wage 3.11 0.08 3.05 3.10 3.14 293 348 840
Log Land Price 511 0.70 4.65 5.15 5.60 153 7.29 1,296
Log Land Sales 3.62 1.19 2.89 3.74 443  0.00 6.93 1,391
Log District Plants 8.36 0.80 7.75 8.26 884 6.85 10.85 1,054
Log Employment 990 1.28 9.16 9.88 10.71 525 13.66 3,969
Log Net Rent 1.73 0.31 1.53 1.74 194 057 377 41,779
Log House Price 1231 050 1199 1229 1261 459 14.36 37,072
Log Flat Price 7.30 045 7.02 7.35 760  4.61 9.39 27,858
Panel B - Full Sample

Local Property Tax Rate 098 019 08 09 1.08 0.00 3.06 277,182
Number of Tax Changes 1992-2017 5.03 255 3.00 5.00 6.00 0.00 19.00 277,182
Change in Property Tax Rate 001 0.05 000 000 0.00 -3.06 204 268,769
Log Population 7.64 140 6.75 7.60 8.60 110 1440 277,182
Log Houses 632 1.32 5.45 6.31 727 0.00 1137 90,383
Log Apartments 6.70 143 5.72 6.66 773 0.00 12.64 90,383

Notes: This table presents descriptive statistics on the variables used.

Appendix Table A.1.

Figure A.1: Alternative Rent and House Price Measures

A. Alternative Rent Indices

For detailed information on all variables, see

B. Alternative House Price Indices
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Notes: Panel A shows binned scatter plots for alternative rent price indices relative to our baseline IVD data.
Panel B plots binned scatter plots for an alternative house price index, empirica prices are measured per square
meter, IVD prices refer to total prices. Rents and prices measured in EUR. Sources: IVD-Wohn-Preisspiegel
1970-2013; empirica Preisdatenbank; bulwiengesa AG, RIWIS; RDC of the Federal Statistical Office and
Statistical Offices of the Lander, Microcensus, 1998-2010, own calculations.
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Figure A.2: Rents and Housing Price Data in West Germany
A. Average County-Level Rents in 2010 (in EUR) B. Regional Spread of Price Data Sample
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[0.00,4.83]

Notes: The left panel of this figure shows average residential rents in 2010 at the county level (measured
in 2010 EUR). The right panel shows the geographical distribution of the base sample for which we have
house price data. Jurisdictional boundaries are as of December 31, 2010. White lines indicate federal state
borders. Sources: RDC of the Federal Statistical Office and Statistical Offices of the Lander, Microcensus,
2010, own calculations; IVD-Wohn-Preisspiegel 1970-2013. Maps: © GeoBasis-DE / BKG 2015.

37



Figure A.3: Share of Population and Municipalities in Price Data Sample (in Percent)
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Notes: Panel A plots the share of the West German population that is included in our price data IVD estimation
sample over time. Panel B shows the share of West German municipalities that is included in the price data
estimation sample over time and by municipality size.

Figure A.4: Number of Municipalities by Size
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Notes: This figure plots the size distribution of all municipalities in West Germany
in light grey and the size distribution of municipalities in our price data estimation
sample in dark grey. Size is measured as log population in 2013. Vertical lines
indicate the population thresholds of 20,000 and 100,000 inhabitants. For details
on all variables see Appendix Table A.1.
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Figure A.5: Number and Size of Tax Changes

A. Number of Tax Changes B. Size of Relative Tax Changes
R - 2
Decreases | Increases
g
8
o 2
o ©
£ £ 4
8 i
o %
g a
= 3g |
0 g
@
<
n
o O
T T T T T T T T T
0 5 10 15 -10 0 10 20 30 40
Number of Tax Changes 1992-2017 Relative Tax Change (in Percent)
—&— Price Data Sample All Municipalities ———— Price Data Sample All Municipalities

Notes: Panel A plots the distribution of the number of tax changes in the period 1992-2017 for all West
German municipalities and for the municipalities in our price data sample. Panel B shows the kernel density
estimate of the size distribution of relative tax changes for both groups of municipalities (excluding zeros and
truncated at the bottom and top one percent). For details on all variables see Appendix Table A.1.
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B Appendix: Theoretical Model

In this appendix, we provide an extended and more detailed description of our spatial
equilibrium model outlined in Section 2 of the paper. Most importantly, it includes all
derivations and intermediate steps needed to solve the model and analyze the equilibrium
properties. The appendix is self-contained and consequently reiterates and replicates parts of
Section 2 of the paper.

We introduce local property taxation into a Rosen-Roback type general equilibrium model of
local labor markets (Moretti, 2011). There are N = 1 workers that locate in one out of C cities.
The model consists of four groups of agents: workers, firms, construction companies and land
owners. We solve for the spatial equilibrium and use comparative statics to show how changes
in the property tax rate affect the equilibrium outcomes, i.e., population size, floor space, land
use, rents, wages and land prices.

B.1 Workers

We assume that labor is homogeneous and each worker, i, provides inelastically one unit
of labor. Each worker earns a wage w. and pays rent rX for residential floor space.?> Each
municipality ¢ has a specific unproductive consumption amenity A. that is exogenously given.
In addition, there are endogenous local public goods G, provided by the local government.
Workers maximize utility over floor space h;, a composite good bundle x; of non-housing
goods and locations c. We normalize the aggregate price of the composite good bundle to one.
Workers are mobile across municipalities, but mobility is imperfect due to individual location
preferences, so that local labor supply is not necessarily infinitely elastic. In addition to the net
house price, there is a property tax in each city, denoted by t., with the statutory incidence
on the user of the housing service.?* We assume that households have preferences for public
goods measured by J € (0,1).
The household’s maximization problem in a given municipality c is given by:

[ wl—a 1=4 H
max U;. = A.G? (hi X; ) Cic s.t. v (14 te)hy + px; = we (B.1)

irXi

with the bundle x; of non-housing goods Z and the normalized aggregate price index p defined
as in Melitz (2003):

; Rt
= [ e p=| [pTaz] = ©2)
(SV4 €z

and hj, x;,, Ac, G, v, we, te, piz,eic > 0 and &, p € (0,1). The parameter p relates to the elasticity
of substitution between any two composite goods, which is given by ﬁ (Dixit and Stiglitz,

23 We assume that there is only one homogeneous housing good and do not differentiate between owner-occupied
and rental housing in our model (Poterba, 1984).

24 For simplicity, we assume that property is taxed ad valorem. Our main theoretical prediction regarding the tax
incidence is however unchanged when modeling the property tax as a specific tax instead (see Appendix B.9).
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1977). The Lagrangian reads:

maxL =InA,+0InG.+a(1—0)hi+ (1 —a)(1 —95)Inx; +Ine;

hirxi

+A (wc — rH[1 + t]h; — xi)

and first-order conditions of the household problem are given by:

g}i = "‘“hi O a1 1t) Lo
%_ (1_“)(1_5) —)\LO

8xi Xi

oL

ﬁ:wc_rcH(l‘Ftc)hi—xi;O

Now we can solve by substitution. The optimal floor space consumption is then given by:

a(l—19)
hi

= ArH(1+¢)

(1 —zxzfl —5)r£{(
1
4 Xi
S l—arH(1+t)
w we—rI(1+t)h;
1—a  rH(1+t)

o we
S l—a \rH(1+t)

w
W =a——
P HT 1)

1+t)

and we can solve for the optimal consumption level of the composite good bundle:

Xj = We — r?(l + to)h;
H We
we —re (14 C)“rgl(lﬂc)

x; = (1—a)w,

(B.4)

(B.5)

where « is the share of the household’s budget spent for housing. Household i’s demand
1

of good variety z is then given by x}, = (1 — Dc)wcp;ﬂ

quantities, log indirect utility is defined as:

VH = InU(h!, x}, Ac, G, eic)

1

=a(1-6)Inhif+(1—a)(1—90)Inx +InA.+InG, + Ine;,

— (1 — _ W
=a(l—9)In (“r?(l 1)
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. Using the optimal consumption

) +(1-a)(1-0)In([1 —a]w:) +InAc+InG. + Ine;,



=(1-9¢)(alna+[1—a]ln[l —a])+InA.+InG. + Ine;

=ay
+ (1= (alnw, —alnrf —an[1 +t]+ (1 —a)lnw,)
VHE =ap4+ (1 —08)(Inw, —alnr —aIn[1+t]) +In A +6In G, +1Ine.

—VH

We defined a constant term a9 = (1 — ) (aIna + [1 — a] In[1 — a]) that is the same for all workers
in the economy to simplify the notation. The individual (indirect) utility is a combination of this
constant ag, a common term V! identical to all workers in the municipality and the idiosyncratic
location preferences e;.. As in Kline and Moretti (2014), we assume that the logarithm of e,
is independent and identically extreme value type I distributed with scale parameter o! > 0.
The corresponding cumulative distribution function is F(z) = exp (— exp[—z/c"]). Due to
these city preferences, workers are not fully mobile between cities and real wages rf(zfijrtc)
do not fully compensate for different amenity levels A, across municipalities (other than in
Brueckner, 1981). The greater o, the stronger workers’ preference for given locations and the
lower workers” mobility. There is a city-worker match that creates a positive rent for the worker

and decreases mobility. A worker i will prefer municipality a4 over municipality b if and only if:

Vi = v
VaH +In €in > VbH +1In eip

VaH — VbH > In eip — In €ig.

Given the distribution of Ine;, it follows that the difference in preferences between two

H je., Iney —Ine, ~

municipalities follows a logistic distribution with scale parameter ¢
logistic(0, o). The probability that worker i locates in municipality ¢ when choosing between C

cities is then:

exp (V11 /o)
£ exp (/o)

Ne=Pr (Vi 2 VILVj #¢) =
This expression is equivalent to the share of workers locating in municipality ¢ given that
we normalize the total number of workers N to one. Note that the term ay cancels out as
it is constant across municipalities. Taking logs we arrive at the (log) labor supply curve in

municipality c:

VH

InNg = Z& —In (Cr')
o S—

=m
1-9¢ a(l—19 a(l—29 1 o
~—— ——— ——— —~—
— NS —1+4¢HD —1+¢HD —eA
where we define all terms constant across municipalities as a1 = —In (Cntf) with 7f =
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%2}?:1 exp (V{1/oH) being the average utility across all municipalities and we rewrite the
property tax rate as 7. = 1 + t.. Note that C is given and for large C, a change in V¥ does not
affect the average utility 7. The labor supply elasticity is given by:

dInNS  1-6
olnw,  oH

=M >0, (B.7)

Floor Space Demand. Demand for residential housing in city ¢ is determined by the number

of workers in city ¢ and their individual housing demand as indicated by equation (B.4):

We
H. = N.h* = %
c NC 1 Ncarg_l(l—f—tc)
In H, zlnNC+ln(x+lnwc—1nr£{—lnTc. (B.8)

It follows that the intensive margin housing demand elasticity conditional on location choice is
equal to —1. In addition, there is an extensive margin with people leaving the city in response

to higher costs of living. The aggregate residential housing demand elasticity is given by:

OlnH, _olnNe ., a(l-8)+c" _ up

alnsl _olnsH oA <0

B.2 Firms

Firms j =1, ..., ] are monopolistically competitive and produce tradable consumption goods.
Each firm produces a different variety Yj. using labor Nj. and commercial floor space M;e.
Firms have different productivity across places, due to exogenous local production amenities
measured by B. and idiosyncratic productivity shifters wj.. Firm j’s profits in city ¢ are then
given by:

ch = chch - ch]‘c — 7’?4(1 + tc)KMjc (B.9)
_ Bafl—P

Yf - BcijNjchc

with Yjc, Njc, Mjc, pje, e, réVI > 0. w, and rﬁVI denote the factor prices of labor and commercial

floor space, respectively. The scale parameter ¥ > 0 allows property taxes on commercial rents

to differ from residential property taxes. Following Melitz (2003), we substitute the final good

price pjc by the inverse of product j’s aggregate demand function:

1
pic\

with price index p = 1 as normalized above and Q > 0 as total product demand in the economy.
The parameter p relates to the elasticity of substitution between any two varieties. We define the

exponent —ﬁ as the constant product demand elasticity e’® < —1. We can rewrite firm j’s
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profits as:

I = QU Py, 0 Vi — we N — (1 + t)xMy.
\_\,_/
:p]C

Using the production function for Yj. we can rewrite this expression as:

_ 1—8\P
1), = Q' (BewojeNEM, P)" = weNje — r (1 + £ )My, (B.10)

:ch

with B, wjc > 0and B € (0,1).

Profit maximizing behavior leads to the following first-order conditions for labor and floor

space:
oI1E
je _ 1—ppe, 0 \jPB—1 4 0(1—B) L
ONj. PBQ P Bewi N M, —we=0
aHfPC 1—pge, 0 NEBAP(=F)-1 _ M !
aM,. =p(1—=B)Q PBew N M — 1o (1+t)x =0.

Again, we shorten notation by using 7. = (1 + ). Taking logs of the second condition we
can derive the floor space demand of firms conditional on labor input, factor prices and local
productivity:
In (r%rgc) =Inp+In(1-B)+ (1—-p)InQ+pInB. + pInwjc + pBIn N
— (1 =p[1 = B]) In Mjc
In Mj, = (1np +1In[1 - B] + [1 — p]InQ + pIn B + pInwj. + ppIn N
—InrM - ln[TCK]>/(1 —o[1— 5]). (B.11)

We can derive log labor demand from the first first-order condition using the conditional factor
demand for commercial floor space from equation (B.11):

Inw. = Inp+1Inf+ (1 —p)InQ+pInB. +plnw; — (1—pp) In Nj. + p(1 — B) In M,
InN, = <lnp—|—ln,8+ [1—p]InQ+pIn B, + plnwj. + p(1 — ) In M, —lnwc)/<1 ~0B)
- <lnp—|—ln,8+ [1—p]InQ+pInB, + plnw,
+p[1-f] [1np+1n{1 — B} +{1—p}InQ+pInB. +plnwj + ppIn Nj,
nrM 1n{rc;<}} / [1 —p{1- /3}} - lnwc)/<1 —p,B)
InNj, = <lnp—|— [1—p+pBllnpg+p[l—pBln[l—p]+[1—p]InQ+plnB,

—[1—p+pp]Inwe — p[l — B]InM — p[1 — B] In[tex] +plnch)/<1 - p) (B.12)
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Using equation (B.11) from above and firm j’s labor demand in city ¢ we can also solve for the

commercial floor space demand of firm j:
In M}, = (lnp+pﬁlnﬁ+ [1—pB]In[1— B+ [1—p]InQ + pIn B, — pflnw.
—[1—pBlInr™ — 1 — pB]In[r.x] + plnw]-C)/(l - p) (B.13)

Equations (B.12) and (B.13) define the factor input demand conditional on local productivity
and factor prices. We can now substitute the factor demand in the firm profit equation (B.10)
and rewrite profits as a function of factor prices:

_ —B\P
11, = Q'* (Bewie NEM; )" — weNje — iz,

=Y,
e o _pp _e0h) _p(1-p) o pB p(1-p)
I (NG, M7 = B P Pwe ortt 7 (o)™ T Qpie e (1— ) 10 (1—p)

The term 1 — p > 0 at the end of the expression indicates that profits are a markup over
costs. As defined before, this term is equivalent to the inverse of the absolute product demand
elasticity, ie, 1 —p = -1/ €PP. The more elastic product demand (e'P ), the lower the markup
and the lower firms’ profits in the tradable good sector. Following Sudrez Serrato and Zidar
(2016) we define the value of firm j in city c in terms of factor costs and local productivity:

jer

1—
VJE = pplnl—I]EC(Nf‘ M;j.) = bo+InB. — BInw, — (1 — B) InrM — (1 — B) In(7.x) +Inwj,

—VF

with constant by = 1% InQ+Inp+pInp+(1—-p)In(1—-B) + 1%‘0 In(1—p). We assume
that idiosyncratic productivity shifters Inwj, are i.i.d. and follow an extreme value type I
distribution with scale parameter of. As before in the context of household location choice,
we normalize the total number of firms to F = 1. Using the log-profit equation and the

distributional assumption on In wj. we denote the share of firms locating in city ¢ by:

exp (VE /o)

. (B.14)
Zgzl exp <VgF/(TF)

Fo=Pr (V> Vi, vk #c) =

The number of firms in city ¢ from equation (B.14) (extensive margin) and the firm-specific
labor demand from equation (B.12) (intensive margin) define the aggregate log labor demand

in city c:

InNP = InF, + Eq, [InNj]

1 B 1-p. m 1-P F
:FlnBc—Flnwc— 5 Inr"* — 5 ln(TCK)—h‘I(CTL')

GG SO e 3 PO € ) BN VR L )

T—p c o A =)o In(t.x)
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1 1— 1-—
+_plnp+p+pﬁlnﬁ+p(ﬁ)ln(1—,3)+an+ i By, [Inw;]

1—p 1—p ﬂ
p_(1__p _ 1. 0 gy (Lo_F M
In N _(0F+1_p InB.— (1+8 UP+1_p Inw. —(1-p) UP+1_p In7e
—
_oB —eND =1+eMD
1, p
—(1-B) <0_F + - p) In(t.x) + by (B.15)

=1+4¢eMP

as a function of local productivity B., wages w, and the (gross) factor price costs of commercial
floor space rM1.x with constant term by = <lnp +[1—p+pBlInB+p[1—B]In[1 — B] +
PEw, [In wjc| ) / (1 — p) +InQ — InC — In 7tf, where we define the average firm value across

locations defined as 7t = Yo 1exp (VF/oT). The labor demand elasticity is defined as:

D
InNe B B _aw_ (B.16)

Inw, of 1—p
-’
Ext. margin Int. margin

Labor demand increases in local productivity B, (i.e., €® > 0) and decreases in the (gross) factor
price of commercial floor space defined by rMz.x (i.e., 1+ eMP < 0).

Floor Space Demand. Analogous to labor demand, we can also derive firms” demand for
commercial floor space using the intensive margin commercial floor space demand from

equation (B.13) and the location choice of firms from equation (B.14):

InMP = In F + Eq, |In M|

1 1-— 1-—
:FlnBc—glnwc— UF’Blnrf/I— UF’Bln(TCK)—In (CTCF>

+LlnBC— ﬂlnwc— ﬂlnrM — ﬂln(rcx)
P T-p P P

1-— 1-— ¢ 1-—
+1lnp+p_13ph’1‘3+ 1 Pﬁ ln(l ‘B)—f-h’lQ—f-l%Ew]C [lnw]c}

1 1 1
pD_ (1, P gl Lt P _ Y D M
InM; = (UP+1—p>lnBc ﬁ(ap—l—l_p)lnwc <1+[1 Bl [UF+1_p]>lnrc

—eB —1+¢ND —eMD

1 P
—eMD

with constant b, = (lnp +pBn B+ [1 - pp]In[1 — ] + pEy, [Inwjc] )/(1 — p) +InQ —
InC — In 7tf. The commercial floor space demand elasticity is defined as:
alnM?__l—ﬁ 1_P(1—,5) MD

dlnrM —  oF 1—p e <0
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B.3 Construction Sector

We assume that a competitive, local construction sector provides both types of housing,
residential and commercial floor space. Every municipality has positive supply of residential
housing H. and commercial floor space M,. Following Ahlfeldt et al. (2015), we define the two
types of floor space in terms of total floor space S. available in city c:

H, = uS. M. = (1-pn)S; (B.18)

with residential share p € [0,1]. This share is exogeneously given, and determined by the
additional regulatory costs of commercial land, denoted ¢ > 1. In equlibrium there must be a
no-arbitrage condition between residential and commericial floor space:

™M = prH (B.19)

In line with Ahlfeldt et al. (2015), we assume that the observed floor price in the data is the
maximum of residential and commercial rents, 7M. This implies that (i) observed residential
rents are higher due existing regulatory costs, and (ii) both types of floor space are offered,
O<pu<l

The construction sector relies on a Cobb-Douglas technology with constant returns to scale
using land ready for construction L. and capital K. to produce total floor space S, = H; + M,
(Epple et al., 2010). In contrast to the capital tax literature, we assume global capital markets
with unlimited supply at an exogenous rate (Oates and Fischel, 2016). Consequently, the price
for capital s is given and constant across municipalities. Profits in the construction industry are
given by:

1€ = MLYKET — 1L, — sK, (B.20)
‘\g_/

with inputs and factor prices L, K, I,s > 0 and the output elasticity of land defined as y €
(0,1). Profit maximizing behavior yields the following first-order conditions:

MIg w5 L
oL, = 1, L—C—lC—O
arTC

S |
=(1-—y)rM= _—s=0.
aKC ( r),)rc KC s

Treating the supply of capital K, as infinitely elastic and the price of capital s as exogenous, we
can solve for land prices I, as a function of the floor space price M. Taking logs of the second
first-order condition we can derive the capital demand of the construction industry conditional
on factor prices and land input:

Ins =In(1 —v) +InrM +1InS. — InK,
Ins =In(1—7) +InrM+9InL .+ (1—-9)InK, —InK,
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1 1 1
InK, = =In(1—1) + —lnréw—i—lnLc — —Ins.
Y Y Y

Using the capital demand and the first-order condition with respect to land, we can solve for
the price ratio of land to floor space in city c:

Inl, =Iny+InrM +InS, —InL,
=Iny+InM +yInL.+ (1 —-9)InK, —InL,

=Iny+InrM - (1—9)InL, + 1;7 (ln(l — ) +InrM +4InL, —lns>

11— 11— 1. u
=Iny+ In(1—1v)— Ins — —Inr
L (I-17) - e

Inl, =¢cy—

1
i Ins+ ; In réw (B.21)

where we shorten notation by introducing the term cg that is constant across municipalities.

Land prices increase in the floor space rent M (and equivalently in residential rents r).

B.4 Land Supply

While the total land area in each municipality is fixed and inelastic, the share of land ready for
residential or commercial construction may be elastic. We model the supply of land ready for

construction in city ¢ according to the following log supply function:
InL, =6Inl. (B.22)

with land supply elasticity €*°> = 6 > 0. The preparation of new area includes, e.g., clearing
and leveling the site, or building road access and connections to the electrical grid.
B.5 Local Governments

Local governments use share i € (0,1) of the property tax revenues to finance the local public
good G.. All remaining revenues are distributed lump-sum to all workers in the economy
irrespective of location (share 1 — ). The government budget is defined as:

Total tax revenue

InGe =Iny +1In (Hcrfftc+Mcr£4 {1+t }x— 1]), (B.23)
where total tax revenue is the sum of residential property taxes, Hcrf tc, and property taxes on

rented commercial floor space, M.rM. Increases in city ¢’s property tax rate ¢, yield higher tax
revenues and thereby an mechanical increase in local spending on the public good.
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B.6 Equilibrium

The spatial equilibrium is determined by equalizing supply and demand on the markets
for labor, residential housing, commercial floor space and land in each city as well as the

government budget constraint. Hence, we can summarize the equilibrium conditions using the

following twelve equations:

a(1—9)
oH

1-94
lnNC:‘TiH

Inw, — lnr?—“a_(s) lnTC—FLHlnAC—F (LlnGc—l—al
1o

oH oH
of 1 b 1—p
-8 (= + =L in(ur) +b
ﬁ (TF 1_p c 1
lnHCzlnNC+ln1x—|—lan—lnr£{—lnTC

InH.=Iny+1InS,

) InrM
p

InN, = (1+fp>1nBC—(1+ﬁ 1P+pblnwc—(1—ﬁ) <Ulp+1f

Y S (L P _ R M
lnMc—<UF+1_p)lnBC ‘B<(TF+1—p>lan <1+[1 ﬁ][0F+1—p]>lan

- (1 +[1- B [(}F + 169}) In(tx) + by

InM, =In(1—u)+1InS,
InS.=(1—79)InK.+yInL,

InK.=InL.+ 11r1r£\/1+ 1ln(l —) — 1lns
4 v 4

InL, =0Inl,

Inl, = cg— — X Ins + AlylanM
IntM =1Ing + Inrl

InG. = Ing +1In (Hcr?tc + Mg [{1 + tehe — 1])

where we again use 7. = 1 + t, to simplify the notation in the following. We further simplify
the equations by using the key elasticities we defined above (see also Table B.1 for an overview):

InN, = ehnw.+(1+e™P)Inrf + (1+e™)Int. + 2 InA. + e In G, + 1
InN; = e?InB. +eNPlnw, + (1 +eMP) InrM + (1 4+ eMP) In(tx) + by
InH.=InN,+Ina +Inw, — lnrf —Int,

InH, =Inpy+InS,
InM, = ePInB. + (1+ eND) Inw, + eMP lnrévI + eMP In(t.x) + by
InM, =In(1—u)+1InS,

InS.=(1—79)InK. +yInL,

1 1 1
InK.=InL.+—-In'M+ —In(1—9) — —1Ins
Y Y v
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(B.25)
(B.26)
(B.27)
(B.28)
(B.29)
(B.30)

(B.31)



Table B.1: Key Elasticities of the Spatial Equilibrium Model

Key Elasticity Definition
Panel A — Labor Market
Labor Supply

Wages eN® = giﬂ% = 1(7;146

Exogenous Amenities eh = 5? gz = %

; A _ dInNe _

Local Public Goods 0e™ = GG = oF
Labor Demand

Wages eND:g}?mZZ:_(l'i'ﬁ[%‘*‘%D

Productive Amenities P = 311?1%]5 =L+ ﬁ
Panel B — Construction Sector and Land Market

N H

Residential Housing Demand w.r.t. Rents etb = glﬁ‘lf{j = - “(1_;,3+‘7
Commercial Floor Space Demand w.r.t. Rents eMP = 311?11\?/{ =- (1 +[1—B] [% + ﬁ])
Panel C - Land Market
Land Supply w.r.t. Land Prices aallrr‘l%f =0

Notes: This table summarizes the key supply and demand elasticities of the spatial equilibrium model.

B — 1. M
Inl. = ¢y — Ins+ ; Inr, (B.33)
InM =Ing + InrH (B.34)
InGe = Ing+In (Hrflt, + MerM[{1 + te e — 1) (B.35)

We can solve this system of equations for the equilibrium quantities in terms of population,
residential housing, commercial floor space, use of capital, and developed land, equilibrium
prices for labor, residential housing, commercial floor space, and land as well as public good

provision in equilibrium.

Effective Housing Demand. To solve the model, we first derive the effective residential
housing demand function, taking into account the extensive margin of people moving across

locations. By combining equations (B.24) and (B.26), we get the following expression:
lnHCD =a+Ina+e*InA. + 66 InG, + eHDlnrf +eMPInt. + (1 + eNS> Inw.

By clearing the labor market, i.e., equating expressions (B.24) and (B.25), we can derive wages

as a function of amenities, public goods, and floor space prices:

Inw, = (b1 —am —eP*InA. —0e*InG. + €®In B, — [1 + eHD] Int, + [1 + eMD] In [T.x]

— {1 + eHD] InrH + [1 + eMD} In rﬁw) / (eNS — eND>. (B.36)

As the partial derivative of log wages with respect to residential housing costs is posi-
tive (— [1 —l—eHD] / [GNS — eND] > 0), wages (partly) compensate for higher rents and/or
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higher residential property taxes ceteris paribus. Using this intermediate wage equation, we can
rewrite residential housing demand as a function of housing costs, exogenous amenities, and
local public goods:

lnHP = ( [1 —|—eNs} by — {1 —I—eND} a — el [1 +€ND} InAc +0InG.] +éP {1 —i—eNs} In B,
— {1 + eNS 4 HD {1 —l—eNDH lnrﬁq — {1 + eNS 4 HD {1 —l—eNDH Int,
+ [1 + eMD} {1 + eNS} In réw + [1 + eMD} [1 + eNS] ln[TCK])/(eNS — eND) +Ina

and use the no-arbitrage condition in equation (B.34) to rewrite residential housing demand in
terms of residential rents:

lnH? = ( {1 —f—(—,‘NS} by — [1 +€ND} ap + [1 +eMD] {1 —f—(—,‘NS} lnq>+eB [1 +eNS} In B,
—eh [1+€ND] [lnAc—kélnGc} — [GHD{l—i—eND} —eMD{l—keNSH lnr?
— [1+€NS+€HD {1—|—6NDH InT.

+ [1 + eMD} [1 + eNS} ln[’l’cK]) / (eNS - eND> +1Ina.

Residential housing demand is now a function of exogenous parameters and two endogenous
measures, residential rents X’ and public good levels G..

Definition B.1 (Effective Housing Demand). The effective residential housing demand elasticity é1P
captures the response of residential housing demand to changes in residential rents holding public good
levels constant but taking into account equilibrium effects on the labor market and the commercial floor
space market. We define the effective residential housing demand elasticity as:

éHD B _GHD[l + €ND] _ €MD[l + €NS]

< 0.
eNS _ cND

Given that efP < 0, eMP < 0, eNP < 0, and NS > 0, it follows that efll < 0.

We can rewrite residential housing demand accordingly using this definition:

In HCD = ( [1 + eNs} by — [1 + eND} a1 + [1 + eMD} [1 + eNS} In¢ + eB [1 + eNs} In B,
— A [1 + eND} (InA.+6InG.] + [1 + eMD} [1 + eNS] In K) / (eNS - eND)

+Ina+&EPInrl + P Inr,. (B.37)

Effective Housing Supply. To clear the residential housing market, demand needs to equal
floor space supply, which we can rewrite as a function of capital costs and residential rents by
combining equation (B.27) and equations (B.30)—(B.34):

InH? =InS; +1Inu

=(1—-9y)InKc+yInL.+1Inpu
=InS,
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:(1—7)lnLC+l;71nr£\4+1;7111(1—7)— ,Ylns+'ylnLc—|—ln‘u

=(1—7)InK,

= Glnlc%—ﬂlnrév{%— 1_,Yln(l—’y) - 1_7lns+lny

—~ Y Y Y

=In L,
= anrﬁ”— Mlns—k@co-i-l_i’ylnréw—k ! _Vln(l —) — 1_’Ylns-l-lny

Y v Y
=61nl,
= 1_:;4_91nr£‘4— M{il_wms%— 1_lyln(l — ) +6c+1Inpu
InH? = 1=v+6 <lnr£{+ln¢> _(1+6d=m) Ins + ! ;ryln(l — ) +6co+1Inp.
—_——
=InrM

Using these intermediate steps, we can also derive the effective housing supply elasticity.

Definition B.2 (Effective Housing Supply). The effective residential housing supply elasticity 15
captures the response of residential housing supply to changes in residential rents taking into account
both the factor substitution in the construction industry and the elasticity of land supply. We define the
effective residential housing supply elasticity as:

éHS:w>O
Y

Given that v € (0,1) and 6 > 0 it follows that &5 > 0.

By rewriting residential housing supply, we get:

a+0-7, .

1—
InH? = e Inrf +ef51ng - S T 1n(1 — ) + 0o + Inu.  (B.38)
Rents. Using equations (B.37) and (B.38) we can clear the residential housing market and
solve for equilibrium rents for residential floor space in city c as a function of equilibrium

public good provision G} and exogenous parameters:

Inrf* = ( [lnzx—lny —0cg — 1’_Y’Yln{l -7+ 1 +9},f1 — 7} Ins {eNS —eND]

+ {l +6NS} by — [1 —l—eND} a1 + Hl —|—eMD} {1 +€NS} — s {eNS — eND}] In¢

s [1 + eND} InAc+6InG!] + €8 [1 + eNS} In B, + &P [eNS — eND} In,

e i) [ ] inx) /([ a] s o] )

~HD SeA (1 4 eND A (] 4 ¢ND
InrH* = Int-— MlnG;‘ _ erﬁc
do do (eNS — eND) do (eNS — eND)
B 1 NS 1 MD 1 NS
CA4e®) g (V) A+ eT) (B.39)
do (eNS — eND) do (eNS — eND) do
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with
dg =& — &P > o (B.40)

1+0)(1—7 14 €N
(1—’)’)—|—< )/)(/ )lns+€NS_€NDb1

d,m zlntx—lny—()co—l;yln

ND MD NS
1+e +<[1—|—€ |[1+e ]—éHs)lncp.

eNS _ cND eNS _ (ND

Using the no-arbitrage condition in equation (B.34) we can solve for the equilibrium price of

commercial floor space, again as a function of equilibrium local public goods:

<HD Seh (1 4+ eND A (14 ¢ND
I = S It — %mq - %h‘f“c
do do (eN> — eND) do (eN> — eND)
& (1+6%) (1) (1+6%)

with

1+0)(1—7 14 NS
(1—7)+( )’Y( >1ns+€NS_€NDb1

d,m zlnoc—lny—(?co—lr_yryln

Cawe® (] )
eNS _ cND“1 eNS _ ¢ND :

Wages. Having solved for the price of residential and commercial floor space, we can derive

equilibrium wages in city c by exploiting the intermediate wage equation (B.36):

<HS (HD _ _MD Seh (eHS _ oMD A (gHS _ MD
lnwz‘:—e (e < )lnrc— e (¢ ¢ )lnG:—e (¢ ¢ In A,
do (NS — eND) do (NS — eND) do (eNS — eND)
B (zHS _ _HD 1 4 MDY (gHS _ cHD
G Gl )lnBc+( +e") (€ €)oo (B.42)
do (€NS — eND) do (eNS — eND) do
with
1y 1 y)146], ) €D W
dy = <9C0—11’1!X-|— ; In[1—7]+Iny— y Ins NS oND
&1 (1 4 D) — D (1 4 ¢MD) gHS _ -MD gHS _ HD
eNS _ oND — s — ™ T s — ot

Land Prices. The construction problem yields the relation between commercial floor space
prices and land prices in equation (B.33). Solving for land prices yields:

~HD k) A 1 ND A 1 ND
nl=S_Int— > (1+e™) InG: — < L+e™) a
vdo ydo (eNS — eND) ydy (€NS — eND)
B 1 NS 1 MD 1 NS
+e™) | p  (4eD)(A4e™), A (B.43)
~vdo (NS — eND) ~vdo (NS — eND) ~do
with
— 1+ NP 14 €Ns

dlzlnuc—lny—l

11‘1(1 — ’)/) s eNDal + NS _ oND by + (’)’do - 9) Co
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1+ eNS + €MD (1 4 eNP)

(L—7)(1+6—do)
Ins + NS _ oD In ¢.

v

+

Developed Land. Using equilibrium land prices and the land supply function allows to solve

for equilibrium land use in city c:

~HD 50 A 1 ND 0 A 1 ND
lnsze GlnTC— e’ (1+e™) InG; — e (1+e™) In A,
~do ~do (N5 — eND) ~do (eN5 — eND)
0B (1 + NS 0 (14 €MD) (1 - NS
™) | p o 00HET) (A T) L 6 (B.44)
~ydo (€N5 — eND) ~do (N5 — ND) ~do

Capital Stock. Equilibrium land use and equilibrium floor space prices also determine the

equilibrium capital stock in equation (B.31):

~HD 5A1 0) (1 ND A1 0) (1 ND
nk: = S0 40 0RO (AFeD) ) o SALHALET),
ydo ydo (eNS — eND) ydo (eNS — eND)
B 1 0) (1 NS 1 0) (1 MD 1 NS
C+0) (1+e®), p (40 A+eP) (1+) ) o d (B.45)

vdo (eNS — eND) vdo (eNS — eND) ydo

with
dg = (1+46) ([lnzx — In ] [GNS - eND] — {1 —i—eND} a1 + {1 —i—eNs} b1)

1-—7A+0)—do, .
; In(1—17)
L A=ma+ey —77(1 +O[L—7)do

(146) (14 eN5+ P [14 eNP])
+ NS _ oND In¢.

—9(1 +9’)’d0) co —

Floor Space. Land use and the capital stock in equilibrium also determine total floor space
production. Using the production function of the construction sector we can solve for the

equilibrium floor space quantity in city c:

. gHSsHD €H5(5€A(1 +€ND) . éHSeA(l +€ND)
InS; = 7o Int. — do (X5 — exDy InG. — do (X5 — eNDy In A,
sHS B (1 4 oNS sHS (1 4 MDY (1 4 NS
ehe’ (1+e™) | g S0P (1 4e) L ds (B.46)
do (eNS — eND) do (€NS — eND) vdo
with
do— -0 +0 ([hm—ln ] [eNS—eND} - [1+eND} a1+ [1+eN5} b
§ = NS _ ND H 1 1

+[14+ e+ e {14+ N0 Ing)

+ (1= +6 —dy) <[1_”]7M1ns—9c0—1;71n[1—7]).
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Using the residential share u of total floor space we can solve for residential housing in

equilibrium:
) éHSéHD éHS(seA(l + eND) X éHS€A(1 + eND)
InH; = Cdy e ™ do (eNS — eND) InGe = do (eNS — eNP) e
P (14e) N eF(1+e"P) (1+e™), 4 (B.47)
do (eNS — eND) ¢ do (eNS — eND) o |
with
Similarly we can solve for equilibrium commercial floor space production:
. é:HSéHD éHS(SeA(l + eND) " éHseA(l + eND)
In MC _ TO In T, — do (GNS — eND) In Gc - dO (€NS o €ND) In Ac
SO (S ) (14N
do (NS —eND) e do (NS — eNP) o |

with
dpy = ds + ydy 11’1(1 — y)

Population. By exploiting the labor supply to city ¢ as a function of rents and wages, we can

also solve for equilibrium population:

&5 (eND [1 4 HP] — NS [1 4 D)) 5er (14 €MD 4 N [1 4 H1S))

InN; = — do (eNS 4 eND) Inz — do (eNS + eND) InG;
A (14 eMD | (ND [1 4 gHS B (1 cHD 4 NS [1 4 gHS
e (14 + 1+ DlnAC+€(+€ +eNS[1+4¢ ])lnBC
do (eNS + eND) do (eNS + eND)
1.4 eMD) (1 4 HD | ¢NS 1 4 gHS J
(1+eMP) 1+ +e™1+e ])an+ﬂ (B.49)
do (eNS + eND) do
with
14 €MD 4 ND (1 4 gH5) 14 €MD 4 NS (14 gH5)
dy = - oNS _ gND i + eNS _ oND b

+ <lny—lnzx+9co+1;/yln[1—'y]—Wlns)

eND [1 4 HD] _ NS [1 4 (MD]
x eNS _ oND

+ NS _ oND In¢.

Public Good Provision. So far, we solved the equilibrium conditional on equilibrium public
good levels G} in order to differentiate between the direct effects of taxes on equilibrium

outcomes and the indirect effects operating through increases in local public goods financed

via property taxes.
We can now also derive for equilibrium public good provision G;. To simplify exposition
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and keep the model analytically tractable, we assume that rents for residential housing equal
the prices for commercial floor space (¢ = 1), which implies that both types of land use are
subject to the same regulations (Ahlfeldt et al., 2015). Moreover, we assume that residential
and commercial floor space are taxed at the same rate, i.e., x = 1.

Using the no-arbitrage condition from equation (B.34), the supply functions for residential
and commercial floor space from equations (B.27) and (B.29), effective housing supply from
equation (B.38), and equilibrium rents for residential housing in equation (B.51), we can solve

for equilibrium public good provision:

InG.=In¢+1In Hcrftc + Mcréw

{l+tc}’-7c\1]

=t,
=1

~ =~
=Iny+In | Hrllt. + M. ¢ 1t

N——

—rM

=lny+In (]/tSCrftc +(1- y)Scrg{tc)

=Ing+InS,+Inrf +Int,
=In¢y+InH, —Iny+Inrl +Int,
—_——
=InS,

a+0)1-7,  1-7

— ST H 4 @S — In(1—1y)+6co+1Inpu

=In H,
+lntp—lny+lnr§+lntc

1_
Ins+ i

= (1—|—éHS) Inr! +int. + &g — In(1—)+06co+1Iny

——
=0

~HD A ND A ND
_ (1+2%) (e ng,_ Jer 1] o Rlve™]

(1+0)(1-7)
v

Ao ¢ dg [eNS — ND] do [eNS — eND]

B [1+ eNs]
do [eNS — eND]

[1+eMP] [1+ eN5] { +drH
do[eNS —eND] TG

=0

InB. +

+Int. — (1+6)1 =) Ins + L ;lyln(l — ) +60c+1Iny
. gD [1 4 &Md] et [14 &™) [1+eNP] dff [1+ ]
II’IGC = (li()lnTc+lntC_ d() [eNS_eND] 11’1AC+T+dG
€B [1+ &S] [1 4 ] 5eA [1+eNP) [1 4 15
InB 1 B.
T [eNS — ND] N Be do [eNS — eND] T (B.50)
with
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ns+ In(1—)+6co+Iny.

_ 1+ -9) -7
dc = 1

7
Summary. Hence, we arrive at the following spatial equilibrium prices and quantities for
city ¢ (conditional on equilibrium public good levels G} and assuming equal tax rates on

residential and commercial floor space, i.e., k = 1):

<HD SeA (1 4+ eND A (1 4 ND
Hx _ € € ( +e€ ) * € ( +e€ )
Inr,”" = I InT. — do (€N — eND) InG; — do (eN5 — eNDy In A,
B (14 eN9) InB. + du
dg ((—JNS — (—JND) ¢ do
~HD SeA (1 4+ eND A (14 ¢ND
e = 0 0 e) e e 4e)
c do do (NS — eND) ¢ dy (eNS — eND)
€B (14 NS d
d ((—:(NS eNl)D) In B. +
0 - 0
<HD SeA (1 4+ eND A (14 ND
Inl} = e—lnTC— € (N:€ Ng InG; — ¢ (N:G NZD InA,
vdo ydo (eNS> — eND) ydp (eN> — eND)
B (14 eN9) InB. + d
vdo (eNS — eND) ydo
L gHS (gHD _ gMD) | seh (eH1S — eMD) Lo e (1S — MD o
Mle = 7 gy (N5 — eNDy HTe T T3 (NS — eNDy HPe T g NS — eNDy e
€B éHS _ €HD d
7 EENS eNDg In B, + dfw
0 - 0
i gHSgHD €H85€A(1 +€ND) . éHSeA(l +€ND)
InS; = e Int. — do (€5 — eNDy InG; — do (N5 — eNDY In A,
EN5eB (14 NS d
& <eN(S - eND>) InBe+ 2
. gHsgHD HS5eA (1 + eND) . EeA(14 eND)
InH; = 0 Int. — do (N5 — eND) InG; — do (N5 — eND) In A,
eHSeB (1 4+ €NS) _— du
do (NS — eND) ~vdo
| Hsghp EHS5eA (1 4 eND) . EHScA(1 4 eND)
InM; = - Int. — do (N5 — eND) InG; — do (N5 — eND) In A,
éHSeB (1 +€NS) n BC N diM
do (eNS — eND) vdy
~HD 50e? (1 ND et (1 ND
InL: = g - 2 %S“ND) InG: — — (N;LG D na,
vdo ydo (eN° — eNP) ydo (eN° —eNP)
N 0eB (1 + eNS) InB, + 6d,
~ydo (€NS — eND) vdo
- _éHS (€NP [1 + eHD] — NS [1 4 eMP]) o Seh (14 eMP 4 ND [1 4 8] o
¢ do (eNS + eND) ¢ do (eNS + eND) ¢
€A (1 + eMD 4 ND [1 4 gHS B (1 4 eHD 4 NS [1 4 gHS d
- ( NS N[D DIHAC+ ( NS 1\[ID DlnBC*'*N
do (eN> 4 eND) do (eN> 4 eND) do
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~HD ) A 1 0) (1 ND
e = EPE0) e 140) (14 )
vdo ydo (eNS — eND)

B (1+6) (1+€N9) dx

er(1+6) (1+€eNP)

do (eNS — eND) In A

InG! —

ydy (eNS — eND) In B + ~do
éHD [1 —|—€‘HS} €A [1 + éHS] [1 _|_€ND} dH [1 + éHS]
InG:! =| ——1 Int, — InA.+ 1—+——+
n GC ( d() n TC + n tC do [GNS _ GND] n C + do + dG

. €B [14 &™) [1 4 €N9] . Bc> / <(5€A [1+€NP] [1 4] N 1)

do [N — eND] do [€NS — eND]

with dy, d,u, dom, d;, dw, ds, du, dy, dy, and dg being constant terms. From here, we can
also derive the log real wage in city c using the equilibrium wage w; and the equilibrium
rent for residential housing r/* (again conditional on equilibrium public good levels and

assuming x = 1):

w* gHs (GHD _ MD | NS _ €ND) SeA (éHS _MD _ ND _ 1)
In -5 = — NS ND Int. — In G}
rHxT, do (eN> — eND) do (eNS — eND)
A (éHS — MP _ ND _q) B (éHS _HD _ NS _ 1)
].n AC + ln BC
dy (eNS — eND) do (eNS — eND)
(B.51)

B.7 Comparative Statics

Using the equilibrium outcomes derive above we can take a closer look at the comparative
statics in the model. First we analyze the effects of tax increases on equilibrium prices and
quantities. In a second step, we derive comparative statics with respect to the different amenities
in the model.

Comparative Statics of Property Tax Increases. In the following, we derive how equilibrium
outcomes respond to changes in property taxes. We derive the following theoretical predictions:

Lemma B.1 (Public Goods). The total effect of property tax increases on equilibrium public good
provision in city ¢ can be decomposed in (i) a direct, positive effect through higher revenues from taxing
the existing housing stock at current prices, and (ii) an indirect, countervailing effect reflecting that
higher taxes decrease prices and quantities traded on both floor space markets and thus the tax base.

The higher the property tax rate t., the more important the second, indirect channel distorting the tax
base relative to the direct revenue effect. The total effect of tax increases on public good spending will be
positive as long as the tax rate is sufficiently small:

dinG: o L, s — gtib
dInTe ‘ &HS (1 4 gHD)’
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Proof. The effect of property tax increases on equilibrium public good levels is given by:

dIn G} (to, v (%, G {}]) 9InG} dlnt, 3InG} | dlnrl* dlnrl* dInG;

din T, ~ dInt. dlnt,  dlnrH* | 9lnt, = 9InG’ dint
| S— .—/\_\/_/ N, s’ N’ | S
>0 >0 >0 <0 <0
dinG; _ (1+4t)/t b (1+&™) /(e — &)
- A ND =HS ScA ND =HS
dln e (éfis(,l;{elj)(zl(\llstiND)) +1 ((:;IS (,12;16]3 )(é):l(\llstiND)) +1

where the first fraction reflects the direct effect, the second fraction reflects the impact of
property taxes on the housing market volume. While the numerator is positive for the direct
and negative the indirect effect, respectively, the sign of the denominator and thus the sign of
the total derivate depends on the model parameters. O

Lemma B.2 (Rents). The total effect of property tax increases on equilibrium net rents for residential
and commercial floor space in city c can be decomposed in (i) a direct, negative effect that is compensating
for higher costs of living due to the tax increase, and (ii) an indirect effect operating through higher local
public good provision that is theoretically undetermined. The indirect effect depends on the capitalization
of public goods in rental prices and the degree to which tax increases raise the public good provision. It
will be positive as long as public good spending increases in the tax rate.

Proof. The effect of property tax increases on equilibrium rents is given by:

dinrf™ (%, G; [x]) _ dInr™ (v, G} [x])
dinT, dint,
_ dlnrl* 9InrF*dInG;

= 9lnt | 9InG: dint,

R G

~ 1+t
- ehb seh (1 + €ND) s _gap . T+ P
- gHS _ gHD (éHS _ é:HD) (GNS _ GND) 5eA (1+eND)(14-15) N 1/
———— (EFIS —gHD) (eNS_ND))
<0 >0
<
;0

where the first fraction reflects the direct, negative effect, the second fraction reflects the
capitalization of public goods into rents, and the third fraction denotes the translation of

property taxes into public good spending, which is theoretically undetermined. O

The statutory incidence of property taxes in our model is on the user of the housing services.
Workers and firms thus have to finance the additional burden of higher property taxes. However,
we assume that both groups of agents are at least somewhat mobile across jurisdictions and
housing demand is thus at least somewhat elastic. As a result, renters are able to shift part of
the additional tax burden onto landlords, which leads to a decrease in net rents for residential
and commercial floor space when holding public good levels constant, i.e., a direct, negative
effect. At the same time, tax increases impact the provision of local public goods in equilibrium.
Higher property taxes will increase tax revenues holding prices and quantities on the housing
market fixed and thus increase the spending on public goods. Capitalization of public goods
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would thus reduce the downward pressure on net rents. However, there is a countervailing
effect of property taxes on housing prices and quantities, which potentially lowers tax revenues
and thereby public good spending. As discussed in Lemma B.1, the combined effect of is

theoretically undetermined, as is thus the indirect effect of property taxes on housing costs.

Lemma B.3 (Wages). The total effect of property tax increases on equilibrium wages in city c can
be decomposed in (i) a direct effect that is potentially compensating for higher costs of living due to
the tax increase, and (ii) an indirect effect operating through higher local public good provision that
is theoretically undetermined. The direct effect depends on the relative strength of residential and
commercial housing demand, i.e., the relative mobility of workers and firms to avoid higher taxes. The
indirect effect depends on the capitalization of public goods in wages and the degree to which tax increases
raise the public good provision. Both the direct and the indirect effect are theoretically undetermined.

Proof. The effect of property tax increases on equilibrium wages is given by:

dinw} (1, G} [t%]) dlnw} dJlnw!dInG}

dlnt, = 9lnw | 9InG: dint,
=HD 1 =HS
S (HD _MD)  geh (gHS  MD) % + Lt
W) H o), e

<0 <0
> §0

where the first fraction reflects the direct effect, the second fraction reflects the capitalization of
public goods into wages, and the third fraction denotes the translation of property taxes into
public good spending. O

Tax increases trigger two opposing effects for profit maximizing firms in the city. On the
one hand, higher property tax payments raise the factor price of commercial floor space and
firms thus try to re-optimize by using less floor space relative to labor. On the other hand,
property taxes make it more costly for workers to live in city ¢ and residents demand higher
wages to compensate for increased costs of living. Without compensating wage increases,
inframarginal workers will move to other places. The sign and the magnitude of the two direct
effects of tax increases on wages are determined by the relative strength of the residential and
the commercial floor space demand elasticity, e#P and €MD, respectively. The indirect effect
again operates through the capitalization of public goods into wages and depends on the extent

to which tax increases yield additional public good spending at the local level.

Lemma B.4 (Real Wages). The total effect of property tax increases on equilibrium real wages in city c,
i.e., the wage adjusted for local costs of living, can be decomposed in (i) a direct, negative effect that
reflects higher costs of living due to the tax increase even after accounting for potentially compensating
rent decreases, and (ii) an indirect effect operating through higher local public good provision that is
theoretically undetermined. The indirect effect depends on the capitalization of public goods in wages
and rents, and the degree to which tax increases raise the public good provision, which is theoretically
undetermined.
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Proof. The effect of property tax increases on equilibrium real wages is given by:

dare _ olnw; | dlnw; dinG;
dIn T, dlnt,  9InG} dint,

~HS (.HD _ .MD | NS _ .ND A (zHS _ .MD _ _ND eP(1+e) | 14,
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do (eNS _ eND) do (GNS _ eND) {;2(1:,1_{6;\1D)(1+5Hs) 1/
(eHS —gHD) (¢NS_ND)

<0 <0 >

;0
where the first fraction reflects the direct effect, the second fraction reflects the capitalization of
public goods into wages and rents, and the third fraction denotes the translation of property

taxes into public good spending. O

As seen before, net rents for residential housing may decrease in reaction to higher taxes
thereby partly compensating for tax increases. The additional property tax burden would thus
be shared between renters and landlords. Similarly, firms may compensate for higher costs of
living in the municipality by paying higher wages. However, even taking together lower net
rents and potentially higher wages does not fully balance the additional property tax burden.
Real incomes in the jurisdiction thus decrease in response to tax increases (direct effect). For
the case of real wages, the indirect effect operating through higher public good provision does
not alleviate the direct effect, but yields additional downward pressure on real wages as long
as the effect of property taxes on public good spending is positive. This mirrors the fact that
workers compensation for higher costs of living may come through local public goods instead

of higher real wages.

Lemma B.5 (Population). The total effect of property tax increases on equilibrium population levels
in city ¢ can be decomposed in (i) a direct, negative effect that is due to lower real wages, and (ii) an
indirect effect operating through higher local public good provision that is theoretically undetermined.
The indirect effect depends on workers” (positive) valuation of public goods when choosing locations and
the degree to which tax increases raise the public good provision. This indirect effect will be positive as
long as public good spending increases in the tax rate.

Proof. The effect of property tax increases on equilibrium population levels is given by:

dInN; (1., G} [t])  9InN; n dInN}dIn G}
dinTt, dln T, 0lnG} dint,
gHs (eND [1 + eHD] _ (NS [1 + 6MD])
do (eNS 4- eND)

<0
Se (14 €MD 4 eND [1 4 gHS)) %4_1?7%
€ —€ c
- NS ND 5eA(1+eND)(14-eHS ’
G o i

>0 >
;O

where the first fraction reflects the direct, negative effect, the second fraction reflects workers’

61



valuation of public goods when choosing their location, and the third fraction denotes the
translation of property taxes into public good spending, which is theoretically undetermined.
t

When property taxes in city ¢ increase, it becomes more expensive to live there — even after
considering compensating effects though lower net rents and potentially higher wages. With
constant local public goods and lower real incomes after the tax reform, the city becomes less
attractive to live in (direct effect). As we assume that workers are at least somewhat mobile
across jurisdictions, inframarginal workers will leave the municipality after the tax increase.
The indirect effect through increases in local public goods works in the opposite direction and
thus reduces the outflow of workers as long as public good levels increase in the tax rate.

Lemma B.6 (Housing Stock). The total effect of property tax increases on the residential, commercial
and total housing stock in equilibrium in city c can be decomposed in (i) a direct, negative effect that
reflects lower rents and lower demand due to the tax increase, and (ii) an indirect effect operating through
higher local public good provision that is theoretically undetermined. The indirect effect depends on the
impact of public good supply on the local housing stock (positive) and the degree to which tax increases
raise the public good provision. It will be positive as long as public good spending increases in the tax
rate.

Proof. The effect of property tax increases on the equilibrium housing stock is given by:

dinH} (., G} [t])  dInM; (7., G} [t])  dInS} (7, G [])
din T, - din T, - din T,
~ 9dInH  JInH!dInG}
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where the first fraction reflects the direct, negative effect, the second fraction reflects the impact
of public goods on the housing stock, and the third fraction denotes the translation of property

taxes into public good spending, which is theoretically undetermined. O

With constant public goods and lower real wages, the jurisdiction becomes less attractive to
live in. Population levels decline in response to property tax increase. If less people are willing
to locate in city ¢, the demand for residential housing declines. The same mechanism works
for firms’ location choice and their demand for commercial floor space. Eventually, both the
residential housing stock and the amount of commercial floor space will be lower compared to
the pre-reform equilibrium. This direct effect is in line with the prediction of the new view on
the property tax. When accounting for endogenous local public goods, this prediction becomes
less clear-cut due to the indirect effect. As long as public good spending increases in the tax
rate, the public good provision alleviates the negative effect on the housing stock as higher
public good levels increase the demand for city ¢ despite the real wage loss.
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Lemma B.7 (Land Use). The total effect of property tax increases on equilibrium land use in city c can
be decomposed in (i) a direct, negative effect that reflects lower activity in the construction sector due to
the tax increase, and (ii) an indirect effect operating through higher local public good provision that is
theoretically undetermined. The indirect effect depends on the impact of public goods on land use and the
degree to which tax increases raise the public good provision. It will be positive as long as public good

spending increases in the tax rate.

Proof. The effect of property tax increases on equilibrium land use is given by:

dinL? (1,G} [t]) 9InL: n olnL} dInG}
dint, - dlnt.  9InGr dlnt.
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where the first fraction reflects the direct, negative effect, the second fraction reflects the impact
of public goods on land use, and the third fraction denotes the translation of property taxes

into public good spending, which is theoretically undetermined. O

With decreasing housing demand and lower levels of floor space production after the tax
reform, the demand of the construction sector for land ready for construction decreases as well.
This reflects the direct effect. As before, the indirect effect works in the opposite direction as

long as public good spending increases in the tax rate.

Lemma B.8 (Land Prices). The total effect of property tax increases on equilibrium land prices in
city ¢ can be decomposed in (i) a direct, negative effect that reflects lower construction activity and lower
land use in the construction sector due to the tax increase, and (ii) an indirect effect operating through
higher local public good provision that is theoretically undetermined. The indirect effect depends on
the impact of public goods on land prices and the degree to which tax increases raise the public good
provision. It will be positive as long as public good spending increases in the tax rate.

Proof. The effect of property tax increases on equilibrium land prices is given by:

dinl} (1, G} [t]) _oInl} n dInl* dInG;
dln T, - dlnt.  9InG* dlnt,
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where the first fraction reflects the direct, negative effect, the second fraction reflects the impact
of public goods on land prices, and the third fraction denotes the translation of property taxes

into public good spending, which is theoretically undetermined. O

If population levels, floor space demand and the housing stock decrease, less land is needed

for construction. As a result, land prices decrease as well to balance supply and demand, and
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to reach a new equilibrium on the market for land ready for development. This direct effect is
again potentially diminished by an indirect effect operating through increases in local public

goods.

Lemma B.9 (Capital Stock). The total effect of property tax increases on the equilibrium capital stock
in city c can be decomposed in (i) a direct, negative effect that reflects lower construction activity due to
the tax increase, and (ii) an indirect effect operating through higher local public good provision that is
theoretically undetermined. The indirect effect depends on the impact of public goods on the capital stock
and the degree to which tax increases raise the public good provision. It will be positive as long as public

good spending increases in the tax rate.
Proof. The effect of property tax increases on the equilibrium capital stock is given by:

dInK: (%, G; [x]) _ 9InK: | dInK: dInG
dln T, ~ dlnt,  9InG* dlnt.
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where the first fraction reflects the direct, negative effect, the second fraction reflects the impact
of public goods on the equilibrium capital stock, and the third fraction denotes the translation

of property taxes into public good spending, which is theoretically undetermined. O

Lower population levels, lower housing demand and a smaller housing stock reduce the
need for additional construction. Analogous to the demand for developed land, the capital
demand of the construction sector declines as well. Again, this is in line with the capital tax
view and reflects the direct effect holding public good provision constant. The indirect effect
operates through the impact of public goods on the capital stock and will alleviate the direct
negative effect as long as tax increases yield additional tax revenues that is spend on public
goods.

B.8 Welfare Analysis

We assume a utilitarian welfare function that aggregates the utility of all agents in the economy:

— wH F C L
W=W"+W +WO +W=.

We measure worker welfare, W, by workers” utility and the welfare of firms owners, WE, by
the firm values defined above. The welfare of construction firm owners, W€, and landlords’
welfare, WE, are measured by their profits. The construction sector is assumed to operate under
perfect competition and makes zero profits, thus, welfare of construction firms is zero. We
assume that the economy is large and a change in city ¢’s property tax rate does not affect the

utility of workers, firms or landlords in other locations. Following Kline and Moretti (2014) we
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define workers welfare as the inclusive value given by:

H H < VCH
W™ =¢7In ;exp o .

To first order, an increase in city c’s property tax affects workers” welfare via the incidence

of property taxes on gross rents (1 + t.)rf* = 7.rH*, its effect on wages w}, and via the

transmission into local public goods G;:
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The sign and the magnitude of this welfare effect for residents in city ¢ depends (i) on the extent
to which wages and net rents compensate for the real wage loss due to higher tax payments,
and (ii) on the responsiveness of equilibrium public good spending to changes in the tax rate.
The lower preferences for public goods, J, the more important the former effect, the higher
public good preferences, the more important the latter effect.

We derive firm values accordingly and again use the inclusive value to measure the welfare
of firm owners (Sudrez Serrato and Zidar, 2016):

F F < VcP
W' =0"1In ;exp +F .

A change in taxes in city ¢ affects firm owners’ welfare via the incidence on wages w* and the
g y c

impact on the gross price of commercial floor space (1 + t.)rM* = xr.rM*:
dWFE dvE dInrM* dInw}
—— =F——=—-F([1- 1-— . <.
dint,  “dint, C<[ Al+01-p] dinT, +ﬁdlnrc>

The change in the welfare of firm owners depends on the share of the tax burden that can be
passed on to landlords in terms of lower net prices for commercial floor space and the share
that can be shifted to workers by lower wages.

The welfare of firm owners in the construction industry is given by their profits (see
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equation (B.20)):

we =y 1€ = }C: (rﬁ”*s: —sKF — l;L;) .
=1 c=1
Property tax increases yield lower sales in the construction industry because workers and firms
demand less floor space S and every unit is sold at a lower price rM*. Construction firms
react by decreasing their demand for land L} and capital K} and thus the price of land (I7) will
decrease as well. With some algebra, one can show that WC evaluates to zero in equilibrium
and construction firms still make zero profits irrespective of the tax.
We summarize the welfare of landlords by their profits as in Kline and Moretti (2014), i.e., the
area between land prices and the inverse of the land supply function defined in equation (B.22),
and scale it with the size of the nationwide land market denoted by A:
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Tax increases in city ¢ reduce the welfare of landlords according to the following expression:
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where A, denotes the share of local land sales [} L} relative to the nationwide land market A.
The stronger the incidence of property taxes on land prices and the more severe the reduction
in land demand due to higher taxes, the bigger the welfare loss for landlords. As landlords’
welfare is decreasing in the land supply elasticity (see denominator), landlords will only bear
part of the tax burden as long as the supply of land ready for construction is not perfectly
elastic. Otherwise landlords make zero profits and won’t bear any tax burden.
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B.9 The Property Tax as a Specific Tax

So far we assumed that property is taxed ad valorem, which allows us to derive an analytical
solution for the spatial equilibrium. However, our central incidence prediction of a direct,
negative effect of property taxes on net rents compensating for higher costs of living does not
rely on this assumption but also goes through when we model property taxes as a specific
tax. To see this, consider an alternative formulation of the households” budget constraint in
equation (B.1):

(ri + to)hi + px; = w,
and an alternative profit specification for firms in the tradable good sector (see equation (B.9)):
H]Fc = chch - chjc - (T’?/I + tCK)M]-C.

Using these assumptions, we can derive alternative functions for labor supply, residential
housing demand, labor demand, and commercial floor space demand using the key elasticities
defined above:

In NCS =eNlnw, + (1 + eHD> In (rg{ + tc) +eAInA+ 66 InG + aq (B.52)

In HCD =InN;+Ina+Inw, —In (r? + tc> (B.53)
In NCD =ePInB.+eNPlnw, + (1 + eMD) In (révl + tCK) + by (B.54)
In MCD =ePInB. + (1 + eND) Inw. + eMPIn (rﬁw + th> + bs. (B.55)

The equilibrium is now characterized by equations (B.27), (B.29)-(B.35) and (B.52)-(B.55). As in
the case of an ad valorem tax, we also derive effective residential housing demand and effective
residential housing supply as functions of residential rents and property taxes when modeling
the property tax as a specific tax. Using the alternative expressions for labor demand and labor
supply, we can derive new equilibrium wages conditional on taxes, floor space prices, and
amenities:

Inw, = <b1 —a—€e*InA. — 6e*InG, + €®InB. — [1 —|—€HD} In {rf' + tc}
+ [1 + (—:MD} In [rﬁw + tCK} )/((—:NS - (—:ND>.
Using this intermediate step and the equilibrium conditions from above, we can solve for

residential housing demand as a function of residential housing costs rgi , taxes, and amenities
(note that we set ¢ = 1 and x = 1 again to keep the model analytically tractable):

lnHZj =InN;+Ina +Inw, —In (rf—ktc)

=In NP

= NS Inw, + (1 + eHD> In (rf + tc> +et InA. + 5ei In G+ m
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We can also write residential housing supply as a function of residential rents and exogenous
model parameters only. It is still given by:

lan :éHSh’”’g{"i'QCO"‘ 1;711’1(1—’)/)—}—]1’1],1_(1_1)/)’)/(1_'_9)1115

In the spatial equilibrium, demand and supply of residential housing must be equal. Using
the above equations we can solve for equilibrium rents for residential floor space. Now consider

the introduction of a property tax in city ¢ and derive the tax incidence ‘fﬁ: (ignoring the supply
of public goods):
HE (rt) = HP (7 +t.)
dH; (rf') _ dHP (rf +t)
dt. dt.
dH? (rB) arf dHP (r! + 1) 14 dri
drll  dt, drH dt.
drfl (dH? [rl']  dHP [rf +t]\  dH? (rf +t)
dt. drH drH N drH
dHP (rH+t.)
dr({_l . drg‘l
dte — dH () dHD(rf+to)
ari drH
dHP +H
_ arm
T 4gs rH  dHD vH
drf HS ~ drH HDP
drH =HD
rc == ~€7~, (B56)
dt. ~ eHS _gHD

which corresponds to the direct effect in the case of an ad valorem tax in Lemma B.2. In both
cases — for specific taxes as well as ad valorem taxes — the incidence after introducing a new tax
depends on the relative size of the effective housing supply and the effective housing demand
elasticity with respect to the rental price.
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C Appendix: Additional Results

C.1 Robustness Checks

Figure C.1: The Effects of Property Taxes on the Business Cycle

A. Log GDP B. Log Unemployed
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Notes: This figure shows the effects of property taxes on the business cycle using the event study set-up from
equation (17). The event is defined as an increase in the local property tax rate (all increases), or as an increase
that is greater than or equal to the median of the tax change distribution (big increases). The base sample
includes all municipalities from our housing data set (see Section 4.2 for details), the full sample includes
all municipalities for which we have data on the respective outcome. Standard errors are clustered at the
municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the Appendix for details
on all variables.
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Figure C.2: The Effects of Property Taxes on the Housing Market By Regional Controls

A. Log Net Rents B. Log House Price
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Notes: This figure shows the effects of property taxes on the housing market by regional controls using the
event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.3: The Effects of Property Taxes on the Land Market By Regional Controls
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Notes: This figure shows the effects of property taxes on the land market by regional controls using the
event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.4: The Effects of Property Taxes on the Labor Market By Regional Controls

A. Log Wages B. Log Population
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Notes: This figure shows the effects of property taxes on the labor market by regional controls using the event
study set-up from equation (17). The event is defined as an increase in the local property tax rate (all increases).
Panels C and D are based on a subsample of large municipalities (“urban counties”) as data on employment
and plants are only observed at the county level. Standard errors are clustered at the municipality level,
vertical bars indicate 90 % confidence intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.5: The Effects of Property Taxes on the Business Cycle By Regional Controls
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Notes: This figure shows the effects of property taxes on the business cycle by regional controls using the
event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.6: The Effects of Property Taxes on the Housing Market By Business Tax Controls

A. Log Net Rents B. Log House Price
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Notes: This figure shows the effects of property taxes on the housing market by business tax controls using
the event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.7: The Effects of Property Taxes on the Land Market By Business Tax Controls

A. Log Land Price B. Log Land
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Notes: This figure shows the effects of property taxes on the land market by business tax controls using the
event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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Figure C.8: The Effects of Property Taxes on the Labor Market By Business Tax Controls

A. Log Wages B. Log Population
o~ a
[%2] [%2]
QD 2
S l So 4 il +
k7 l ®
0o - ot 1 » -5
: i ;
Q L
E%- tOETT
k7] ®
w i
ST
N <
O- —
T T T T T T T T T T T T T T T T T T
83 -2 A1 0 1 2 3 4 5 3 2 A1 0 1 2 3 4 5
Years Relative to the Tax Reform Years Relative to the Tax Reform
C. Log Employment D. Log Plants
(\! - ~—
[%2] [%2]
O~ [ RTo)
= .7 T = O
o o 7
| I
Weo ﬁ TP
) o 0
i) g g
(0] @©
€ _ € v
® o] ® 2
w w !
N -~ 4
' T T T T T T T T T I T T T T T T T T T
83 020 A1 0 1 2 3 4 5 3 2 A1 0 1 2 3 4 5
Years Relative to the Tax Reform Years Relative to the Tax Reform
—8—— Baseline (Incl. Business Tax Controls) ———A——— No Business Tax Controls

Notes: This figure shows the effects of property taxes on the labor market by business tax controls using
the event study set-up from equation (17). The event is defined as an increase in the local property tax
rate (all increases). Panels C and D are based on a subsample of large municipalities (“urban counties”) as
data on employment and plants are only observed at the county level. Standard errors are clustered at the
municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the Appendix for details
on all variables.
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Figure C.9: The Effects of Property Taxes on the Business Cycle By Business Tax Controls

A. Log GDP B. Log Unemployed
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Notes: This figure shows the effects of property taxes on the business cycle by business tax controls using
the event study set-up from equation (17). The event is defined as an increase in the local property tax rate
(all increases). Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence
intervals. See Table A.1 in the Appendix for details on all variables.
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C.2 Heterogeneous Effects

Figure C.10: The Effects of Property Taxes on Quantities by City Size
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Notes: This figure shows the effects of property taxes on quantities by city size using the event study set-up
from equation (17). The event is defined as an increase in the local property tax rate (all increases). Standard
errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in
the Appendix for details on all variables.
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Figure C.11: The Effects of Property Taxes on Prices by Density

A. Log Net Rents B. Log House Price
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Notes: This figure shows the effects of property taxes on prices by density using the event study set-up from
equation (17). The event is defined as an increase in the local property tax rate (all increases). Standard errors
are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in the
Appendix for details on all variables.
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Figure C.12: The Effects of Property Taxes on Quantities by Density

A. Log Apartments B. Log Houses
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Notes: This figure shows the effects of property taxes on quantities by density using the event study set-up
from equation (17). The event is defined as an increase in the local property tax rate (all increases). Standard
errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See Table A.1 in
the Appendix for details on all variables.
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Figure C.13: The Effects of Property Taxes on Prices by Undevelopable Land

A. Log Net Rents B. Log House Price
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Notes: This figure shows the effects of property taxes on prices by undevelopable land using the event study
set-up from equation (17). The event is defined as an increase in the local property tax rate (all increases).
Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See
Table A.1 in the Appendix for details on all variables.
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Figure C.14: The Effects of Property Taxes on Quantities by Undevelopable Land

A. Log Apartments B. Log Houses
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Notes: This figure shows the effects of property taxes on quantities by undevelopable land using the event
study set-up from equation (17). The event is defined as an increase in the local property tax rate (all increases).
Standard errors are clustered at the municipality level, vertical bars indicate 90 % confidence intervals. See
Table A.1 in the Appendix for details on all variables.
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C.3 Welfare Effects

Table C.1: Reduced Form Elasticities — Difference-in-Difference Estimates

Base Sample Full Sample
Outcome Elasticity S.E. Obs.  Elasticity S.E. Obs.
Log Net Rent -0.018  (0.032) 37,672 -0.018 (0.032) 37,672
Log House Price -0.038  (0.031) 33,767 -0.038 (0.031) 33,767
Log Apartments 0.010  (0.004)** 2,780 -0.004 (0.003) 93,192
Log Houses 0.011  (0.005)** 2,780 -0.003  (0.004) 93,192
Log Land Price -0.070  (0.260) 1,205 0.007  (0.212) 6,987
Log Land -0.025 (0.014)* 1,712 -0.011  (0.008) 50,825
Log Wage 0.006  (0.027) 973 -0.024  (0.040) 8,067
Log Population 0.000 (0.011) 5,050 -0.001  (0.008) 189,505

Notes: This table summarizes the reduced-form results for the key medium-run elasticities of
our model for both the house price sample and the full sample. For detailed information on all

variables, see Appendix Table A.1.

Table C.2: Welfare Effects of Property Tax Increases

Housing Share a=02 a=03 a=04

Labor Share 0.45 0.55 0.65 0.45 0.55 0.65 0.45 0.55 0.65
1) (2 3) “) ) (6) ) 8) )

Panel A — Marginal Welfare Effects

Worker /Tenant -0.167 -0.167 -0.167 -0.258 -0.258 -0.258 -0.348 -0.348 -0.348

Firm Owner -0.504 -0414 -0325 -0504 -0414 -0.325 -0504 -0414 -0.325

Land Owner -0.512 -0.512 -0512 -0512 -0.512 -0.512 -0.512 -0.512 -0.512

Total Welfare Effect -1.183 -1.094 -1.005 -1.273 -1.184 -1.095 -1.364 -1.274 -1.185

Panel B — Welfare Loss Shares

Worker /Tenant 0.141 0.153 0.166 0.202 0.218 0.235 0.255 0.273 0.294

Firm Owner 0426 0379 0324 039 0350 0.297 0369 0325 0275

Land Owner 0.433 0.468 0.510 0.402 0.432 0.468 0.375 0.402 0.432

Notes: This table presents marginal welfare effects and welfare shares based on the following three reduced form

elasticites dIn rf’ */dint, =

—.096,dIn1* /dInT, =

—.512,d1In wf*/dlnrc = .014 and based on the calibrated

housing share in consumption («) and labor share in production (g) as indicated in the table head. Our preferred

specification is given in column (5).
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