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A.1 Introduction

This technical appendix contains additional supplementary material for the paper. Section A.2 presents
a more detailed analysis of the theoretical model. We report the technical derivations of the expressions
reported in the paper. We also establish a number of results about the properties of the general equilibrium
with exogenous location characteristics and endogenous agglomeration forces.

Section A.3 calibrates the model for known parameter values and shows that there is a one-to-one map-
ping from these known parameters and the observed data to unobserved location characteristics. Therefore
these unobserved location characteristics correspond to structural residuals that are functions of the pa-
rameters and the observed data.

Section A.4 turns to the structural estimation of the model, where both the parameters and unobserved
location characteristics are unknown and to be estimated. We derive the moment conditions used in the

estimation and review the Generalized Method of Moments (GMM) estimator as applied to our setting. We



discuss the computational algorithms used to estimate the model and report the results of a grid search over
the parameter space that we use to characterize the properties of the GMM objective function.

Section A.5 uses the model to undertake counterfactuals for the effects of division and reunification.
Section A.6 reports the results of a Monte Carlo exercise, in which we show that our estimation procedure
correctly recovers the model parameters when the data are generated according to the model.

Section A.7 discusses an extension of the theoretical model to incorporate non-traded goods. Section
A.8 presents additional reduced-form empirical results discussed in the paper. Section A.9 reports additional
structural estimation results discussed in the paper. Section A.10 contains further information about the

data sources and definitions.

A.2 Theoretical Model

In this section, we develop in further detail the theoretical model outlined in the paper. We present the
complete technical derivations for all the expressions and results reported in the paper. In the interests of
clarity and to ensure that this section of the web appendix is self-contained, we reproduce some material
from the paper, but also include the intermediate steps for the derivation of expressions.

We consider a city embedded within a wider economy. The city consists of a set of discrete locations or
blocks, which are indexed by ¢ = 1, ..., S. The city is populated by an endogenous measure of H workers,
who are perfectly mobile within the city and the larger economy. Each block has an effective supply of floor
space L;. Floor space can be used commercially or residentially, and we denote the endogenous fractions
of floor space allocated to commercial and residential use by 6; and (1 — 6;), respectively.

Workers decide whether or not to move to the city before observing idiosyncratic utility shocks for each
possible pair of residence and employment locations within the city. If a worker decides to move to the city,
they observe these realizations for idiosyncratic utility, and pick the pair of residence and employment
locations within the city that maximizes their utility. Population mobility between the city and the wider
economy implies that the expected utility from moving to the city equals the reservation level of utility in
the wider economy U. Firms produce a single final good, which is costlessly traded within the city and
larger economy, and is chosen as the numeraire (p = 1).*

Locations differ in terms of their final goods productivity (A4;), residential amenities (5;), supply of floor
space (L;) and access to the transport network (7;;). We first develop the model with exogenous values of

these location characteristics, before endogenizing them below.

'We follow the canonical urban model in assuming a single tradable final good and examine the ability of this canonical model
to account quantitatively for the observed impact of division and reunification. In Section A.7 of this web appendix, we discuss
an extension of the model to introduce a non-traded good.



A.2.1 Preferences

Workers are risk neutral such that the utility of worker w residing in block 7 and working in block j is linear

in an aggregate consumption index (Cjjq,):°
Uz’jw - Oijw-

This aggregate consumption index depends on consumption of the single final good (c;;.,), consumption
of residential floor space (/;;,), and three other components. First, residential amenities (5;) that capture
common characteristics that make a block a more or less attractive place to live (e.g. leafy streets and scenic
views). Second, the disutility from commuting from residence block 7 to workplace block j (d;; > 1). Third,
there is an idiosyncratic shock that is specific to individual workers and varies with the worker’s blocks of
employment and residence (z;;.,). This idiosyncratic shock captures the idea that individual workers can
have idiosyncratic reasons for living and working in different parts of the city. In particular, the aggregate

consumption index is assumed to take the Cobb-Douglas form:*

Bz (e NP/ 0. \"P
C/L . — 1YW ( z]w> ( Jw ) , O < /8 < 1, (1)
’ dij 8 1-p

where the iceberg commuting cost d;; = € € [1,00) increases with the travel time between blocks

¢ and j (7;;). Travel time is measured in minutes and is computed based on the transport network, as
discussed further in the data section of this web appendix (Section A.10). The parameter x controls the
size of commuting costs. Although we model commuting costs in terms of utility, there is an isomorphic
formulation in terms of a reduction in effective units of labor, because the iceberg commuting cost d;; = "7
enters the indirect utility function (5) below multiplicatively. As a result, commuting costs are proportional
to wages, and hence this specification captures changes over time in the opportunity cost of travel time.
We model the heterogeneity in the utility that workers derive from living and working in different parts
of the city following McFadden (1974) and Eaton and Kortum (2002). For each worker w living in block 7 and
commuting to block j, the idiosyncratic component of utility (2;;,) is drawn from an independent Fréchet

distribution:
F(zi0) = e BE=l T B3>0, e> 1, (2)

where the scale parameter 7; > (0 determines the average utility derived from living in block i, the scale
parameter F; > 0 determines the average utility derived from working in block j; and the shape parameter
€ > 1 controls the dispersion of idiosyncratic utility.

After observing her realizations for idiosyncratic utility for each pair of residence and employment
locations, each worker chooses her blocks of residence and employment to maximize her utility, taking

as given residential amenities, goods prices, factor prices, and the location decisions of other workers and

To simplify the exposition, throughout the appendix, we index a worker’s block of residence by i or r and her block of
employment by j or s unless otherwise indicated.

3For empirical evidence using US data in support of the constant housing expenditure share implied by the Cobb-Douglas
functional form, see Davis and Ortalo-Magné (2011). The role played by residential amenities in influencing utility is emphasized
in the literature following Roback (1982). See Albouy (2008) for a recent prominent contribution.
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firms. Each worker is endowed with one unit of labor that is supplied inelastically with zero disutility.
Combining our choice of the final good as numeraire (p; = p = 1 for all ¢) with the first-order conditions
for consumer equilibrium, we obtain the following demands for the final good and residential land for

worker w residing in block 7 and working in block j:
Cijow = Pwj, 3)

w .
Uiz = (1 — 5 _37

where w); is the wage received by the worker at her block of employment j (recall that commuting costs

(4)

are incurred in terms of utility); (); is the price of residential land at her block of residence ;. We make the
standard assumption that income from land is accrued by absentee landlords and not spent within the city,
although it is also possible to consider the case where it is redistributed lump sum to workers. Substituting
equilibrium consumption of the final good (3) and residential land use (4) into utility (1), we obtain the

following expression for the indirect utility function:

-1
. Bizijwiji

U
dl] ’

)

from which the isomorphic formulation of commuting costs in terms of a reduction in effective units of

labor is apparent.

A.2.2 Distribution of Utility

Using the monotonic relationship between the aggregate consumption index (1) and the idiosyncratic com-
ponent of utility, the distribution of utility for a worker living a block 7 and working at block j is also Fréchet
distributed:

udy; Q1"
. — < — 1)1
Gij(u) =Pr[lU <u|=F <—B¢wj > ,

Gij(u) =™ @ =T,E5 (dzj@} _B>7 (Biw;)*. (6)
From all possible pairs of blocks of residence and employment, each worker chooses the bilateral commute
that offers the maximum utility. Since the maximum of a sequence of Fréchet distributed random variables
is itself Fréchet distributed, the distribution of utility across all possible pairs of blocks of residence and
employment is:

S S
1—-Gu)=1-[[J]e*""

r=1s=1
where the left-hand side is the probability that a worker has a utility greater than u, and the right-hand
side is one minus the probability that the worker has a utility less than w for all possible pairs of blocks of

residence and employment. Therefore we have:

Guy=e™" =) >0, (7)

r=1 s=1



Given this Fréchet distribution for utility, the expected utility from moving to the city is:
E[u] = /00 edu e "du. (8)
0
Now define the following change of variables:
y = du", dy = —edu~ D du. )
Using this change of variables, the expected utility from moving to the city can be written as:
E [u] = /00 ooy~ Ve vy, (10)
0

which can be in turn written as:

€

b, e () o

where I'(+) is the Gamma function; E is the expectations operator and the expectation is taken over the
distribution for idiosyncratic utility. Population mobility implies that this expected utility must equal the
reservation level of utility in the the wider economy:
1/e

=U. (12)

S

S
E [u] = y®Y =~ [Z > T,E, (d.Q)") " (Byw,)

r=1 s=1

A.2.3 Residence and Workplace Choices

Using the distribution of utility for pairs of blocks of residence and employment (6), the probability that a

worker chooses the bilateral commute from i to j out of all possible bilateral commutes within the city is:

ﬂ-i' = Pr [u” Z maX{U/rs};vr7 S] )

- [ Teuw [HHGM g )
s;é] r#i s
/ HHG@ (D = Prsu ™ gy
r=1s=1
:/ ed;u —(eAD =207 gy,
0
Note that:
AL ceue] (o) e (13)
du | @ '

Using this result to evaluate the integral above, the probability that the worker chooses to live in block ¢
and commute to work in block 7 is:

TE; (dijQzl_ﬁ> (Biw;)* D,
Tij = = . (14)

LS E (d.Q17) (B ©
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Therefore workers sort across residence and employment locations depending on their idiosyncratic prefer-
ences and the characteristics of these locations. As discussed above, although we interpret the idiosyncratic
shock as affecting utility, there is an isomorphic interpretation of the model in which the idiosyncratic shock
applies to effective units of labor. Therefore the endogenous sorting of workers across locations implies that
both residence and employment locations differ in the composition of workers in terms of idiosyncratic
draws for utility or effective units of labor. Residential locations with higher values of 7; have higher aver-
age draws of utility (or effective units of labor). Similarly, employment locations with higher values of £
have higher average draws of utility (or effective units of labor). To ensure that the general equilibrium of
the model remains tractable, and because we do not observe worker characteristics in our data, we abstract
from other dimensions of worker heterogeneity besides the idiosyncratic shock to preferences or effective
units of labor.

Summing across all possible employment locations s, we obtain the probability that a worker chooses

to live in block 7 out of all possible locations within the city:

S5 TE, (4@ (B,

TR — =

Zf:l Zsszl T’I‘ES (drs 71"_,8> - (BTU}S>€

Similarly, summing across all possible residence locations 7, we obtain the probability that a worker chooses

(15)

&2

to work in block j out of all possible locations within the city:

Y TE (@) (Bawy)t @,
- ) )

YL S LE (4,Q7) (B

For the measure of workers within block j (Hy;), we can evaluate the conditional probability that they

commute from block ¢ (conditional on having chosen to work in block j):

gy = Prlu; = max{ug;}; Vs],
:/ HGSJ(U)gl](U)dU,
0 s#i

:/ e~ ey u Y du.
0

Using the result (13) to evaluate the integral above, the probability that a worker commutes from block ¢
conditional on having chosen to work in block j is:
TE; <dz‘jQ3_ﬁ>i (Biw;)* ’
_ i

Tijlj = R

S TVE; <dm' %75) (Byw;)*

A

A

which simplifies to:
Tz‘<dz‘jQ3_ﬂ> (B:)*
ST (ds@E) (B

(17)

Tijlg =
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For the measure of residents within block 7 (Hg;), we can evaluate the conditional probability that they

commute to block j (conditional on having chosen to live in block i):

i = Pru;; > max{u}; Vs],

/ H st gz]

S#]
:/ e~ ey u ) du,
0

Using the result (13) to evaluate the integral above, the probability that a worker commutes to block j

conditional on having chosen to live in block ¢ is:

T E; (dz’jQi_B> (Byw;)* P.

Tijli = =5

Zle irzE’s <dsz:_ﬁ> B (Biws)e (I)l

which simplifies to:
- Ej (w;/dij)*
ijle — PR
Zsszl E, (ws/d;s)

These conditional commuting probabilities provide microeconomic foundations for the reduced-form

(18)

gravity equations estimated in the empirical literature on commuting patterns. The probability that a resi-
dent of block : commutes to block 7 depends on the adjusted wage and commuting costs for block j in the
numerator (“bilateral resistance”) but also on the adjusted wage and commuting costs for all other possible
employment locations s in the denominator (“multilateral resistance”).

Commuting market clearing requires that the measure of workers employed in each location j (H ;)
equals the sum across all locations 7 of their measures of residents (H g;) times their conditional probabilities

of commuting to j (7;;),):

S
HM] = Zﬂ-iﬂiHRi (19)

j (w;/dij)* Ho
Zzs VB, (wy/di)”

where, since there is a continuous measure of workers residing in each location, there is no uncertainty in
the supply of workers to each employment location.
Expected worker income conditional on living in block 7 is equal to the wages in all possible employment

locations weighted by the probabilities of commuting to those locations conditional on living in i:

S
i] = Z Tis|iWs, (20)

S

E, (w,/d;s)"
Z Zr L B (wy/dir)*



where [E denotes the expectations operator and the expectation is taken over the distribution for the idiosyn-
cratic component of utility. Intuitively, expected worker income is high in blocks that have low commuting
costs (low d;,) to high-wage employment locations.*

Finally, another implication of the Fréchet distribution of utility is that the distribution of utility condi-
tional on residing in block ¢ and commuting to block 7 is the same across all bilateral pairs of blocks with
positive residents and employment, and is equal to the distribution of utility for the city as a whole. To
establish this result, note that the distribution of utility conditional on residing in block ¢ and commuting

to block j is given by:

%/OUHGM(U) TG gi(v)dv, (21)

s#j r#i S

On the one hand, more attractive residential fundamentals in location ¢ or a higher wage in location j raise
the utility of a worker with a given realization of idiosyncratic utility z, and hence increase the expected
utility of residing in ¢ and working in j. On the other hand, more attractive residential fundamentals or a
higher wage induce workers with lower realizations of idiosyncratic utility 2 to reside in ¢ and work in j,
which reduces the expected utility of residing in 7 and working in 5. With a Fréchet distribution of utility,
these two effects exactly offset one another. Pairs of residence and employment locations with attractive
fundamentals attract more commuters on the extensive margin until expected utility is the same across all

pairs of residence and employment locations within the city.

A.2.4 Production

We follow the canonical urban model in assuming a single final good that is costlessly traded within the
city and the larger economy.’ Final goods production occurs under conditions of perfect competition and
constant returns to scale. For simplicity, we assume that the production technology takes the Cobb-Douglas

form, so that output of the final good in block j (y;) is:
yj = Aj (Hap)™ (Lagg) ™

where A; is final goods productivity; H,; is workplace employment; and L, is floor space used commer-

cially.

“For simplicity, we model agents and workers as synonymous, which implies that labor is the only source of income. More
generally, it is straightforward to extend the analysis to introduce families, where each worker has a fixed number of dependents
that consume but do not work, and/or to allow agents to have a constant amount of non-labor income.

Even during division, there was substantial trade between West Berlin and West Germany. In 1963, the ratio of exports
to GDP in West Berlin was around 70 percent, with West Germany the largest trade partner. Overall, industrial production
accounted for around 50 percent of West Berlin’s GDP in this year (American Embassy 1965).



Firms choose their block of production and their inputs of workers and commercial floor space maximize
profits, taking as given final goods productivity (A;), the distribution of idiosyncratic utility, goods and
factor prices, and the location decisions of other firms and workers. From the first-order conditions for

profit maximization, we obtain:

AN\TS
HMj:(%) L. (22)
J
1—a)A\»
LM]:(%) Hyyj. (23)
J

Therefore, employment in block j is increasing in productivity (A;), decreasing in the wage (w,), and in-
creasing in commercial land use (L ;). Similarly, commercial land use in block j is increasing in produc-
tivity, decreasing in the commercial floor price (¢;), and increasing in employment (/y;).

To determine the equilibrium commercial floor price, ¢;, we use the requirement that profits are zero if

the final good is produced:
Aj (Harg)™ (Lagy)'™" = wiHarj = Lo = 0,

which together with profit maximization (22) yields the following expression for the equilibrium commercial
floor price: )
o\ e L
¢ =(1-a) (w_]) Ajl‘a. (24)
Intuitively, blocks that have higher productivity (A4;) or lower wages (w;) are more attractive production
locations, and hence must be characterized by higher commercial rents in an equilibrium in which firms

make zero profits in all locations with positive production.

A.2.5 Land Market Clearing

Land market equilibrium requires no-arbitrage between commercial and residential land use after taking

into the account the tax equivalent of land use regulations:

0, =1 if ¢ >&Qs,
0, =0 if ¢ <&Qs, (25)
0; €[0,1] if ¢ =&Q;,

(2

where &; > 1 captures one plus the tax equivalent of land use regulations that restrict commercial land use
relative to residential land use. We allow this wedge between commercial and residential floor prices to
vary across blocks.

Therefore floor space in each block is either allocated entirely to commercial use (¢; > §;Q); and 6; = 1),
allocated entirely to residential use (¢; < &;Q); and 6; = 0), or allocated to both uses (¢; = &@); and 6; €
(0, 1)). We assume that the observed price of floor space in the data is the maximum of the commercial and

residential price of floor space: Q; = max{q;, Q);}. Hence the relationship between observed, commercial

10



and residential floor prices can be summarized as:

Qi = @i, ¢ > &Qs, 0
Qi = ¢, ¢ = &Qs, 0
Qi = Qs, ¢ < &Qs, 0

We follow the standard approach in the urban literature of assuming that floor space L is supplied by a

~

1), (26)

m
O =

N

competitive construction sector that uses geographic land K and capital M as inputs. Following Combes,
Duranton, and Gobillon (2014) and Epple, Gordon, and Sieg (2010), we assume that the production function
takes the Cobb-Douglas form: L; = M"K, ¢ Therefore the corresponding dual cost function for floor
space is Q; = p#(1 — p)~WPrR] ", where Q; = max{g,;, Q;} is the price for floor space, PP is the
common price for capital, and R; is the price for geographic land. Since the price for capital is the same
across all locations, the relationships between the quantities and prices of floor space and geographical land

area can be summarized as:

Li = QDZ‘KZ-l_M (27)
Qi = xR; ", (28)

where @; = M/ captures the density of development and Y is a constant.

Residential land market clearing implies that the demand for residential floor space equals the supply
of floor space allocated to residential use in each location: (1 — 6;) L;. Using utility maximization for each
worker and taking expectations over the distribution for idiosyncratic utility, this residential land market

clearing condition can be expressed as:

E [ws|z] HRi
Qi

Commercial land market clearing requires that the demand for commercial floor space equals the supply

E (¢ Hri = (1 — B) = (1-6,) L. (29)

of floor space allocated to commercial use in each location: 6;L;. Using the first-order conditions for profit

maximization, this commercial land market clearing condition can be written as:

((1—04)143‘

1
) Hyj = 0;L;. (30)
gj

A.2.6 Properties of General Equilibrium with Exogenous Location
Characteristics

In this subsection, we characterize the properties of general equilibrium with exogenous location character-
istics. In the next subsection, we relax these assumptions to allow for endogenous agglomeration forces.
We start with a benchmark case in which all locations have strictly positive, finite and exogenous loca-

tion characteristics. In this benchmark case, we show that all locations are incompletely specialized with

®Empirically, we find that this Cobb-Douglas assumption provides a good approximation to the micro data on property trans-
actions for Berlin that we have from 2000-2012.
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positive values of both workplace and residence employment and positive shares of land allocated to com-
mercial and residential use. We prove the existence of a unique general equilibrium for this benchmark case
of incomplete specialization.

We next allow some blocks to have zero workplace and/or residence employment, as observed empir-
ically. We retain the assumption that location characteristics are exogenous. But we extend the analysis
to allow for zero final goods productivity and/or zero residential amenities. We show that a necessary and
sufficient condition for zero workplace employment in a block is zero final goods productivity in that block.
Similarly, a necessary and sufficient condition for zero residence employment in a block is zero residential
amenities in that block. We extend our proof of the existence of a unique general equilibrium to allow for
these empirically relevant cases. Therefore, with exogenous location characteristics, the model has a unique

general equilibrium.

Definition of Equilibrium: We now formally define the general equilibrium of the model. Throughout

the following, we use bold math font to denote vectors or matrices.

Definition A.1 Given the model’s parameters {«, 3, 11, €, K, A, 0,1, p}, the reservation level of utility in the
wider economy U and exogenous location-specific characteristics {T, E, A, B, p, K £, T}, the general equi-
librium of the model is referenced by the vector {mps, g, H, Q, q, w, 6.

The seven elements of the equilibrium vector are determined by the following system of seven equations:

1/e
=U. (31)

s S
v [Z > TE (dnQ)7) " (Byw,)*

Zf:l EES (dngzl_B> - (BZ'U}S)E

erzl Zf:l TTES (drs %7/6)) B (Brws)e
5 1-8) € e
TrEi dm’ r Br i
o = 2! (0. ") (_e W (33)
Zf:l Zf:l TTES (drs 71"_6) (B,-Ujs)E

0;L; = (%) ‘ H. (34)

i

S

ES (ws/dis>6 HRi
; 25:1 E, (wr/dir)ewsl Qi

(8]

1—a) (3) = (36)

(1—=6;) Li=(1-p) [ (35)

q; = ( w;
0, =1 if ¢ > &Q,
0, =0 if ¢ <&Qs, (37)
9, €1[0,1] if ¢ =¢&Q;,
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where recall L; = goiKZ-l_“; (31) is population mobility with the wider economy; (32) corresponds to the
residential choice probabilities; (33) corresponds to the workplace choice probabilities; (34) is commercial
land market clearing; (35) is residential land market clearing; (36) corresponds to profit maximization and

zero profits; (37) corresponds to no arbitrage between alternative uses of land.

Strictly Positive and Finite Exogenous Location Characteristics: We begin by considering a bench-
mark case, in which all blocks have strictly positive, finite and exogenous location characteristics {T', E, A,
B, p, K, &, 7). We allow some blocks to be more attractive than others in terms of these characteristics.
But workers draw idiosyncratic preferences from a Fréchet distribution for pairs of residence and workplace
locations. Therefore, since the support of the Fréchet distribution is unbounded from above, any block with
strictly positive characteristics has a positive measure of workers that prefer that location as a residence
or workplace at a positive and finite price. Hence, all blocks with finite positive wages attract a positive

measure of workers, and all blocks with finite positive floor prices attract a positive measure of residents.

Lemma A.1 Assuming strictly positive, finite and exogenous location characteristics (I; € (0,00), E; €
(0,00), A; € (0,00), B; € (0,00), ¢; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), each
location i with a strictly positive and finite wage (w; € (0,00)) attracts a strictly positive measure of workers
(Hyri € (0,00)), and each location with a strictly positive and finite floor price (Q; € (0, 00)) attracts a strictly

positive measure of residents (Hg; € (0, 00)).

Proof. Both properties follow immediately from the support of the Fréchet distribution being unbounded
from above. For a strictly positive and finite wage (w; € (0, 00)) for location ¢, there is a positive measure of
workers who draw a large enough value of the idiosyncratic shock z,; for each residence location r that their
preferred workplace is ¢. Hence, from (18), the conditional probabilities of commuting from each residence
locations r to workplace ¢ are strictly positive for w; € (0, c0). Additionally, for a strictly positive and finite
floor price (Q; € (0,00)) for location i, there is a positive measure of workers who draw a large enough
value of the idiosyncratic shock z;s that their preferred residence is ¢ for each workplace s. Therefore,
from (17), the conditional probabilities of commuting from 7 to each workplace s are strictly positive for
Q; € (0,00). m

We next show that blocks with strictly positive, finite and exogenous location characteristics {T', E, A,
B, ¢, K, £, T} must have strictly positive and finite values of both wages and floor prices in equilibrium. The
reason is that the utility and production function satisfy the Inada conditions. Therefore, given a positive
measure of workers, the return to commercial land use becomes large as the fraction of land allocated to
commercial use becomes small. Similarly, given a positive measure of residents, the return to residential
land use becomes large as the fraction of land allocated to residential use becomes small. Since locations
attract positive measures of workers and residents at any finite positive wage and floor price, it follows that

positive fractions of land must be allocated to both commercial and residential use.

Lemma A.2 Assuming strictly positive, finite and exogenous location characteristics (I; € (0,00), E; €
(0,00), A; € (0,00), B; € (0,00), p; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), all
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locations are incompletely specialized and allocate positive fractions of land to commercial and residential use:

6; € (0,1).

Proof. This property follows from the support of the Fréchet distribution being unbounded from above
and from the utility and production functions both satisfying the Inada conditions. Lemma A.1 implies that
each location with strictly positive and finite wages (w; € (0, 00)) attracts a strictly positive measure of

workers (Hy; € (0, 00)). But profit maximization and commercial land market clearing imply:

Huyi\*
¢ =(1—a)A4, (m) ;

which in turn implies (i) limg, ,0q; = oo for A; € (0,00) and Hy; € (0,00); (ii) ¢; € (0,00) for all
0; € (0,1], A; € (0,00) and Hy;; € (0,00). Therefore a positive fraction of land must be allocated to
commercial use: §; > 0. Additionally, Lemma A.1 implies that each location with strictly positive and finite
values of both amenities (B; € (0, 00)) and floor prices (@Q); € (0, c0)) attracts a strictly positive measure of

residents (Hp; € (0, 00)). But utility maximization and residential land market clearing imply:

el E, (ws/dis)e i
Qi=(1-5) [Z S5 E, (wr/di»ewsl 0T

s=1
which in turn implies (i) lim_g,)—o Q; = oo for Hg; € (0, 00); (ii) Q; € (0,00) for all (1 —6;) € (0,1] and

Hp; € (0,00). Therefore a positive fraction of land must be allocated to residential use: (1 — 6;) > 0. =

Having shown that the assumption of strictly positive, finite and exogenous location characteristics

implies incomplete specialization, we are now in a position to establish the following proposition.

Proposition A.1 Assuming strictly positive, finite and exogenous location characteristics (I; € (0,00), E; €
(0,00), 4; € (0,00), B; € (0,00), p; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), there

exists a unique general equilibrium vector {pg, TR, H, Q, q, w, 0).

Proof. With strictly positive, finite and exogenous location characteristics (7; € (0,00), E; € (0,00),
A; € (0,00), B; € (0,00), ¢; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), locations are
incompletely specialized and the no-arbitrage condition between alternative uses of land (25) holds, which
implies that commercial floor prices can be expressed in terms of residential floor prices: ¢; = &;Q);. Using
this result together with the probability of residing in a location (15), the probability of working in a location
(16), the zero-profit condition (24), and the indifference condition between the city and the larger economy

(12), the fraction of the city’s population residing in location ¢ can be written as:

e = () S (10) (-0

while the fraction of the city’s population working in location 7 can be written as:

mi = = (1 )ZTE 4:Q1?) " (Bl = )'Faa?) (6Qi)"

e(l a)
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and expected worker income conditional on residing in block 7 (20) can be written as:

& B4 Q)T Jd) e
el ; S5 B (A7 (6Q0) 7 Jdi ) (- %t Q)

Using commercial land market clearing (30) and residential land market clearing (29), the requirement that

the land market clears can be written as:

Combining the above relationships, the land market clearing condition can be written as:

S’L 9 52 Q’L

11—« P i (1— a) o aA“l‘
i QA ]Z T.E, S
) [(Est) s=1 ( disQl P (€,Q0) 5 )

€

1
Bs(1—a) @ ozA“
Dz(Q):< &Qz > Zs 1Ts z( ) a)
L _l-a
S_l Es (As (%Q@) o /diS) L
TS B (AE &Qr)~ " /dr

1—
+2 3

for all i, where we have chosen units in which to measure utility so that (U/vy)¢/H = 1. The above land
market clearing condition provides a system of S equations in the S unknown residential floor prices @);

for each location 7, which has the following properties:

C%H_I}OD {(Q) = oo > Ly, Qliiinoo D;(Q) =0 < Ly,
Q) D@ (@] i)

dQ); dQi dQ);

It follows that there exists a unique vector of residential floor prices @ that solves this system of land
market clearing conditions. Commercial floor prices follow immediately from g = £Q. Having solved for
the vectors of floor prices {Q, g}, the vector of wages w follows immediately from the zero-profit condition
for production (24). Given floor prices {Q, g} and wages (w), the probability of residing in a location (7w g)
follows immediately from (15), and the probability of working in a location (7ps) follows immediately
from (16). Having solved for {mps, ™R, Q, g, w}, the total measure of workers residing in the city can
be recovered from our choice of units in which to measure utility (U/v)/H = 1), which together with

population mobility (12) implies:

S

> > TE (dQ)P) " (B

r=1 s=1
We therefore obtain Hy; = wpsH and Hr = wrH. Given floor prices {Q, q} and employments {H ;,
H g}, the fraction of land that is used commercially () follows immediately from commercial and residential

land market clearing. This completes the determination of the equilibrium vector {mwys, wg, H, Q, q, w, 6}.
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Allowing for Zero Workplace and/or Residence Employment: A corollary of lemmas A.1 and A.2
is that a necessary and sufficient condition for zero workplace employment and zero commercial land use
in a block is zero final goods productivity. Similarly, a necessary and sufficient condition for zero residence

employment and zero residential land use in a block is zero amenities.

Lemma A.3 Assuming strictly positive, finite and exogenous location characteristics (I; € (0,00), E; €
(0,00), ¢; € (0,00), K; € (0,00), & € (0,00), 75 € (0,00) x (0,00)):

(i) a necessary and sufficient condition for zero workplace employment (H;; = 0) and zero commercial land
use (0; = 0) is zero final goods productivity (A; = 0) for location 1,

(ii) a necessary and sufficient condition for zero residence employment (Hp; = 0) and zero residential land use

(1 — 6;) = 0) is zero amenities (B; = 0) for location i.

Proof. From lemma A.1 and the conditional probability of commuting to location 7 conditional on living in
each residence location r (18), a necessary and sufficient condition for H);; = 0 for workplace 7 is w; = 0.
From the first-order conditions for profit maximization (22) and (23), a necessary and sufficient condition for
w; = 0and 6; = 0is A; = 0. From lemma A.1 and the conditional probability of commuting from location ¢
conditional on working in each workplace s (17), a necessary and sufficient condition for Hp; = 0is B; = 0.
From residential land market clearing (29), a necessary and sufficient condition for (1 —6;) = 0is Hg; = 0,

which is ensured by B; = 0. m

From lemma A.3, a necessary and sufficient condition for a block to have both no commercial activity
and no residential activity is A; = 0 and B; = 0. Such blocks with no economic activity play no direct
role in the model but affect the general equilibrium in so far as they affect travel times (7;;) between blocks
with positive economic activity. We now use the results from lemma A.3 to generalize Proposition A.1 to
prove that there exists a unique equilibrium given exogenous location characteristics once we allow blocks
to have no commercial activity and/or no residential activity.

From (26), lemmas A.1-A.3 and no-arbitrage between alternative uses of land, we can summarize the
relationships between the observed price of floor space (Q;), the price of commercial floor space (g;), the

residential price of floor space (();), and land use as:

Q, = CmiGis Cmi =1, i€Sy = {4 >0,B; =0}, (38)
’ Cumi, Cvi = 1, i€Ss = {A;,>0,B; >0}

Q - CriQi, Cri = 1, i€Sr = {A4;=0,B;>0},
' CriQs, Cri = &, ie€Ss = {4, >0,B; >0}

where ();; and (g; relate observed floor prices to commercial and residential floor prices respectively; Sy
is the set of locations specialized in commercial activity (§; = 1); S is the set of locations with both
commercial and residential activity (f; € (0,1)); and S is the set of locations specialized in residential
activity (6; = 0).

From (38), these relationships between the observed, commercial and residential prices of floor space

{Qi, @i, Q;}, and the allocation of land between commercial and residential use {#;, 1 —6,}, are a function solely

16



of the exogenous locational characteristics {A, B, £}. We now use this property to generalize Proposition

A.1 to allow blocks to have no commercial activity and/or residential activity.

Proposition A.2 Assuming exogenous, finite and strictly positive location characteristics (T; € (0,00), F; €
(0,00), p; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), and exogenous, finite and non-
negative final goods productivity A; € [0,00) and residential amenities B; € [0,00), there exists a unique

general equilibrium vector {wyr, TR, H, Q, q, w, 0.

Proof. The proof follows a similar structure as for Proposition A.1. For locations that are completely

specialized in commercial activity (¢ € &)y), the land market clearing condition can be written,

1 1—o é €
DA@):(%)”‘ 3 TsEZ-(d.BS(l‘“’ aAnaa) — L,

SEFSUS R (Qs/Crs) P (Qs)

For locations that are incompletely specialized in commercial and residential activity (: € ), the land

market clearing condition can be written:

(1-a)d; | @ TV BBy (1-0) 5% aA® )
D(@) = (L) a Z ( s i s(l—a) o Oiai )
' Q& SESgUS R dsi(@s/CRs)liﬁ(Qi)lT

1 1—o € 1—a 1
& /d; (A—o)y=5= e LN E
- B (45 (@) '5 /) (U525 aat | 1Y B (1) 5
+Qi/€m Z I “1-a e - = = L.
SG%A/IU%S Z ET(ATO( (QT) @ /dz'r) SE%A{U%S dlé(QZ/CRz) (Qs) @
reFUSg

For locations that are completely specialized in residential activity (i € $g), the land market clearing
condition can be written:

1 l—a € 11—« 1

B (48 @) 15 /) (9525 aat | e /e o ANC

1— Qs T '*Es'“B;(1— a aAf

Di(Q) = §72 P B ( ' e ) = L.
¢ ‘ SES N USg Zf:l K, (A;*x (@r)_T/dir> SES N USg d’LS(QZ/CRz) (QS) @

We have again chosen units in which to measure utility so that (U /v)¢/H = 1. The above land market
clearing conditions provide a system of S equations in the S unknown observed floor prices QQ; for each

location 7, which has the following properties:

éigo D;i(Q) = 0o > Ly, @1131 Di(Q) =0 < Lj,
dD;(Q) dD;(Q) dD;(Q) dD;(Q)
" Tag <7 ‘ . |~ ‘ aQ,

It follows that there exists a unique vector of observed floor prices QQ that solves this system of land market
clearing conditions. Having determined (Q, commercial floor prices (q) and residential floor prices (Q)
follow immediately from the relationship between floor prices (38) as a function of the exogenous locational
characteristics {A, B, &}. The remainder of the equilibrium vector follows from exactly the same arguments

as for Proposition A.1. m

We use Proposition A.2 to undertake counterfactuals for division and reunification, in which we treat
location characteristics as exogenous and hold them constant at their values before division or reunifica-
tion. Since the model features a unique equilibrium with exogenous location characteristics, these coun-
terfactuals yield determinate predictions for the impact of division and reunification on the organization of

economic activity within the city.
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A.2.7 Properties of General Equilibrium with Agglomeration Forces

We now relax the assumption that productivity (A;) and amenities (B;) are exogenous. We examine how
the introduction of endogenous agglomeration forces affects the properties of the general equilibrium of
the model. We decompose productivity (A;) and amenities (B;) into two components, one of which is
exogenous and captures location fundamentals, and the other of which is endogenous to the surrounding

concentration of economic activity and captures agglomeration forces.

Agglomeration Forces: We allow final goods productivity to depend on production fundamentals (a;)
and production externalities (1';). Production fundamentals capture features of physical geography that
make a location more or less productive independently of the surrounding density of economic activity
(for example access to natural water). Production externalities impose structure on how the productivity
of a given block is affected by the characteristics of other blocks. Specifically, we follow the standard ap-
proach in urban economics of modeling these externalities as depending on the travel-time weighted sum

of workplace employment density in surrounding blocks:’

S
i
Aj=a X}, Y=Y et (%) . A>0,0>0. (39)

s=1

where H s/ K is workplace employment density per unit of geographical land area; production externali-
ties decline with travel time (7;,) through the iceberg factor e °%s € (0, 1]; § determines their rate of spatial
decay; and )\ controls their relative importance in determining overall productivity.®

We model the externalities in workers’ residential choices analogously to the externalities in firms’ pro-
duction choices. We allow residential amenities to depend on residential fundamentals (b;) and residential
externalities (£2;). Residential fundamentals capture features of physical geography that make a location a
more or less attractive place to live independently of the surrounding density of economic activity (for ex-
ample green areas). Residential externalities again impose structure on how the amenities in a given block
are affected by the characteristics of other blocks. Specifically, we adopt a symmetric specification as for
production externalities, and model residential externalities as depending on the travel-time weighted sum

of residential employment density in surrounding blocks:

S
- (Hpg
Bi = bZQn, QZ = —pTis (12 s > O, > O, 40
z ; c < X ) n=0,p2 (40)
where Hp,/ K is residence employment density per unit of geographical land area; residential externalities
decline with travel time (7;5) through the iceberg factor e *7« € (0, 1]; p determines their rate of spatial

decay; and 7 controls their relative importance in overall residential amenities.

"While the canonical interpretation of these production externalities in the urban economics literature is knowledge spillovers,
as in Alonso (1964), Fujita and Ogawa (1982), Lucas (2000), Mills (1967), Muth (1969), and Sveikauskas (1975), other interpretations
are possible, as considered in Duranton and Puga (2004).

8We make the standard assumption that production externalities depend on employment density per unit of geographical
land area K; (rather than per unit of floor area L;) to capture the role of higher densities of development ¢; (higher ratios of
floor space to geographical land area) in increasing the surrounding concentration of economic activity.
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Equilibrium Properties with Agglomeration Forces: We begin by establishing some properties of
the general equilibrium of the model with agglomeration forces. Production externalities (1';) are modeled
as the travel time weighted sum of workplace employment density throughout the city. Therefore, since
travel time within Berlin is finite, production externalities are strictly positive for all blocks for a finite spatial
decay of production externalities (¢), as long as workplace employment is positive somewhere within Berlin:
T; >0forall j € {1,...,5}if Hys > 0 for some s € {1,...,S} and 0 < § < oo. Similarly, residential
externalities (£2;) are modeled as the travel time weighted sum of residence employment density throughout
the city. Therefore, since travel time within Berlin is finite, residential externalities are strictly positive for
all blocks for a finite spatial decay of residential externalities (p), as long as residence employment is positive
somewhere within Berlin: Q; > Oforalli € {1,...,S}if Hg, > Oforsomes € {1,...,S}tand0 < p < occ.

We now combine this result that production and residential externalities are strictly positive and finite
with the properties that (i) the support of the Fréchet distribution is unbounded from above and (ii) the utility
and production functions satisfy the Inada conditions. From these results, if all location characteristics
are strictly positive for all blocks, it follows that all blocks will be incompletely specialized with positive
fractions of land allocated to commercial and residential use. We therefore have the following generalization

of Lemmas A.1 and A.2 to the case of endogenous agglomeration forces.

Lemma A.4 Assume (i) strictly positive, finite and exogenous location fundamentals (T; € (0,00), E; €
(0,00), a; € (0,00), b; € (0,00), p; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), (ii)
endogenous agglomeration forces (\,n > 0), (iii) finite spatial decays of agglomeration externalities (0 < § <
00 and () < p < o0):

(i) Each location i with a strictly positive and finite wage (w; € (0,00)) attracts a strictly positive measure of
workers (Hyy; € (0,00)), and each location with a strictly positive and finite floor price ((); € (0, 00)) attracts
a strictly positive measure of residents (Hg; € (0,00)).

(ii) Any equilibrium with positive workplace and residence employment somewhere in the city (Hyr;, Hg; > 0
for some j,i € {1,...,S}) is characterized by incomplete specialization, with all locations allocating positive

fractions of land to commercial and residential use: 0; € (0, 1).

Proof. The proof of the lemma follows exactly the same structure as the proof of Lemmas A.1 and A.2
above. Since the support of the Fréchet distribution is unbounded from above, any location with strictly
positive and finite wages (w; € (0, 00)) attracts a strictly positive measure of workers (Hy;; € (0, 00)). But

profit maximization and commercial land market clearing imply:

Hyi \
¢ =(1—a)aT) <ﬁ) ,

which in turn implies (i) limg, ¢ ¢; = oo for a; € (0,00), T; € (0,00) and Hyy; € (0,00); (ii) ¢; € (0, 00) for
allf; € (0,1],a; € (0,00), T; € (0,00) and Hyy; € (0, 00). Therefore a positive fraction of land is allocated
to commercial use: 6; > 0. Additionally, each location with strictly positive and finite values of residential

fundamentals (b; € (0, 00)), residential externalities (€2; € (0, o)) and floor prices (Q; € (0, 00)) attracts a
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strictly positive measure of residents (Hg; € (0, 00)). But utility maximization and residential land market

clearing imply:
S

ES (ws/dis)e HRi
Qi = (1 - ﬁ) cWs ,
; 25:1 E, (w,/di) (1—10:) L

which in turn implies (i) lim _g,)—o Qi = oo for Hp; € (0, 00); (ii) Q; € (0,00) for all (1 —6;) € (0,1] and

Hp; € (0,00). Therefore a positive fraction of land is allocated to residential use: (1 — ;) > 0. =

Since production externalities are strictly positive (T; > 0), an immediate corollary of Lemma A.4 is
that a necessary and sufficient condition for zero workplace employment and zero commercial land use
in a block is zero production fundamentals (a; = 0). Similarly, since residential externalities are strictly
positive (£2; > 0), an immediate corollary of Lemma A.4 is that a necessary and sufficient condition for zero

residence employment and zero residential land use in a block is zero residential fundamentals (b; = 0).

Lemma A.5 Assume (i) strictly positive, finite and exogenous location characteristics (I; € (0,00), E; €
(0,00), p; € (0,00), K; € (0,00), & € (0,00), 735 € (0,00) x (0,00)), (ii) endogenous agglomeration forces
(\,n > 0), (iii) finite spatial decays of agglomeration externalities (0 < 6 < oo and (0 < p < o0). In any
equilibrium with positive workplace and residence employment somewhere in the city (Hyj, Hr; > 0 for some
Jied{l,...,S}):

(i) a necessary and sufficient condition for zero workplace employment (H);; = 0) and zero commercial land
use (0; = 0) is zero production fundamentals (a; = 0) for location 1,

(ii) a necessary and sufficient condition for zero residence employment (Hgr; = 0) and zero residential land use
(1 — 6;) = 0) is zero residential fundamentals (b; = 0) for location i.

Proof. From lemma A.4 and the conditional probability of commuting to location 7 conditional on living in
each residence location r (18), a necessary and sufficient condition for H,;; = 0 for workplace 7 is w; = 0.
From the first-order conditions for profit maximization (22) and (23), a necessary and sufficient condition for
w; = 0 and §; = 0is A; = 0. From the productivity specification (39), a necessary and sufficient condition
for A; = 0is a; = 0 since T; > 0. From lemma A.4 and the conditional probability of commuting from
location ¢ conditional on working in each workplace s (17), a necessary and sufficient condition for Hg; = 0
is B; = 0. From residential land market clearing (29), a necessary and sufficient condition for (1 — 6;) =0
is Hp; = 0, which is ensured by B; = 0. From the amenities specification (40), a necessary and sufficient

condition for B; = 0isb; = O since {2, > 0. m

Potential for Multiple Equilibria: As is standard in urban models, the presence of endogenous agglom-
eration forces introduces the potential for multiple equilibria into the model: Each agent’s location decision
depends on productivity and amenities, but productivity and amenities in turn depend on the location de-
cisions of all agents. Whether or not multiple equilibria exist depends on the strength of the agglomeration

forces relative to the size of the exogenous differences in location characteristics (T, E, a, b, ¢, K, §, T).
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The strength of agglomeration forces depends on both their contribution to productivity and amenities (),
7)) and their spatial decay with travel times (4, p).

In our calibration of the model in Section A.3 below, we show that there exists a one-to-one mapping
from known values of the model’s parameters {«, (3, i, €, K, A, 9, 1, p} and the observed data {Q, H s, Hpg,
K, 7} to adjusted values of the unobserved location characteristics {a;, ZN)Z», ©;}. These adjusted values of the
location characteristics take into account other variables that enter the model isomorphically to {a;, b;, ©;},
as discussed further in Section A.3 below. We show below that this mapping from the observed equilibrium
and the model’s parameters to the unobserved adjusted location characteristics is unique, irrespective of
whether this observed equilibrium is unique or one of several possible equilibria (see Propositions A.3
and A.4). Therefore, given known values of the parameters, the model can be calibrated to the observed
equilibrium and used to recover unique values of the unobserved adjusted location characteristics.

In our structural estimation in section A.4 below, we estimate both the model’s parameters and the
unobserved adjusted location characteristics. We use the property that the adjusted location characteristics
are structural residuals of the model that are one-to-one functions of the observed data and parameters.
We use these structural residuals and the exogenous variation from Berlin’s division and reunification to
construct moment conditions in terms of the model’s parameters. In principle, these moment conditions
need not uniquely identify the model parameters, because the objective function defined by them need not
be globally concave. For example, there could be multiple local minima corresponding to different equilibria
of the model with different parameter values. In practice, we find that the objective function is well behaved
in the parameter space, and that these moment conditions determine a unique parameter vector. We find

that this parameter vector takes similar values for both division and reunification.

A.3 Calibration

In this section, we show how the model can be calibrated to recover unique adjusted location characteris-
tics given known values of the model’s parameters {a, 3, p, €, k, A, 6, 1, p} and the observed data {Q, Hp,
Hy,, K, 7}. We show that there is a one-to-one mapping from these known parameters and the observed
data to the adjusted location characteristics {a;, l~)i, @i }. Therefore these unobserved adjusted location char-
acteristics correspond to structural residuals of the model that are one-to-one functions of the parameters
and the observed data. We use these results to construct moment conditions in the structural estimation of
the model in Section A.4, where both the parameters {«, 3, u, €, K, A\, 0, 1, p} and the unobserved adjusted
location characteristics {a;, l;i, @i } are unknown and to be estimated.

In addition to establishing the one-to-one mapping from the parameters and observables to the un-
observables, we demonstrate two other important results in this section. First, the model has a recursive
structure. Given a subset of the model’s parameters {«, (3, 1, €, x}, there is a one-to-one mapping from these
parameters and the observed data {Q, Hgr, Hys, KK, T} to the unobserved adjusted location characteristics
{fli, B;, @i }. Therefore, overall adjusted productivity (A;), overall adjusted amenities (3;) and the adjusted
density of development (¢;) can be uniquely determined irrespective of whether they are exogenous or

endogenous. Furthermore, overall adjusted productivity (4;) and amenities (B;) can be determined irre-
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spective of the relative importance of their components of externalities {Y;, €;} and adjusted fundamentals
{a, bi.

Second, a number of other unobservables enter the model isomorphically to production fundamentals
(a;), residential fundamentals (b;) and the density of development (p;). Therefore we absorb these other
unobservables into adjusted values of production fundamentals (a;), residential fundamentals (b;) and the
density of development (¢;). Corresponding to these adjusted values of production and residential funda-
mentals {@;, b;}, there are adjusted values of final goods productivity (4;) and residential amenities (13;).
Given the model’s parameters and the observed data, we can uniquely determine these adjusted location

characteristics {fL, Bi, D, Q) l;Z}

A.3.1 Determining {A, B, @} from {a, B, i, €, K} and the Observed Data

We begin by establishing the one-to-one mapping from the subset of parameters {«, 3, 11, €, k} and the ob-
served data {Q, Hg, H)ys, K, T} to adjusted final goods productivity, residential amenities and the density

of development {A, B, @}. To do so, we use the recursive structure of the model.

1. Given {¢, k} and the observed data {Hg, H s, T}, the equilibrium wage vector {w} can be uniquely
determined from the commuting market clearing condition alone independently of the other equilib-

rium conditions of the model.

2. Given {¢, K, (, i}, the observed data {Q, Hgr, Hyy, T} and wages {w}, adjusted residential amenities

{B} can be uniquely determined from residential choice probabilities.

3. Given{e, K, a, 1}, the observed data {Q, Hg, H s, T} and wages {w}, adjusted final goods productivity

{A} can be uniquely determined from profit maximization and zero profits.

4. Given {¢, k, a, 3, i}, the observed data {Q, Hgr, H s, K, T}, and wages and adjusted productivity {w,

A}, the adjusted density of development {(} can be uniquely determined from land market clearing.
In the remainder of this subsection, we consider each of these steps in turn.

A.3.1.1 Wages

Given the parameters {¢, x} and observed data { Hps, Hg, T}, commuting market clearing (19) provides a
system of equations in observed workplace and residence employment that determines a unique adjusted

wage vector (W) up to a normalization (a choice of units in which to measure wages):

S <E1/Ew‘/e"‘”ﬂ'>6
7 J

Hyj =
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Adjusted wages (0; = E;/

“w;) capture (i) wages (w;) in employment location j and (ii) the Fréchet scale
parameter that determines the average utility (or effective units of labor) for commuters to that employ-
ment location (£);). Note that E’J1 / enters the commuting market clearing condition isomorphically to w;.
Therefore only the composite adjusted wage (w;) can be recovered from the data. From lemmas A.1-A.3, all
locations with zero workplace employment have zero adjusted wages.

We now show that this commuting market clearing condition determines a unique adjusted wage (0,)
for each location 7 = 1,...,S. Note that the commuting market clearing condition (41) can be re-written
as the following excess demand system:

S ~ €
- (w;/d;;) ;
D; (%) = Hyj — Y L Hp=0,  dyy = e, (42)
! Ty (W /dsy) ’

We use H); € R to denote the observed non-negative vector of workplace employment with elements

Hyy; given by the data; Hp, € R denotes the observed non-negative vector of residence employment with
elements Hp;, given by the data; 7;; € ﬁRi X §R§r denotes the observed bilateral travel time between blocks ¢
and j; and @ € N7 is the unknown non-negative adjusted wage vector with elements ;. The system (42)

captures the requirement of zero excess demand for commuters at the adjusted wage vector .

Lemma A.6 Given the parameters {e, k} and observables {H);, Hp, T}, the wage system (42) exhibits the
following properties in w:

Property (i): D(w) is continuous.

Property (ii): D(w) is homogenous of degree zero.

Property (iii): . g D; (w) = 0 for all € RY.

Property (iv): D(w) exhibits gross substitution:

D, (4

D) g ralljkj £k forallid € RS,
8wk

D. (i

OD; () fran; for all® € RS
3wj

Proof. Property (i) follows immediately by inspection of (42).
Property (ii) follows immediately by inspection of (42).
Property (iii) can be established by noting:

s s S =S (g N
ZD;’ (w) = ZHMJ' - Z 2221 (Z]/d”) Hp;

Property (iv) can be established by noting:
9D; (w) _ > (@;/dij)° & (g ) dug)* 07
= - s
icS [ZSGS (s /dss) }

Hp; > 0.
Oy, R
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and using homogeneity of degree zero, which implies:
VD (w)w =0,

and hence:
oD; (w)
0w;

Therefore we have established gross substitution. m

<0 forallj  forallw € RS.

Lemma A.7 Given the parameters {e, k} and observed data {H ;, H, T}, there exists a unique adjusted wage

vector w* € R such that D(w*) = 0.

Proof. We first show that the adjusted wage system D (w) has at most one (normalized) solution using
the properties established in Lemma A.6. Gross substitution implies that D (w) = D (@’) cannot occur
whenever w and W’ are two adjusted wage vectors that are not colinear. By homogeneity of degree zero,
we can assume W’ > w and w; = @} for some j. Now consider altering the adjusted wage vector w' to
obtain the adjusted wage vector w in S — 1 steps, lowering (or keeping unaltered) the adjusted wage of all
the other S — 1 locations k& # j one at a time. By gross substitution, the excess demand for labor in location
j cannot decrease in any step, and because w # W', it will actually increase in at least one step. Hence
D; (w) > D; (w') and we have a contradiction.

We next establish that there exists an adjusted wage vector w* € R% such that D(w*) = 0. By ho-
mogeneity of degree zero, we can restrict our search for an equilibrium adjusted wage vector to the unit
simplex A = {’LD e RY: Zle W; = 1}. Define on A the function D (-) by D} (%) = max {D; (@), 0}.
o [@W; 4+ D (w)]. We have a (@) > 1 for all .

j=1
Define a continuous function f (-) from the closed convex set A into itself by:

f (@) = [1/a(®)] [@+ D (w)] .

Note that D (-) is continuous. Denote a (0) = >

Note that this fixed-point function tends to increase the wages of locations with excess demand for com-
muters. By Brouwer’s Fixed-point Theorem, there exists w* € A such that w* = f (w0*).

Since Zle D; (w) = 0, it cannot be the case that D, (w) > Oforall j = 1,...,5 or D; (w) < 0O for
all j = 1,...,S. Additionally, if D; (w) > 0 for some j and Dy, (w) < 0 for some k # j, w # f (w). It
follows that at the fixed point for wages, w* = f (w*), and D; (w) = O for all j. m

Homogeneity of degree zero of the commuting market clearing condition (41) implies that the equilib-
rium adjusted wage vector is unique up to a normalization. We impose the normalization that the geometric
mean adjusted wage is equal to one, as discussed further in subsection A.3.1.5 below.

In our estimation of the commuting gravity equation, it proves convenient to re-write the commuting
market clearing condition (41) in terms of a composite parameter v = ek that captures the semi-elasticity of

commuting flows with respect to travel times and a transformation of adjusted wages (w;; = w5, = Ejw$,):

al UTijt

Wit/ €
Hyjo = it) Hpis.- (43)

i=1 Zf:l Wt /€Tt
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The commuting market clearing condition (43) exhibits the same properties in transformed wages (w;;) as

established for adjusted wages (10;;) in Lemmas A.6 and A.7 above.

A.3.1.2 Adjusted Residential Amenities

Given the parameters {3, i, ¢, K}, observed data {Q, Hps, Hg, T} and the above solutions for adjusted
wages {0}, the residential choice probabilities (15) and population mobility (12) determine a unique vector
of adjusted residential amenities (B) up to a normalization. From the residential choice probabilities (15)

and population mobility (12), we have:

BT (Hp\* QF
Uy \H) wHe
where W, is a measure of commuting market access:

S
W; = Z E; (ws/dis)e ) dis = "%

s=1

and these expressions can be equivalently rewritten as:

7352' _ Hpi\ © @3_5 (44)
U \H ) w/
S

VVi - Z (ws/dis)e 5 dis = e""Ts, (45)
s=1

For locations s € Sg U S with positive residence employment, residential floor prices are related to
observed floor prices through Qs = (rsQs, where (i) (gs = & if s € g and (ii) (gs = 1 otherwise.
Adjusted residential amenities (B; = BiTZ-l/ ¢ }12;5 ) include (i) residential amenities (B;), (ii) the Fréchet scale
parameter (7;) that determines the average utility (or effective units of labor) for commuters from location
1, and (iii) the relationship between observed and residential floor prices (Cg;). The parameter (g; captures
land use regulations that introduce a wedge between commercial and residential floor prices (¢;), where we
allow this wedge (¢;) to vary across blocks. Note that Til/ “and ngﬁ enter residential choice probabilities
isomorphically to B;. Therefore only the composite adjusted residential amenities (B;) can be recovered
from the data. Additionally, from lemmas A.1-A.3, all locations with zero residential employment have zero
residential amenities.

We choose units in which to measure residential amenities such that the geometric mean of residential
amenities is equal to one: EZ = 1, where a bar above a variable denotes a geometric mean. Therefore,

dividing through by the geometric means in (44), residential amenities can be determined from:
Bi _ (Hr\* (@) Wi\
L) @) W)
B; Hp; Qs Wi
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A.3.1.3 Final Goods Productivity

Given the parameters {«, i, €, s}, observed data {Q, Hps, Hr, T} and the above solutions for adjusted
wages {w}, profit maximization and zero profits (24) determine a unique vector for adjusted productivity
(A) up to the normalization chosen for adjusted wages. For all locations with positive workplace employ-

ment, we require:

g =(1—a) (wi) A;‘%*. (47)
a\ e 1
a-o-a(F) A

where ¢; denotes the price of commercial floor space and (Q; denotes the observed price of floor space.

For locations s € ) U3¢ with positive workplace employment, commermal floor prlces are related to
observed floor prices through ¢, = Q. Adjusted final goods productivity (A]1 * = E| Ee) A1 "‘) captures
(i) final goods productivity (A;) in an employment location and (ii) the Fréchet scale parameter that deter—

mines the average utility (or effective units of labor) for commuters to that location (E;). Note that E -
_1

enters the zero-profit condition isomorphically to A,;~*. Therefore only the composite adjusted final goods
productivity (fl]) can be recovered from the data. Additionally, from lemmas A.1-A.3, all locations with

zero workplace employment have zero final goods productivity.

Lemma A.8 Given the parameters {o, i, €, Kk}, observed data {Q, H);, Hg, T} and the solution for adjusted
wages {0*), there exists a unique vector of adjusted final goods productivities A* € RS such that the zero

profit condition (47) holds for all locations with positive workplace employment.

Proof. The lemma follows immediately from the zero-profit condition (47). m

A.3.1.4 Land Market Clearing

Given the parameters {«, (3, i, €, k}, the observed data {Q, H s, Hg, K, T} and the above solutions for ad-
justed wages and final goods productivity {, A}, the land market clearing condition determines a unique
vector for the adjusted density of development ().

For all locations with positive workplace employment, we can solve for adjusted commercial land use

from commercial land market clearing (30):

Ww; 1-a
wi= ()" )
o (5)
Mi — O[/L Mty

where adjusted commercial land use satisfies L Mi = Ej1 /L wmi. From lemmas A.1-A.3, all locations with

zero workplace employment have zero adjusted commercial land use ([: vi = Ly = 0).
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For all locations with positive residence employment, we can solve for adjusted residential land use from

residential land market clearing (29):

s (E;/Ews/dis)e ™
Lpi=(1-0 cw, | o, (49)
wo ; S (B w, /i ) "le
[ S ~
7 (s /dis)* - | Hri
L P — 1 - B S )
S ; PO (wr/dw)ew] Qi

where (); denotes the price of residential floor space and QQ; denotes the observed price of floor space.

Adjusted residential land use is defined as:

L R L C . Tfl T/ %r .
Ri RiSRi ZR (s /dis)€ Ws
s=1 5 (wr/dir)* BV

(50)

The parameter (r; allows for land use regulations that introduce a wedge between commercial and resi-
dential floor prices (;), where we allow this wedge (&;) to vary across blocks. The fraction in (50) controls
for the difference between adjusted wages (w; = El1 / ‘w;) and actual wages (w;). From lemmas A.1-A.3, all
locations with zero residence employment have zero adjusted residential land use (E ri = Lg; = 0).
Combining these solutions for adjusted commercial and residential land use, we can solve for the ad-

justed density of development (p;) from land market clearing:

= @Z’Kil_u7 (51)

where the adjusted density of development ((;) relates adjusted floor space (L;) to observed geographical
land area (K;).

Lemma A.9 Given the parameters {o, (3, 1, €, k), observed data {Q, H,;, Hg, K, T} and the solutions for
adjusted wages and final goods productivity {i*, A*), there exists a unique vector of the adjusted density of
development @* € R such that the land market clearing condition (51) holds for all locations.

Proof. The lemma follows immediately from the land market clearing condition (51) together with com-

mercial land market clearing (48) and residential land market clearing (49). m

From commercial land market clearing (48) and residential land market clearing (49), we can also solve

for the fractions of adjusted floor space (L) allocated to commercial use (6;) and residential use (1 — 6;):

1 i if Hy; >0 and HRiZO;
0; LMLTLR if Hpy; >0 and Hp; >0, (52)
0 if Hy; =0 and HRz’>0-
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A.3.1.5 Utility, Amenities and Productivity

To abstract from changes in currency units over time, we divide observed floor prices in each year by their
geometric mean for that year. Therefore observed floor prices () are normalized to have a geometric
mean of one in each year. Furthermore, as discussed above, we also normalize adjusted wages (w) and
adjusted residential amenities (B) to each have a geometric mean of one in each year. We now discuss the
implications of these normalizations for the choice of units in which variables are measured.

First, the normalization of observed floor prices and wages to each have a geometric mean of one in-
volves a choice of units in which to measure adjusted final goods productivity (A), as can be seen from the
zero profit condition (47). Second, the normalization of observed land prices, adjusted wages and adjusted
residential amenities to each have a geometric mean of one also implies a choice of units in which to mea-
sure utility. This can be seen from the population mobility condition, which implies that the reservation

level of utility in the wider economy (U) satisfies:

s s q1/€
[Z Y LB (d@y ) (Buwy)| =T, (53)
r=1 3:51 ) 6: 1/6
T (Ba)| -0
r=1 s=1 ]

where v = T (tl); ['(+) is the Gamma function; and we have used w; = Eil/ewi and BZ = BZ-TZ»I/6 }1?;6.
Third, the choice of units in which to measure floor prices, adjusted wages and adjusted final goods pro-
ductivity in turn implies a choice of units in which to measure the adjusted density of development (),
as can be seen from commercial land market clearing (48), residential land market clearing (49) and overall
land market clearing (51).

We make these normalizations for each year separately. But we recognize that the absolute levels of
adjusted amenities (B), adjusted final goods productivity (fi), the adjusted density of development (), and
the reservation level of utility in the wider economy (U) could change over time (and in particular could
change before and after division or reunification). Therefore the moment conditions in our estimation use
“difference-in-difference,” where the first difference is before and after division (or reunification) and the
second difference is between different parts of West Berlin. These moment conditions only exploit relative
changes in floor prices and other variables between different parts of West Berlin. This use of relative
changes implies that our estimation results are invariant to the choice of units in which to measure floor
prices, wages, adjusted amenities, adjusted final goods productivity, the adjusted density of development
and utility. Similarly, this use of relative changes implies that our estimation results are unaffected by
changes over time in the absolute levels of adjusted amenities, adjusted final goods productivity, the adjusted

density of development or the reservation level of utility in the wider economy.

A.3.1.6 One-to-One Mapping from {«, 3, i1, ¢, Kk} and the Observed Data to {A, B, §}

We now combine the results in the above lemmas to establish a one-to-one mapping from the parameters
{a, B, 11, €, k} and the observed data {Q, Hps, Hg, K, T} to the unobserved values of adjusted final goods
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productivity, residential amenities and the density of development {A, B, @} for each location.

Proposition A.3 Given the model’s parameters {«, 3, i, €, k} and the observed data {Q, Hyy, Hr, K, T},
there are unique vectors of adjusted final goods productivity (A*), residential amenities (B*), and the density
of development (p*) that are consistent with the data being an equilibrium of the model.

Proof. The proposition follows immediately from lemmas A.6-A.9 above. m

Proposition A.3 establishes a one-to-one mapping from known parameter values and the observed data
to the unobserved location characteristics. The intuition for why the mapping in Proposition A.3 is unique
even in the presence of multiple equilibria is that the observed data, parameters and structure of the model
contain enough information to uniquely determine the unobserved location characteristics.

Given observed floor prices and wages (which can be determined from observed employment), we can
use profit maximization and zero profits to determine the value that adjusted productivity must take in
order for the data to be an equilibrium of the model (equation (24)). Similarly, given observed floor prices,
observed residential employment and wages (which can be determined from observed employment), we can
use utility maximization and population mobility to determine the value that adjusted amenities must take
in order for the data to be an equilibrium of the model (equation (15)). Finally, using the implied demands
for commercial and residential floor space and market clearing for floor space, we can recover the value that
the adjusted density of development must take in order for the data to be an equilibrium of the model. These
relationships based on profit maximization, zero profits, utility maximization, population mobility and land
market clearing hold irrespective of whether productivity, amenities and the density of development are
exogenous or endogenous (since agents are atomistic and take the behavior of others as given).

Proposition A.3 also highlights the model’s recursive structure. Given known parameter values, over-
all adjusted productivity (A;) can be determined irrespective of the relative importance of its two compo-
nents of production externalities (1;) and adjusted production fundamentals (a;). Similarly, overall adjusted
amenities (B;) can be determined irrespective of the relative importance of its two components of residen-
tial externalities (2;) and adjusted residential fundamentals (b;). In the next subsection, we examine how

overall adjusted productivity and amenities can be broken down into their two components.

A.3.2 Determining {a, I~)} from {o, 3, u, €, Kk, \, 0, n, p} and the Observed Data

We now establish the one-to-one mapping from the full set of parameters {«, 5, u, €, &, A, d, 1, p} and the
observed data {Q, Hg, Hjs, K, T} to adjusted production fundamentals and residential fundamentals {a,
b}. This involves decomposing adjusted productivity and amenities {A, B} into their two components of
externalities {Y, €2} and fundamentals {a, l~)}

We have already established a one-to-one mapping from the subset of parameters {«, 5, u, €, k} and the
observed data to adjusted productivity {A}. From our specification of productivity (39), there is in turn a

one-to-one mapping from adjusted productivity {A} and the parameters {), 0} to production externalities
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and adjusted production fundamentals {Y, a}:

a; = AZ'TZ-_A, Tz =

s
H
—57; Ms
o M2 54
3B 59
a; =AY
where adjusted production fundamentals (a; = Ela / “‘a;) captures (i) production fundamentals (a;) and (ii)
the Fréchet scale parameter that determines the average utility from commuting to an employment location
(E;). Note that Ela /¢ enters adjusted final goods productivity isomorphically to a;. Therefore only the
composite adjusted production fundamentals (@;) can be recovered from the data. Additionally, from lemmas
A.1-A.5, all locations with zero workplace employment have zero productivity and hence zero production

fundamentals.

Lemma A.10 Given the parameters {o, B3, p, €, k, A, 0, 1, p}, the observed data {Q, H,;, Hp, K, T} and
the solution for adjusted final goods productivity [A*), there exists a unique vector of adjusted production

fundamentals a* € R?.
Proof. The lemma follows immediately from productivity (54). m

We have also already established a one-to-one mapping from the subset of parameters {a, [, u, €, &}
and the observed data to adjusted amenities {B}. From our specification of amenities (40), there is in turn a
one-to-one mapping from adjusted amenities {B} and the parameters {1, p} to residential externalities and

adjusted residential fundamentals {€2, b}:

) H
bi = B, Q= [Z 67’%] 7 (55)
b = B;Q; ",

where adjusted residential fundamentals (b; = biTil/ ¢ }gﬁ ) include (i) residential fundamentals (b;), (ii) the
Fréchet scale parameter that determines the average utility (or effective units of labor) for commuters from
location ¢ (7}), and (iii) the relationship between observed and residential floor prices ((r;). As discussed
above, the parameter (p; includes the effects of land use regulations that introduce a wedge between com-
mercial and residential floor prices (§;), where we allow this wedge (¢;) to vary across blocks. Note that
Til/ “ and C}%;B enter adjusted residential fundamentals isomorphically to b;. Therefore only the composite
value of adjusted residential fundamentals (b;) can be recovered from the data. Additionally, from lem-
mas A.1-A.5, all locations with zero residential employment have zero amenities and hence zero residential

fundamentals.

Lemma A.11 Given the parameters {o, 3, i, €, k, \, 0, 1, p}, the observed data {Q, Hy;, Hp, K, T} and the

solution for adjusted residential amenities [B*), there exists a unique vector of adjusted residential fundamentals
b* € RS.
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Proof. The lemma follows immediately from residential amenities (55). m

Combining the results in lemmas A.10 and A.11, we are in a position to establish the following propo-

sition.

Proposition A.4 Given the model’s parameters {o, [3, i, €, k, A, 0, 1, p} and the observed data {Q, H s, Hp,
K, T}, there are unique vectors of adjusted production fundamentals (@* ) and adjusted residential fundamentals

(b*) that are consistent with the data being an equilibrium of the model.

Proof. The proposition follows immediately from Proposition A.3 and lemmas A.10-A.11. =

Therefore the earlier Proposition A.3 established a one-to-one mapping from the known parameters
and the observed data to adjusted productivity (A), amenities (B), and the density of development ().
Proposition A.4 goes further in establishing a one-to-one mapping from the known parameters and the
observed data to the two components of adjusted productivity and amenities: production and residential
externalities {Y, (2} and adjusted production and residential fundamentals {a, l;}

As for the earlier Proposition A.3, the results in Proposition A.4 hold regardless of whether the model
has a unique equilibrium or there are multiple equilibria. The reason is again that the observed data, known
parameters and structure of the model contain enough information to uniquely determine the unobserved
location characteristics. In Section A.4 below, we discuss the case when both the parameters and the unob-
served location characteristics are unknown and to be estimated.

This completes our characterization of the one-to-one mapping from the known parameters {«, 3, 4, €,

K, A, 0, 1, p} and the observed data {Q, Hys, Hgr, K, T} to the unobserved location characteristics {¢p, a, I;}

A.4 Structural Estimation

We now turn to the structural estimation of the model, where both the parameters and the unobserved
location characteristics are unknown and to be estimated. First, in subsection A.4.1, we use the results from
the previous section to express the unobserved production and residential fundamentals {a, l;} as one-to-one
functions of the observed data {Q, Hp;, Hgr, K, 7} and the parameters {o, 3, u, €, K, A, 9, 1, p}. Therefore
these unobserved location characteristics correspond to structural residuals of the model that are functions
of the observed data and parameters.

Second, in subsection A.4.2, we construct moment conditions using these structural residuals and the
exogenous variation provided by Berlin’s division and reunification. Third, in subsection A.4.3, we show
how these moment conditions can be used to estimate the model’s parameters using the Generalized Method
of Moments (GMM). Fourth, in subsection A.4.4 we discuss the computationally demanding optimization
problem over the parameter vector and the algorithms that we use to solve this problem.

Fifth, in subsection A.4.5 we discuss how the moment conditions identify the parameters and character-
ize the properties of the GMM objective function in the parameter space. We show that the GMM objective
has a unique global minimum in the parameter space. We therefore find that there is only a single parameter

vector that is consistent with the data under our identifying assumptions.
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A.4.1 Structural Residuals

We first use the results of the previous section to write unobserved production and residential fundamen-
tals as structural residuals that are functions of the parameters and observed data. Of the model’s eight
parameters, the share of residential floor space in consumer expenditure (1 — /3), the share of commercial
floor space in firm costs (1 — «), and the share of land in construction costs (1 — p) are hard to determine
from our data, because information on consumer expenditures and factor payments at the block level is not
available over our long historical sample period. As there is a degree of consensus about the value of these
parameters, we set them equal to central estimates from the existing empirical literature. We set the share of
residential floor space in consumer expenditure (1 — ) equal to 0.25, which is consistent with the estimates
in Davis and Ortalo-Magné (2011). We assume that the share of commercial floor space in firm costs (1 — «)
is 0.20, which is in line with the findings of Valentinyi and Herrendorf (2008). We set the share of land in
construction costs (1 — ) equal to 0.25, which is consistent with the estimates in Combes, Duranton, and
Gobillon (2014) and Epple, Gordon, and Sieg (2010) and with micro data on property transactions for Berlin
from 2000-2012.

Given these values for {«, 3, u}, we use the observed data X = [Q Hp; Hgr K 7] andthe structure of
the model to estimate the six parameters determining the strength of agglomeration forces and commuting
costs A = [v e A 0 1 p|' (wWhere v = €k is the semi-elasticity of commuting flows with respect to travel
times) and the unobserved characteristics for each location ® = [4,5 a l;} . From profit maximization and
zero profits (47) and productivity (54), the structural residual for adjusted production fundamentals can be

written as the following function of the parameters and observed data:

~ j e ~ e -
HONOIGN
ag Qt Wy T,

where we now make time explicit with the subscript ¢ and a bar above a variable denotes a geometric mean

so that Q, = exp{% 255:1 In Qg }; adjusted wages (10;;) are a function of observed workplace employment,
residence employment and travel times {H ys;¢, H i, 7;;:} from commuting market clearing (41); production
externalities (1;;) are a function of observed workplace employment, geographical land area and travel

times {H prit, K;, Tt}
S
_ _6Tist HMSt
Ty = € 7
K,
s=1

From the residential choice probabilities (15), the expected utility from moving to the city (53) and amenities
(55), the structural residual for adjusted residential fundamentals can be written as the following function

of the parameters and observed data:
b () () () () &
bt HRt Qt Wt Qt

S H S
Qit = Z e—PTist%’ VVit — [Z (wst/enﬂ'sz)e] 7
s=1 s
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and a bar above a variable again denotes a geometric mean; adjusted wages (w;;) are again a function of
observed workplace employment, residence employment and travel times {H ys;:, H g1, 7;j¢} from commut-
ing market clearing (41); residential externalities (£2;;) are a function of observed residence employment,
geographical land area and travel times {Hg;;, K;, 7;;:}; commuting market access (W;;) is a function of
adjusted wages (10;;) and observed travel times (7;;).

We solve for these structural residuals for all of Berlin before the war and after reunification and for
West Berlin during division. To structurally estimate the model’s parameters, we focus on the impact of
division and reunification on West Berlin, since it remained a market economy and hence we expect the
mechanisms in the model to apply.’

We assume that each structural residual consists of a time-invariant fixed effect ({a!, lN)f } and a time-
varying stochastic shock ({@);, bY,}. Taking differences before and after division (or before and after reunifi-
cation), the fixed effects are differenced out, and we obtain the following expression for the relative changes

in the structural residuals across blocks within West Berlin:

Aln <§—§) =(1-a)Aln <%’:> +aAln (%) —AAlIn (%) : (58)

BX 1 Hpit Qit 1 Wi Qi
o () ) o () o)) o

Rt t t t
bt

where a bar above a variable again denotes a geometric mean.

The structural residuals in (58) and (59) correspond to double differenced production and residential
fundamentals. The first difference is before and after division (or before and after reunification) and is
denoted by the time-difference operator (A) in (58) and (59). This first difference eliminates any time-
invariant fixed effects in production and residential fundamentals, where we allow these fixed effects to be
correlated with the endogenous variables of the model. The second difference is across blocks within West
Berlin and is reflected in the normalization relative to the geometric mean in (58) and (59). This second
difference eliminates variables that are common across blocks within each time period (e.g. the reservation
level of utility, ;). It also ensures that our results are invariant to the choice of units in which to measure
production and residential fundamentals, since this choice of units is common across blocks and hence is

differenced out.

A.4.2 Moment Conditions

Our moment conditions exploit the exogenous change in the surrounding concentration of economic ac-
tivity induced by Berlin’s division and reunification. Our identifying assumption is that double differenced
log adjusted production and residential fundamentals are uncorrelated with a set of indicator variables (I

for k € {1,..., K1}) capturing proximity to economic activity in East Berlin prior to division. Based on the

°In contrast, the distribution of economic activity in East Berlin during division was heavily influenced by central planning,
which is unlikely to mimic market forces.
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results of our reduced-form regressions, we measure proximity to economic activity in East Berlin using

distance from the pre-war CBD, and use 50 indicator variables for percentiles of this distance distribution:
E [I; x Aln (az/a;)] =0, ke{l,..., Ky}, (60)

E []Ik x Aln (Bit/it)} —0, kell,.. K} (61)

This identifying assumption requires that the systematic change in the gradient of economic activity in
West Berlin relative to the pre-war CBD following division is explained by the mechanisms in the model
(the changes in commuting access and production and residential externalities) rather than by systematic
changes in the pattern of structural residuals (production and residential fundamentals). Since Berlin’s divi-
sion stemmed from military considerations during the Second World War and its reunification originated in
the wider collapse of Communism, the resulting changes in the surrounding concentration of economic ac-
tivity are plausibly exogenous to changes in production and residential fundamentals in West Berlin blocks.

Since the moment conditions (60)-(61) are based on double differences in adjusted production and res-
idential fundamentals, they only exploit relative variation across different areas within West Berlin. Any
changes in the attractiveness of West Berlin relative to the larger economy that are common across loca-
tions within West Berlin are differenced out. We do not use moment conditions in the adjusted density
of development (¢;) in our estimation, because the density of development could in principle respond to
changes in the relative demand for land across locations within West Berlin as a result of the mechanisms
in the model (the changes in commuting access and production and residential externalities).

We augment these moment conditions for production and residential fundamentals with two other mo-
ment conditions that use data on commuting travel times and wages for West Berlin during division. The
first of these moment conditions requires that the total number of workers commuting for less than 30 min-
utes in the model is equal to the corresponding number in the data. From the commuting market clearing
condition (43), this moment condition can be expressed as:

S wip eV

E ﬁHM]t - S HRit = 07 (62)
iez?‘;j Zs:l wSt/eyTiﬁ

where v = ex; ¥ is the fraction of workers that commute for less than 30 minutes in the data; w; = w5, is
a measure of transformed wages from solving the commuting market clearing condition (43); and X; is the
set of residence locations ¢ within 30 minutes travel time of workplace location j.

The second of these moment conditions requires that the variance of log adjusted wages (0;; = wilt/ ‘) in

the model is equal to the variance of wages in the data (o, wir):
E[(1/e)’In (wjr)” = 0, ] = 0, (63)

where transformed wages (w;) depend solely on v, workplace employment, residence employment and
travel times from the labor market clearing condition (43); we normalize transformed wages so that the
mean of log transformed wages is zero. The parameter € scales the variance of log adjusted wages (w;)

relative to the variance of log transformed wages (w;).
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A.4.3 GMM Estimation

In this subsection, we briefly review the Generalized Method of Moments (GMM) estimator (Hansen 1982,
Cameron and Triveldi 2005) as applied to our setting.

One-Step GMM Estimator: Observations are indexed by ¢ € {1, ..., N}. The observed data are given
by the N x 5 vector X = [Q Hp; Hr K T7|. There are M moment conditions and P parameters in the

P x 1vector A = [v e k \Jn p|'. Our moment conditions can be written as:

N
M (A) = %me,m 0, (64)
=1

where m(X;, A) is the moment function. The one-step GMM estimator solves:

N N
AGMM = arg min (% ;m(X,-, A)’) W (% ;m(Xz, A)> (65)

where the weighting matrix W is the identity matrix. The estimated variance-covariance matrix for the

one-step GMM estimates V([&GMM) is:
V(Acun) (@fw@)‘l (Gwewe) (@fw@)‘l,
where G is the estimated M x P Jacobian of the M/ moment conditions with respect to the P parameters:
i m(X;, A)
— ON’
The White (1980) heteroscedasticity robust estimator of the matrix S is:

N
1 - A
i=1

To allow for spatial correlation of the structural errors, we report standard errors based on the Conley (1999)

(66)

Acmm

heteroscedasticity and autocorrelation consistent (HAC) estimator of the matrix S:

o1& LY :

S=So++ ;w(j) ;1 (m(X, Aym(X, 5, A) + m(X, -, Aym(X, AY') (67)
which can be written as:

XJ: (S + S’) (68)

where J is the maximum spatial lag between observations and w(j) is a spatial weight that is equal to one if
the spatial distance is less than the specified maximum spatial lag and zero otherwise. We set the maximum

spatial lag equal to 0.5 kilometers.
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Two-Step (Efficient) GMM Estimator: The two-step (efficient) GMM estimator uses the efficient (opti-

mal) weighting matrix (S_l) and solves:

N N
" ) 1 o 1
AgMM = argmin <N i_E 1 m(XZ,A)/> St (N ;_1 m(Xz,A)> ,

where S is computed using the heteroscedasticity robust and autocorrelation consistent (HAC) estimator
(67) evaluated at the one-step GMM parameter estimates (Aca). The estimated variance-covariance matrix
for the two-step GMM estimates f/([ngM) is:

A 1 /~,~ ;~\"1

V('AgMM) - N (GIS_1G> )

where G is computed using (66) evaluated at the efficient GMM parameter estimates (AZ,,,,); S is computed

using (67) evaluated at the efficient GMM parameter estimates (AZ ).

A.4.4 Estimation Algorithms

The GMM estimator chooses the values of the model’s parameters A = [v € A 0 1 p| to minimize the
GMM objective function (65). This optimization routine searches over alternative parameter vectors and
evaluates the moment function m(X;, A) for each parameter vector. Evaluating the moment function for
each parameter vector in turn involves solving a fixed point problem for the adjusted wage vector (w) that
solves the commuting market clearing condition (42). Solving this fixed point problem is computationally
demanding, because it involves solving for adjusted wages in 15, 937 blocks, where the matrix of commuting
probabilities includes 15,937 x 15,937 = 254 million bilateral commuting flows. We now discuss the
algorithms that we use to solve these problems and estimate the model’s parameters.

We first discuss the algorithm that we use to solve the fixed point problem for adjusted wages and hence
evaluate the moment function m(X;, A) for each parameter vector. We next discuss the algorithms that

we use to search over alternative parameter vectors to minimize the GMM objective function.

Algorithms for evaluating the moment function for each parameter vector: To evaluate the mo-
ment function for each parameter vector, we use the recursive structure of the model, as characterized in

Section A.3 above:

1. Given v and the observed data {Hg, Hys, T}, the equilibrium adjusted wage vector {w} can be
uniquely determined (up to a normalization) from the commuting market clearing condition (42)

alone independently of the other equilibrium conditions of the model.

2. Given {v, ¢, (3, u}, the observed data {Q, Hg, H s, 7} and solutions for adjusted wages {w}, adjusted

amenities {B} can be uniquely determined (up to a normalization) from residential choices (46).

3. Given {v, ¢, a, i}, the observed data {Q, Hg, H s, T} and solutions for adjusted wages {w}, adjusted
productivity {A} can be uniquely determined from the zero profit condition (47).
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4. Given {v, €, «, 3, i}, the observed data {Q, Hgr, Hys, K, T}, and solutions for adjusted wages and
adjusted productivity {w, A}, the adjusted density of development {¢¢} can be uniquely determined

from land market clearing (51).

5. Given {v, €, a, 3, i1, A, 6}, the observed data {Q, Hgr, Hps, K, T}, and solutions for adjusted produc-
tivity {A)}, adjusted production fundamentals {a} can be determined from the specification of produc-
tivity (54)

6. Given {v, €, a, (3, u, n, p}, the observed data {Q, Hgr, Hys, K, T}, and solutions for adjusted residen-
tial amenities {B}, adjusted residential fundamentals {b} can be determined from the specification of

residential amenities (55)
We now consider these steps in turn.

1. The commuting market clearing condition (42) can be written as follows:

where C(w) is the matrix of commuting probabilities. Lemma A.3 establishes that locations without
positive workplace employment must have zero productivity and a zero wage. Furthermore, locations
with zero residence employment supply zero commuters to all workplace locations. Therefore, we set
adjusted wages equal to zero for all locations with zero workplace employment, and we set commuting
probabilities equal to zero for all source locations with zero residence employment and all destination
locations with zero workplace employment. Hence, we can reduce the dimensionality of the system of
equations (69), such that H s is a Ny, x 1 vector, where N}, is the number of locations with positive
workplace employment; Hp is a Np x 1 vector, where Np in the number of locations with positive
residence employment; and C(w) is a Nj; X Ng matrix. Note that Lemmas A.6-A.7 establish that the
wage system (42) satisfies gross substitution and has a unique equilibrium. Therefore we solve for
this unique equilibrium using the following iterative procedure. We guess an initial adjusted wage
vector 1/7\10 and evaluate the matrix of commuting probabilities C({I\)O) to generate estimated workplace
employment (f{\ ) given observed residence employment (H g). If estimated workplace employment
is less than observed workplace employment for a location, we increase our guess of the adjusted wage
for that location. If estimated workplace employment is greater than observed workplace employment
for a location, we decrease our guess of the adjusted wage for that location. To update the adjusted

wage for a location, we compute an intelligent wage adjustment factor using the numerator of the
~1 — 1/e = .. . .
commuting probabilities in (19): w = (H m/H M) wy. We use this intelligent adjustment factor
~2 ~1 ~0
to update our guess of the wage vector tow = (0.5 x @ ) + (0.5 X w ). We then repeat the above
process using this new guess for the adjusted wage vector @ until the wage system converges. Since

the wage system (69) satisfies gross substitution, this iterative procedure converges rapidly to the

unique equilibrium adjusted wage vector.
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2. Solving for adjusted wages is the only computationally-intensive component of the evaluation of
the moment function m(X;, A). Having solved for adjusted wages {w}, we can solve for adjusted
amenities {B}, adjusted productivity {A}, the adjusted density of development {3}, adjusted produc-
tion fundamentals {@}, and adjusted residential fundamentals {b} from simple manipulations of single
equations in Steps 2-6 above, as shown in Propositions A.3 and A.4 in sections A.3.1 and A.3.2 of this

web appendix respectively.

Algorithms for minimizing the GMM objective function with respect to the parameter vector:
Having discussed our algorithms to evaluate the moment function for each parameter vector A =[ve A dn p|,
the algorithms for minimizing the GMM objective function with respect to the parameter vector are straight-
forward. The estimation is undertaken in Matlab. To minimize the GMM objective function with re-
spect to the parameter vector, we experimented with using both derivative-based constrained optimization
routines (e.g. fmincon and the Knitro plug-in ktrlink for Matlab) and non-derivative-based
constrained optimization methods (e.g. patternsearch and simulannealbnd from the Global
Optimization Toolbox). To characterize the properties of the GMM objective in the parameter
space, we also undertook a grid search over the parameter space. As discussed in subsection A.4.5 below,
the GMM objective is well-behaved in the parameter space. Therefore we obtain similar parameter estimates
from these alternative optimization routines and from alternative initial conditions. The results reported in

the paper are estimated using patternsearch.

Computational Time: Evaluating the moment function for a given parameter vector A = [v e A § 1 p|’,
and hence solving for adjusted wages for 15,937 blocks for this parameter vector, takes around 30 seconds
of computing time on the latest generation of desktop computers. This process also uses a large amount
of RAM to store the 15,937 x 15,937 = 254 million elements of the matrix of commuting probabilities.
Minimizing the GMM objective function with respect to the parameter vector takes a few days on the latest
generation of desktop computers. Therefore we trial code on a random sample of 25 percent of blocks on the
latest generation of desktop machines. This reduces the number of blocks for which we solve for adjusted
wages and amenities to 3,984 and hence reduces the size of the matrix of commuting probabilities to 1.59
million elements. Once the code is up and running, we estimate the model for the full sample of blocks using
the computer cluster of the Humboldt University of Berlin. Minimizing the GMM objective with respect to

the parameter vector takes less than one day for the full sample using this computer cluster.

A.4.5 Identification

We now discuss how the moment conditions identify the parameters A = [v € A § i) p|’ and show the proper-
ties of the moment conditions in the parameter space. We begin with the semi-elasticity of commuting flows
with respect to travel times (v). From the commuting market clearing condition (43), bilateral commuting
flows depend solely on the parameter v, transformed wages w;; and observed workplace employment, resi-

dence employment and travel times. A higher value of v implies that commuting flows decline more rapidly
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with travel times, which implies that a larger fraction of workers commute for less than thirty minutes in
the commuting moment condition (62). The recursive structure of the model implies that none of the other
parameters {¢, A, 9, 7, p} affect the commuting moment condition (¢ only enters through v = €k). To char-
acterize the properties of the commuting moment condition in the parameter space, we undertake a grid
search over 20 possible values of v (from 0.01 to 0.20). In Figure A.3, we display the value of the commuting
moment condition for West Berlin for division for each value of v. As apparent from the figure, the moment
condition has a unique global minimum that identifies v.

We next consider the Fréchet shape parameter determining the heterogeneity of commuting decisions

(€). A higher value of € implies a smaller dispersion in adjusted wages (w;;) in the wage moment condition
2

(63) for a given dispersion of transformed wages (wy), since of 5. = (1/ €)’ ol w,,- From the commuting
market clearing condition (43), transformed wages (w;;) depend solely on the parameter v and observed
workplace employment, residence employment and travel times. The recursive structure of the model im-
plies that none of the other parameters {\, d, 7, p} affect the wage moment condition. To characterize the
properties of the wage dispersion moment condition in the parameter space, we undertake a grid search
over 20 possible values of € (from 6 to 12) for our estimated value of v. In Figure A.4, we display the value
of the wage dispersion moment condition for West Berlin during division for each value of €. As shown in
the figure, the moment condition has a unique global minimum that identifies e.

We now turn to the production parameters {\, 0}, which only enter the moment condition (60) for
adjusted production fundamentals, and do not affect any of the other moment conditions (since these pa-
rameters merely decompose A, into its components). In the data, we observe a decline in floor prices (Q;)
in the areas of West Berlin close to the Berlin Wall. From profit maximization and zero profits (47), these
falls in floor prices together with the change in wages (w;;) determine the change in adjusted productivity
(A;;), which includes both production externalities (Y;;) and adjusted production fundamentals (a;;).

The division of Berlin implies a reduction of production externalities (Y;;) for the parts of West Berlin
close to the Berlin Wall. If this reduction in production externalities does not fully explain the change in
adjusted productivity (A;) close to the Berlin Wall, the remainder is explained by a change in adjusted
production fundamentals (a;;). In Figure A.5, we show the mean changes in log adjusted production funda-
mentals following division across the distance grid cells from the pre-war CBD used in the estimation for
(i) the estimated parameters, (ii) for stronger agglomeration forces (larger A and J than estimated) and (iii)
for weaker agglomeration forces (smaller A and § than estimated). As shown in Figure A.5, the production
parameters {)\, 0} are chosen to make the mean changes in log adjusted production fundamentals (58) as flat
as possible across the distance grid cells.

The parameter A determines the overall impact of the lost production externalities on productivity, while
the parameter ¢ determines the spatial decay of the lost production externalities with travel time from the
pre-war CBD. To characterize the properties of the production fundamentals moment conditions in the
parameter space, we undertake a grid search over 20 possible values of A (from 0.02 to 0.10) and 20 possible
values of § (from 0.01 to 0.101) for our estimated values of v and € (400 parameter configurations). In Figure

A.6, we display the sum of the squared mean changes in log adjusted production fundamentals across the
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distance grid cells for our baseline specification pooling division and reunification. We construct contours
through this sum of squared mean changes in log adjusted production fundamentals for the 400 values of (),
0) in the parameter space (shown on the x and y axes). As shown in the figure, the sum of the squared mean
changes in log adjusted production fundamentals has a unique global minimum in the parameter space that
identifies (A, §).

Finally, we consider the residential parameters {1, p}, which only enter the moment condition (61) for
adjusted residential fundamentals, and do not affect any of the other moment conditions (since these pa-
rameters merely decompose By, into its components). In the data, we observe a decline in floor prices (Q;;)
and residence employment (Hg;) close to the pre-war CBD. Furthermore, the model implies a decline in
commuting market access (W;;) close to the pre-war CBD, because of the loss of access to employment op-
portunities in East Berlin. To the extent that the fall in residence employment is not completely explained
by these changes in floor prices and commuting market access, the remainder will be explained by a re-
duction in adjusted amenities (B,-t), which include residential externalities (£2;;) and adjusted residential
fundamentals (b;;).

The division of Berlin implies a reduction of residential externalities (£2;;) for the parts of West Berlin
close to the Berlin Wall. If this reduction in residential externalities does not fully explain the reduction in
adjusted amenities (B;,) close to the Berlin Wall, the remainder will be explained by a change in adjusted
residential fundamentals (b;;). In Figure A.7, we show the mean changes in log adjusted residential funda-
mentals following division across the distance grid cells from the pre-war CBD used in the estimation for
(i) the estimated parameters, (ii) for stronger agglomeration forces (larger 7 and p than estimated) and (ii)
for weaker agglomeration forces (smaller 7 and p than estimated). As shown in Figure A.7, the residential
parameters {1, p} are chosen to make the mean changes in log adjusted residential fundamentals (59) as flat
as possible across the distance grid cells.

The parameter 7 determines the overall impact of the lost residential externalities on amenities, while
the parameter p determines the spatial decay of the lost residential externalities with travel time from
the pre-war CBD. To characterize the properties of the residential fundamentals moment conditions in
the parameter space, we undertake a grid search over 20 possible values of 7 (from 0.11 to 0.18) and 20
possible values of p (from 0.31 to 1.01) for our estimated values of v and € (400 parameter configurations).
In Figure A.8, we display the sum of the squared mean changes in log adjusted residential fundamentals for
our baseline specification pooling division and reunification. We construct contours through this sum of
squared mean changes in log adjusted residential fundamentals for the 400 values of (7, p) in the parameter
space (shown on the x and y axes). As shown in the figure, the sum of the squared mean changes in log
adjusted residential fundamentals has a unique global minimum in the parameter space that identifies (7,
p)-

Intuitively, production and residential externalities are separately identified from one another, because
production externalities are inferred from firm choices about production, while residential externalities are
inferred from worker choices of residence. In particular, overall productivity (A;;) is obtained from profit

maximization and zero profits, and productivity is separated into externalities (1;;) and fundamentals (a;;)
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using the surrounding density of workplace employment. In contrast, overall amenities (B;;) are obtained
from utility maximization and population mobility, and amenities are separated into externalities (£2;;) and

fundamentals (b;;) using the surrounding density of residence employment.

A.5 Counterfactuals

Exogenous Location Characteristics: To solve for the counterfactual effects of division in the special
case of the model with exogenous productivity, amenities and the density of development, we use the
following solution algorithm. We assume values for the model’s parameters {«, £, u, v, €} and use the
calibrated values of the adjusted location characteristics from the initial equilibrium before division {A;,
B;, $;}. We capture the division of Berlin in the model by assuming infinite costs of trading the final good,
infinite commuting costs (x — 00), infinite rates of decay of production externalities (0 — 00), and infinite
rates of decay of residential externalities (p — 00) across the Berlin Wall.

Equilibrium total city population depends on the reservation level of utility (U) in the wider economy.
Furthermore, our estimates of the model’s parameters and the treatment effect of division are invariant with
respect to U, because they are based on relative comparisons between areas of West Berlin close to and far
from the Berlin Wall (see section A.4.2). Therefore we choose U so as to ensure that the total employment
of West Berlin (/) is equal to its value in the data in 1986 during division.

We assume starting values for floor prices, adjusted wages and the fraction of adjusted floor space used
commercially from the initial equilibrium before division {Q?, @Y, ). Given these starting values, we use
the equilibrium conditions of the model to solve for new predicted values for these endogenous variables

for the divided city {Q}, w0} 01}
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If the new predicted values for the endogenous variables of the model are equal to the starting values:
{ 1 ~zl7€zl} - {@0 ~?’0?}

we have found the unique equilibrium for the divided city. If the new predicted values for the endogenous
variables of the model are not equal to the starting values, we update the endogenous variables of the model

using a weighted average of the starting values and the new predicted values:

Q; =<Q) + (1 —¢)Qj, (82)
W? = ) + (1 — ¢)wy,

07 =<0 + (1 — <)},

where 0 < ¢ < 1. We continue to solve the system of equations for the equilibrium conditions of the model
until the endogenous variables converge to the unique equilibrium of the divided city.

As shown in Lemmas A.1-A.3, any location ¢ € Jg = {121Z >0,B; > 0} with strictly positive values of
both productivity and amenities remains incompletely specialized; any location ¢ € &), = {/Nli >0,B; =
0} with strictly positive productivity and zero amenities remains completely specialized in commercial
activity; and any location i € S = {121z =0,B; > 0} with zero productivity and strictly positive amenities
remains completely specialized in residential activity. Furthermore, as shown in Proposition A.2, the general
equilibrium of the model with exogenous location characteristics is unique. Therefore, the above algorithm
converges rapidly to this unique equilibrium, and these counterfactuals yield determinate predictions for
the impact of division on the pattern of economic activity within West Berlin.

We solve for reunification using a directly analogous solution algorithm. We capture the reunification
of Berlin in the model by allowing costless trade of the final good, finite commuting costs equal to x, finite
rates of decay of production externalities equal to d, and finite rates of decay of residential externalities

equal to p across the Berlin Wall.
Endogenous Agglomeration Forces: To solve for the counterfactual effects of division or reunification

with endogenous agglomeration forces, we use a directly analogous solution algorithm. We assume val-

ues for the model’s parameters [« 5 v € A § 17 p|’ and use the calibrated values of adjusted production
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fundamentals, residential fundamentals and the density of development from the initial equilibrium be-
fore division or reunification {a;, I;i, ©i}. We again assume starting values for floor prices, adjusted wages
and the fraction of adjusted floor space used commercially from the initial equilibrium before division or
reunification {QV, @Y, 6%}.

Given these starting values, we use the equilibrium conditions of the model to solve for new predicted

values for these endogenous variables for the divided city {Q}, @} 01}, We expand the equilibrium conditions

Z L)

of the model (70)-(81) to include the endogenous determination of adjusted productivity and amenities as a

function of production and residential externalities:
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We again find that the solution algorithm converges rapidly. In the presence of endogenous agglomeration
forces, there is the potential for multiple equilibria in the model. We solve for the counterfactual equilib-
rium using the initial values from the observed equilibrium prior to division or reunification. Therefore we
assume the equilibrium selection rule of solving for the closest counterfactual equilibrium to the observed
equilibrium prior to division or reunification. Our goal in these counterfactuals with endogenous agglom-
eration forces is not to determine the unique impact of division or reunification. Rather our goal is to show
that the model with the estimated agglomeration forces is capable of generating counterfactual predictions

for the impact of division or reunification close to the observed impact.

A.6 Monte Carlo

As a further check on our identifying assumptions, we undertake a Monte Carlo exercise. We first assume
parameter values and a data generating process for a hypothetical city. We next apply our estimation
procedure to the hypothetical city and show that it correctly recovers the assumed parameter values for the
data generating process.

In particular, we consider a hypothetical city on a 40 x 40 latitude and longitude grid (1, 600 locations)
of approximately the same dimensions as Berlin (ranging from latitude 52.4 to 52.6 and longitude 13.2 to
13.4). We assume that each grid point has a land area of (K = 100) meters squared. We assume that travel
times within the hypothetical city (7;;) are proportional to the bilateral Great Circle distances between each
pair of locations (1,600 x 1,600 = 2,560, 000 bilateral pairs). We assume the following expenditure and
cost share parameters: {«, 3, p}={0.95, 0.90, 0.25}. We assume the following values of the agglomeration
and dispersion parameters: {v, €, A, 9, 1, p}={0.08, 4, 0.10, 0.08, 0.10, 0.08}. We assume that the Fréchet scale
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parameters for each residence location and employment location are equal to one (7; = 1 and E; = 1). We
also assume that the tax equivalent of land use regulations is equal to one (§; = 1).

We consider 50 replications of the model using realizations of random draws for production fundamen-
tals, residential fundamentals and the density of development {a;, b;, ¢;} for each location on the latitude

and longitude grid. For each replication, we undertake the following procedure:

« Step 1: Using the assumed values for the model’s parameters {«, /3, i, v, €, A, 0, 1, p} and the realizations
of random draws for {a;, b;, ;} for each location on the latitude and longitude grid, we solve for the

equilibrium of the hypothetical city before division.

« Step 2: We suppose that the hypothetical city is exogenously divided into Eastern and Western halves.
We draw new realizations of the random draws for {a;, b;, ;} for each location on the latitude and

longitude grid in the Western half of the city.

« Step 3: We solve for the equilibrium of the Western half of the hypothetical city after division using

these new realizations for {a;, b;, ;}.

« Step 4: We suppose that an econometrician observes only the same variables {Q;, H s, Hr;, K, 745} as
in our data for Berlin before and after division, knows the parameters {«, (3, 1}, and wants to estimate

the unknown parameters {v, ¢, A, 6, 1), p} and the location fundamentals {a;, b;, ©;}.

« Step 5: We implement our estimation procedure. We calibrate the model to the observed equilibrium
before division, calibrate the model to the observed equilibrium after division, compute our moment

conditions and estimate the unknown parameters {v, €, A, 9, 1, p} using GMM.

« Step 6: We display the distribution of estimated parameters across the 50 replications and show that

we correctly recover the true unknown parameters {v, €, A, 4, 1, p}.

In Step 1, we draw realizations for production fundamentals, residential fundamentals and the density of
development {a;, b;, ;} for each location i on the latitude and longitude grid from an independent uniform
distribution on the interval [0.975, 1.025]. Given the assumed parameter values {«, (3, u, v, €, A, 6, 1, p}, the
realizations {a;, b;, ;} and the other locational fundamentals {7, E;, K, &;, 7;;}, we solve for the equilibrium
value of the endogenous variables of the model prior to division {H ;, Hg;, Qi, q;» w;, 0;} using the same
solution algorithm as used to undertake counterfactuals in subsection A.5. We use as starting values a
symmetric distribution of the endogenous variables {Hs;, Hg;, Q:, q;, w;, 0;} across all locations on the
latitude and longitude grid and hence solve for the closest equilibrium to this symmetric allocation.

In Step 2, we capture the division of the city into Eastern and Western halves by assuming infinite
costs of trading the final good, infinite commuting costs (x — ©0), infinite rates of decay of production
externalities (0 — ©0), and infinite rates of decay of residential externalities (p — o0) between the two
halves of the city. We draw new realizations for production fundamentals, residential fundamentals and
the density of development {a;, b;, ¢;} for each location ¢ in the Western half of the city from the same

independent uniform distribution.

44



In Step 3, we use the assumed parameter values {a, 3, i, v, €, A, 0, 1, p}, the new realizations {a;, b;, ;}
and the other location characteristics {1}, I;, K, &;, 7;;} to solve for the equilibrium value of the endogenous
variables of the model for the Western half of the city after division {H ys;, Hg;, @i, ¢i» Wi, 0;} using the same
solution algorithm as used to undertake counterfactuals in subsection A.5. We use the initial values from
the observed equilibrium prior to division as the starting values for the endogenous variables {H ;, Hp;,
Qi, ¢, w;, 0;}. Therefore we assume the equilibrium selection rule of solving for the closest equilibrium
during division to the observed equilibrium before division.

As discussed in section A.5 above, equilibrium total city population depends on the reservation level of
utility (U) in the wider economy. Furthermore, our estimates of the model’s parameters and the treatment
effect of division are invariant with respect to U, because they are based on double differences: relative
comparisons across locations within the Western half of the city before and after division. Therefore, we
choose U before division so that the total employment of the city is approximately the same size as for Berlin
prior to division (3 million), and we choose U after division so that the total employment of the Western
half of the city is equal to its value at the time of division. Our estimates of the model’s parameters {v, €, A,
0, m, p} are invariant to these choices of normalizations.

In the GMM estimation in Steps 4-5, we use analogous moment conditions for the division of the hy-
pothetical city as for the division of Berlin: the fraction of workers commuting less than a specified travel
time threshold, the dispersion of wages, and orthogonality conditions between the changes in production
and residential fundamentals and indicator variables for distance grid cells. We use ten indicator variables
based on distance deciles.

In Panels A-F of Figure A.9, we display histograms of the estimated parameter values from each of
the 50 replications, where the true value of each parameter is indicated by a vertical red line. To conserve
computational time in the Monte Carlo, we consider a much smaller number of locations in the hypothetical
city (1,600) than in our actual data for Berlin (15,937). Nonetheless, we find that the estimated parameter
values are closely centered around the true parameter values. Therefore, the results from this Monte Carlo
show that, when the data are generated according to the model, our estimation procedure is successful in

recovering the correct values of the model’s parameters.

A.7 Introducing Non-traded Goods

In the baseline version of the model, we consider the canonical urban model with a single tradable final
good and agglomeration economies in production and residential choices. A key focus of our analysis is
the extent to which this canonical urban model is able to account quantitatively and qualitatively for the
observed impact of division and reunification on the pattern of economic activity within West Berlin.

This note discusses two extensions of the model to introduce non-traded goods. The first extension
allows for the consumption of non-traded goods at a worker’s place of work. The second extension allows
for the consumption of non-traded goods at a worker’s place of residence. In principle, one can also consider
a hybrid specification, in which a constant fraction of worker’s expenditure on non-traded goods occurs at

their workplace and the remaining fraction occurs at their residence.
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A.7.1 Non-Traded Goods by Workplace

In this section, we introduce non-traded goods that are consumed at a worker’s place of work. The con-

sumption index for worker w residing at location ¢ and working at location j is now:

C / . BzZzgw CNijw Bn CTijw Pr El]w 1-BN—Br
i (Cijwa ijw) — - — : (87)
dij \ By Br 1— By — Br

Bn, Br > 0, 0<fBn+pBr<l,

where cy;j,, is consumption of the non-traded good at workplace location j; cp;j;., is consumption of the

traded good; and commuting costs (d;;) are modeled in terms of utility.
Utility maximization implies that total expenditure on the non-traded good for workers residing in

location ¢ and working in location j is a constant share of their income at their place of work:
pn;iCnij = Bvw;Hyij, (88)

where H )y, is the total measure of workers (summing across the two sectors) that work in block j and reside
in block i.
The non-traded good is assumed to be produced under conditions of perfect competition and according

to a constant returns to scale technology with a unit labor requirement:
Yn; = Hnj, (89)

where Yy is the measure of the non-traded good produced in location j and Hy; is the measure of labor
employed in this production. For simplicity, we abstract from agglomeration economies in the production
of non-traded goods, although they also can be introduced. Perfect competition and constant returns to

scale imply that the price of the non-traded good is equal to the wage:

pNj = wj. (90)

We now combine this result with utility maximization (88), aggregate across residence locations ¢ for each

workplace location j, and use goods market clearing for the non-traded good for each workplace location
7 Qi Cnij = Cnj = Y,):
Yn; = BnHuj- (91)

Combining this result with the production technology (89), employment in producing non-traded goods in

each workplace location is a constant share of total employment in that workplace location:
Hyj = By Huj, (92)
while the remaining share of total employment is allocated to producing traded goods (Hr;):
Hpj = (1 - BN)Huyj. (93)

The model remains the same as in our baseline specification, with the labor market clearing condition
determining wages in location j as a function of total workplace employment in that location and residence
employment in all locations. The only difference is that only a fraction of workplace employment is allocated

to the traded sector, with the remaining fraction allocated to the non-traded sector.
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A.7.2 Non-Traded Goods by Residence

In this section, we introduce non-traded goods that are consumed at a worker’s place of residence. The
consumption index for worker w residing at location ¢ and working at location j is again (87), except that
non-traded goods are now consumed at the worker’s residence «.

Utility maximization implies that total expenditure on the non-traded good for workers residing in

location i is a constant share of their income at their place of residence:

pniCni = BNE [ws|i] H;, (94)

where Hpg; is the total measure of residents of block .
The non-traded good is assumed to be produced under conditions of perfect competition and according

to a constant returns to scale technology with a unit labor requirement:
Yni = Hni, (95)

where Yy, is the measure of the non-traded good produced in location ¢ and Hy; is the measure of work-
ers employed in that production. For simplicity, we again abstract from agglomeration economies in the
production of non-traded goods, although they also can be introduced. Perfect competition and constant

returns to scale imply that the price of the non-traded good is equal to the wage:
PNi = W;. (96)

Combining this result with utility maximization (94) and using goods market clearing for the non-traded
good for each residence location i (Cy; = Yy;) and the production technology (95), we have:

[ws|i] H pi

Hy; = BNE (97)

wy

Therefore employment in non-traded production is a function of the total measure of residents and the ratio
of expected worker income to wages. The model remains as in our baseline specification, with the labor
market clearing condition determining wages in location 7 as a function of total workplace employment
in that location and residence employment in all locations. Employment in the traded sector follows from

total workplace employment minus employment in the non-traded sector.
A.8 Additional Reduced-Form Empirical Results
In this section, we report additional reduced-form results discussed in Section 5 of the paper.

A.8.1 Maps of Changes in Floor Prices

In Figures A.1-A.2 of the web appendix (discussed in subsection 5.1 of the paper), we provide further ev-

idence on the impact of division and reunification by displaying the log difference in floor prices from
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1936-1986 and 1986-2006 for each block. As evident from the figures, the largest declines in land prices fol-
lowing division and the largest increases in land prices following reunification are along those segments of
the Berlin Wall around the pre-war CBD. In contrast, there is little evidence of comparable declines in land
prices along other sections of the Berlin Wall. Therefore these results suggest that it is not proximity to the
Berlin Wall per se that matters but rather the loss of access to the pre-war CBD. Comparing Figures A.1-A.2,
it is striking the extent to which the areas that experienced the largest decline in floor prices from 1936-1986
are also the areas that experienced the largest growth in floor prices from 1986-2006. Regressing the growth
in floor prices from 1986-2006 on the growth in floor prices from 1936-1986, we find an estimated coefficient
(Conley standard error) of -0.262 (0.017) and an R-squared of 0.29. Estimating an analogous regression for
the ranks of the two growth rates, we find a similar pattern of results, with an estimated coefficient (Conley
standard error) of -0.527 (0.019) and an R-squared of 0.28. Given that these are cross-section regressions in
growth rates using micro data with a single right-hand side variable, the strength of these relationships is

striking.

A.8.2 Baseline Difference-in-Difference Specification

Table A.1 reports a robustness test for division using standard errors clustered by statistical area (“Gebiet”)
and demonstrates a similar pattern of results as in Table 1 in subsection 5.2 of the paper. Table A.2 reports the
coefficients and standard errors on the other distance grid cells from Table 1 in the paper (omitted from the
paper to conserve space) using Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors
following Conley (1999).

Table A.3 reports a robustness test for reunification using standard errors clustered by statistical area
(“Gebiet”) and demonstrates a similar pattern of results for division as in Table 2 in subsection 5.2 of the
paper. Table A.4 reports the coefficients and standard errors on the other distance grid cells from Table
2 in the paper (omitted from the paper to conserve space) using Heteroscedasticity and Autocorrelation
Consistent (HAC) standard errors following Conley (1999).

A.8.3 Further Reduced-Form Evidence

Timing and Placebos Table A.5 re-estimates the “difference-in-difference” specification for division in
Table 1 in the paper for the early-division period 1936-66 (discussed in subsection 5.3 of the paper). We report
Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors following Conley (1999). Table
A.6 reports the results of a robustness test using standard errors clustered on statistical areas (“Gebiete”).
Table A.7 re-estimates the “difference-in-difference” specification for division in Table 1 in the paper for
the late-division period 1966-86 (discussed in subsection 5.3 of the paper). We report Heteroscedasticity and
Autocorrelation Consistent (HAC) standard errors following Conley (1999). Table A.8 reports the results of

a robustness test using standard errors clustered on statistical areas (“Gebiete”).

Transport Access We provide further evidence that the estimated treatment effects for division and re-

unification are capturing a loss of access to the surrounding concentration of economic activity using a
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different source of variation in the data based on transport access. In particular, division substantially re-
duced the extent of the U/S-Bahn network accessible from West Berlin by closing off links to East Berlin
and East Germany, thereby reducing the transport access advantage from proximity to an U/S-Bahn sta-
tion. That is, locations in West Berlin close to U/S-Bahn stations were more adversely affected by division,
because they lost access to locations in East Berlin to which they previously had low travel times. In con-
trast, the effect on blocks in West Berlin further from U/S-Bahn stations was more muted, because they had
higher travel times to East Berlin prior to division.

To provide evidence on such heterogeneous treatment effects of division and reunification, we construct
an indicator variable for each block based on whether it lies within 250 meters from a U/S-Bahn station in
the 1936 transport network.!” Table A.9 reports the results of augmenting our regression specifications from
Tables 1 and 2 in the paper with this indicator variable. We report Heteroscedasticity and Autocorrelation
Consistent (HAC) standard errors following Conley (1999). Table A.10 reports the results of a robustness
test using standard errors clustered on statistical areas (“Gebiete”).

Following division, blocks close to a U/S-Bahn station experience a larger reduction in floor prices within
each distance cell, consistent with their greater transport access loss. In Column (1) of Table A.9, which
includes only the distance grid cells and our U/S-Bahn indicator, we find an estimated effect of around 13
percent (since 1 — e~%143 = (.13). These results are robust to controlling for district fixed effects (Column
(2)) and our full set of controls (Column (3)). Including our full set of controls in Column (3), we find that
blocks close to a U/S-Bahn station experience around a 5 percent larger reduction in floor prices following
division."

Following reunification, blocks close to a U/S-Bahn station experience a larger increase in floor prices
within each distance grid cell, consistent with their greater transport access improvement. In Column (4),
which includes only the distance grid cells and our U/S-Bahn indicator, we find an estimated effect of around
4 percent (since %937 — 1 = (0.04). These results are robust to controlling for district fixed effects (Column
(5)), although they become smaller in magnitude, and they loose statistical significance once we include our
full range of controls (Column (6)).

While proximity to a U/S-Bahn station provides a simple and transparent measure of transport access, we
also find similar results using a measure of Eastern transport access loss based on the travel time weighted
average of floor prices in East Berlin blocks, as reported in Ahlfeldt, Redding, Sturm, and Wolf (2012). Taken
together, these results provide further evidence that the treatment effects of division and reunification are

capturing a loss of access to the surrounding concentration of economic activity.

YWhile we choose a threshold of 250 meters for proximity to a U/S-Bahn station because it divides blocks within the 500 meter
distance grid cells from the pre-war CBD into two roughly equal groups, we find similar results using other distance thresholds.

""We experimented with including interactions between our U/S-Bahn indicator and the distance grid cells and find that the
coefficient on the U/S-Bahn indicator is relatively similar across distance grid cells. As reported in Ahlfeldt, Redding, Sturm, and
Wolf (2012), we find similar results when we run separate locally-weighted linear squares regressions of the log difference in
floor prices on distance from the pre-war CBD for blocks within and beyond 250 meters from a U/S-Bahn station.
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A.9 Additional Structural Estimates

A.9.1 Gravity, Productivity and Amenities

Table A.11 reports a robustness test using standard errors clustered by statistical area (“Gebiet”) and demon-

strates a similar pattern of results as in Table 4 in subsection 6.2 of the paper.

A.9.2 Structural Estimation

GMM Estimation Results Table A.12 estimates our reduced-form “difference-in-difference” specifica-
tion using the solutions from the model for adjusted overall productivity, adjusted overall amenities, pro-
duction externalities, adjusted production fundamentals, residential externalities, and adjusted residential
fundamentals, as discussed in subsection 7.5 of the paper. These model solutions are based on the pa-
rameter estimates pooling division and reunification reported in Table 5 in the paper. Standard errors are
Heteroscedasticity and Autocorrelation Consistent (HAC) following Conley (1999). Table A.13 reports a ro-
bustness test using standard errors clustered by statistical area (“Gebiet”) and demonstrates a similar pattern
of results as in Table A.12.

Table A.14 reports a robustness test for the structural estimation discussed in subsection 7.5 of the pa-
per. We first assume values of ex = 0.07 and € = 6.83 from our gravity equation estimation in subsection
6.1 of the paper. We next structurally estimate the agglomeration parameters {}, 9, 7, p} using our moment
conditions for production and residential fundamentals ((60) and (61) respectively). In Table A.14, we report
the estimation results for division (Column (1)), reunification (Column (2)), and pooling division and reuni-
fication (Column (3)). As apparent from the table, we find similar estimated values of the agglomeration

parameters {\, d, 7, p} as in the baseline specification reported in subsection 7.5 of the paper.

Overidentification Table A.15 reports the results of an overidentification test using the adjusted density
of development (;) discussed in subsection 7.7 of the paper. Table A.16 reports the results of an overiden-
tification test using adjusted production and residential fundamentals {a;, b;} discussed in subsection 7.7 of

the paper.

Counterfactuals Table A.17 reports a robustness test using standard errors clustered by statistical area

(“Gebiet”) and demonstrates a similar pattern of results as in Table 7 in subsection 7.8 of the paper.

A.10 Data Sources and Definitions

The data section of the main paper provides an overview of our various data sources. This appendix provides
more detail. Subsection A.10.1 discusses the construction of the data on employment by residence for the
pre-war period. Subsection A.10.2 discusses the construction of the data on employment by workplace for
the pre-war period. Subsection A.10.3 discusses the construction of the travel times in minutes between

blocks. Subsection A.10.4 discusses the construction of the data on other block characteristics. Subsection
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A.10.5 discusses the commuting survey data. Subsection A.10.6 discusses the comparison of our standard

land values data with micro data on property transactions.

A.10.1 Employment at Place of Residence 1930s

The 1933 census published data on population for each of the 20 pre-war districts of Berlin and also the
population of each street or segment of street in Berlin. We digitized the information on population by
street and merged it to the modern block structure. In a first step we used information on street name
changes provided on http://www.luise-berlin.de to convert the historical street names into the modern
street names. In a second step we obtained a dataset from the Statistical Office of Berlin (“Senatsverwaltung
fur Berlin”) that contains information on the modern statistical blocks to which each street in Berlin is
contiguous. We use this information to distribute the population of each street equally across all blocks
which are contiguous with the street. In doing so we take into account whether blocks are water areas
or parks to avoid population being allocated to these blocks. In the case of unmatched streets we correct
misspellings of street names in both datasets by using an algorithm that matches streets within the same
district and sub-district (“Ortsteil”) whose names only differ by one letter. In a small number of cases, we
are unable to match a street to a block, in which case we spread the street’s population equally across all
blocks within the same sub-district that have positive population. Finally, we convert our 1933 estimates of
population in each of the modern blocks into employment by residence by using the labor force participation

rates for each district (“Bezirk”) from the 1933 census.

A.10.2 Employment at workplace

To estimate the 1933 workplace employment in each modern block we take a two-step approach. In the
first step we create estimates of 1933 private-sector employment in each modern block and in a second step
we estimate 1933 public-sector employment in each block.

For the first step we use two key data sources. First, the 1933 census published data on employment at
workplace in private enterprises in each district of Berlin (“Mitteilungen des Statistischen Amts der Stadt
Berlin” 1935). Data at a finer spatial scale was not published in pre-war censuses. Second, we obtained a
copy of the 1931 company register of Berlin (“Handelsregister”). The company register contains the name
and registered address of each firm in Berlin and in 1931 lists just over 47,000 firms. We have entered
the name and address of each of these firms. We use information on street name changes provided on
http://www.luise-berlin.de to convert the historical addresses to their modern equivalent. The Statistical
Office of Berlin supplied us with a file that lists for each modern postal address in Berlin the block in which
this address is located. We use this concordance to create a count variable which counts how many firms
were registered in each modern block in 1931. Due to incomplete or defective addresses, we managed to
allocate 42,818 of the 47,098 firms listed in the company register to a modern block.

To spread total private-sector workplace employment across blocks within each district, we first estimate
the relationship at the district level between log private-sector workplace employment from the 1933 census

and the log number of firms from the company register. In Figure A.12, we display the values for these
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variables for each district as well as the regression relationship between them. As apparent from the figure,
we find a close relationship between private-sector workplace employment and the number of firms at the
district level, with a regression R? of over 0.75. We use the estimated coefficients from this regression and
the number of firms in each block to construct a predicted share of that block in total district private-sector
workplace employment. We then use these predicted employment shares to allocate the district totals across
blocks within districts.

Since this first step uses predicted employment shares to allocate district totals across blocks within
districts, the district totals for private-sector workplace employment in our data are the same as in the
1933 census. To further assess the reliability of predicting workplace employment at the block level using
information on the number of firms, we use the 1987 census data, which reports both workplace employment
and the number of establishments by block. In Figure A.13, we display log workplace employment and
the log number of establishments for each block as well as the regression relationship between them. As
apparent from the figure, we also find a close relationship between these two variables at the block level,
with a regression R? of over 0.60.

In the second step, we construct public-sector employment in 1933 for each modern block by combining
data from the 1933 census with detailed information on the location of public buildings prior to the Second
World War. The occupational census of 1933 reports city-level totals of public sector employees and their
breakdown into sub-categories such as civil servants in the federal and city administration, primary and
secondary school teachers, police officers, or clergymen. To allocate these occupation-specific totals for
Berlin across blocks, we used a detailed street map of Berlin showing the location of each public building
prior to the Second World War and its purpose (e.g. federal government ministries, public utilities, schools).
This map was compiled by the Allied occupation authorities in 1945 (War Office 1945). We allocate the em-
ployment of each occupational group (e.g. primary school teachers) across the buildings in which workers

from this group are typically employed (e.g. primary schools).

A.10.3 Travel Times Between Blocks in Berlin

To determine commuting costs in the model we need to know the minimum travel time between each of
the 15,937 blocks of Berlin in our data, i.e. nearly 254 million (15,937 x15,937) bilateral connections. We
have computed these travel times for 1936, 1986 and 2006. In 1936, commuting to work by car was rare,
and hence we construct minimum travel times using the public transport network.'? In 1986 and 2006, we
construct minimum travel times by combining information on the public transport network and driving
times by car.

To construct minimum travel times between each pair of blocks i and j by public transport for the
three years, we collected information on the underground rail (“U-Bahn”), suburban rail (“S-Bahn”), tram
(“Strassenbahn”) and bus (“Bus”) network of Berlin in each year. These networks were digitized using

ArcGIS and we used the ArcGIS Network Analyst to compute the fastest connection between locations 7

12Leyden (1933) reports data on travel by mode of transport in pre-war Berlin, in which travel by car accounts for less than 10
percent of all journeys.
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and j. In this computation we allow passengers to combine all modes of public transport and walking to
minimize the travel time between 7 and j. We use the following assumed travel speeds for each mode of
transport: 5km/h for walking, 25km/h for underground and suburban rail travel, 14.5km/h for trams and
14.3km/h for buses. Whenever passengers change between modes of transport (e.g. changing from the
suburban rail to a bus) we assume that 3 minutes are lost in waiting time at each connection point. These
speeds of travel are taken from Vetter (1928). We assume that these speeds are the same in all three years
of our dataset, which is supported by comparing these travel speeds to current public transport timetables.
Note that these assumptions imply that the travel times from 7 to j and j to ¢ are the same.

To construct minimum driving times by car between each pair of blocks 7 and j for 1986 and 2006,
we obtained an ArcGIS shape file of the modern street network of Berlin from a commercial geographical
data provider “Geofabrik” (www.geofabrik.de). This shape file contains information on the maximum and
average speed on all streets in and around Berlin and also restrictions on driving such as one-way streets
or prohibited turns. Therefore, the driving times from ¢ to j and from j to ¢ do not have to be the same,
because of one-way streets and other similar restrictions on road traffic. Using the ArcGIS Network Analyst,
we computed the minimum driving times between all pairs of locations 7 and j using the average travel
speed on each street. As a check on our ArcGIS calculations, we compared the resulting bilateral minimum
driving times for 100 randomly selected blocks to those computed using Google Maps."

Figure A.14 shows a scatter plot of our ArcGIS travel times and the Google travel times for the 10,000
bilateral connections between the 100 randomly chosen blocks. The correlation between the two estimates
of bilateral driving times within Berlin is nearly 0.94. Our estimates of the car travel times are slightly
lower than Google’s, with the median difference being 7.9 minutes. To compute the 1986 car travel times,
we restricted the road network to streets in West Berlin. We also adjusted the shape file to account for the
small number of changes in the main road network of West Berlin between 1986 and 2006.'*

To combine the minimum travel times by public transport and car in 1986 and 2006 into a single travel
time measure, we used data on the proportion of journeys undertaken by these two modes of transport in
Berlin. In particular we use information on the modal split of commuting journeys in each of the 12 present-
day districts of Berlin from Senatsverwaltung fiir Stadtentwicklung (2011). In this data the average share
of journeys by car is about one third. We use this data to estimate a simple logit regression that explains
the share of journeys undertaken by car in each of the 12 modern districts as a function of the average
difference in driving times by car and public transport between blocks in this district and any other block

in Berlin. In particular we estimate the following regression

In (&) B+ A+ ey 98)

1 — cary

where d indexes districts, car, is the share of journeys undertaken by car and A is the difference in travel

time between public transport and driving in minutes. Figure A.15 displays the fitted values from this

B3Under its public use license Google restricts users to a small number of requests for travel times per day. Using Google’s
public use license to compute all 254 million bilateral driving times would have taken several years.

“The main changes to the urban motorway system between 1986 and 2006 include the extension of the A113 between Adler-
shof and Kreuz Schonefeld, two small extensions of the A100 and the construction of the A111.
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regression against the actual values of the data.

Using the parameter estimates from this regression we predict the share of journeys undertaken by car
for each bilateral commute between two blocks in Berlin. Our final estimate of the average travel time
between two blocks ¢ and j is the weighted average of the car and public transport travel times using
the predicted car and public transport shares as weights. We use the same weights to combine the public

transport and car travel times for 1986."°

A.10.4 Block Characteristics

We have collected data on observable block characteristics from a number of sources, as discussed below.

Block Land Area and Centroids We used ArcGIS and a shapefile provided by the Statistical Office of
Berlin (“Senatsverwaltung”) to compute geographic land area in square meters and the centroid of each
block for 2006. As discussed in the data section in the paper, we hold the 2006 block structure constant for

all years in our data.

Distance to the Nearest U-Bahn and S-Bahn station From each block centroid we compute the straight-
line distance in meters to the nearest underground (U-Bahn) and suburban (S-Bahn) railway station in 1936,
1986 and 2006. Shapefiles showing the exact routing (line shapes) of the rail lines as well as the exact loca-
tions of the stations (point shapes) in 2006 were provided by the Statistical Office of Berlin (“Senatsverwal-
tung”). We used historic network plans to identify those stations that did not exist in 1936 or 1986. Scans
of historic network plans are available from the website of Berlin Verkehr (www.berliner-berkehr.de). To
create shapefiles of the 1936 and 1986 networks we start from the 2006 shapefiles and delete those parts
of the networks that did not exist in 1936 or 1986. In this backward adjustment process a small number of

stations were added that existed in 1936, but were no longer served in 2006 (and 1986).

Green Areas We used ArcGIS and a shapefile provided by the Statistical Office of Berlin (“Senatsverwal-
tung”) to compute the straight-line distance in meters from each block centroid to the edge of the nearest
green area (public parks, forests and other green public areas in 2005). We also compute the square meters

of green area for each block.

Water Areas We used ArcGIS and a shapefile provided by the Statistical Office of Berlin (“Senatsverwal-
tung”) to compute the straight-line distance in meters from each block centroid to the edge of the nearest

canal, river or lake. We also create a dummy variable for blocks that are adjacent to a canal, river or lake.

Schools We used ArcGIS and a shapefile provided by the Statistical Office of Berlin (“Senatsverwaltung”)

to compute the straight-line distance in meters from each block centroid to the nearest school in 2006.

1>We were unable to find data on the modal split of commuting journeys in Berlin in 1986 by district. However, data in Kloas,
Kuhfeld, and Kunert (1988) show that the overall share of journeys by car was very similar to 2006.

54


www.berliner-berkehr.de

Noise To capture the average noise level within a block we used ArcGIS and data provided by the Statis-
tical Office of Berlin (“Senatsverwaltung”) on the (estimated) average noise levels expressed in decibels (db)

for 10 x 10 meter grid cells. For each block, we compute the average noise level across the grid cells that
fall within the block.

Land Use The 2006 land value map published by the Committee of Valuation Experts (“Gutachterauss-
chuss fiir Grundstiickswerte”) defines zones (“Bodenrichtwertzonen”) that are homogenous in terms of land
value, building density, and land use. We use this map to create four dummy variables for whether the typ-

ical land use in a block is commercial, residential, industrial or mixed.

Second World War Destruction We constructed the share of the built-up area in a block that was de-
stroyed during the Second World War as reported on a map from the Agency for Cartography of Berlin in
1945 (“Gebdudeschiden im Gebiet der Stadt Berlin, Stand 1945, Topographische Karte 1:25000,” Herausge-
ber: Hauptamt fiir Vermessung der Stadt Berlin).

Listed Buildings The number of listed buildings in a block in 2008 was created based on a shapefile
provided by the Statistical Office of Berlin (“Senatsverwaltung”).

Urban Regeneration Policies Post-Reunification We constructed three dummy variables indicating
whether a block belongs to a renewal area (“Sanierungsgebiet”) designated in 2002, a renewal area desig-
nated in 2006, or an area of urban restructuring (“Stadtumbau West”) designated in 2005. Two shapefiles
showing the exact boundaries of renewal areas and areas of urban restructuring were provided by the Sta-

tistical Office of Berlin (“Senatsverwaltung”).

Government Buildings Post-Reunification We construct a dummy variable for whether a major gov-
ernment building was located in a block in 2006 using a map showing all government buildings in 2006

provided by the Statistical Office of Berlin (“Senatsverwaltung”).

Wages The Statistical Yearbook of Berlin reports mean wages for each district of West Berlin in 1986. The

data refer to mean annual wages of blue collar workers working in the manufacturing industry.

A.10.5 Commuting Survey Data

Micro Commuting Survey Data 2008 Ahrens, Liefke, Wittwer, and Hubrich (2009) reports the results
of a representative commuting survey in Berlin and several other large German cities for 2008. The survey
records for each trip that a respondent makes on the day of the survey the start and end district, time
travelled in minutes and purpose of the trip. In this data we observe for Berlin 7,984 journeys between
a worker’s place of residence and her place of work. We use these data to construct a matrix of bilateral

commuting probabilities between the 12 districts of Berlin in 2008.
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We also use these data to construct the fractions of commuters with travel times in the following eight
bins: 0-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-75 and 75-90 minutes. In constructing the fractions of
commuters for these travel time bins, we exclude the negligible fraction of workers that commute for longer
than 90 minutes (in one direction from residence to workplace), who are likely to be influenced by factors
outside the model. We therefore construct the fractions of commuters for these travel time bins conditional

on commuting for 90 minutes or less, so that the fractions add up to one.

Commuting Survey Data 1982 Brog (1982) reports the results of a representative commuting survey
of 27,560 households in West Berlin and West Germany. The data include 291 households in West Berlin
and report travel times in minutes between place of residence and place of work. We use these data to
construct the fraction of commuters with travel times in the following eight bins: 0-10, 10-20, 20-30, 30-40,
40-50, 50-60, 60-75 and 75-90 minutes. We again exclude the negligible fraction of workers that commute
for longer than 90 minutes (in one direction from residence to workplace) and construct the commuting

fractions conditional on commuting for 90 minutes or less so that they add up to one.

Commuting Survey Data 1930s The pre-war commuting data were taken from Feder (1939). In the
second half of the 1930s, Gottfried Feder carried out a survey of commuting in Berlin. He surveyed a total
of 24,336 workers across eight work locations in Berlin that he intended to be representative for the city and
which included industry, service and public sector employers. He asked respondents for the travel time in
minutes from their place of residence to their place of work. We use these data to construct the fraction of
commuters with travel times in the following six bins: 0-20, 20-30, 30-45, 45-60, 60-75 and 75-90 minutes. We
again exclude the negligible fraction of workers that commute for longer than 90 minutes (in one direction
from residence to workplace) and construct the commuting fractions conditional on commuting for 90

minutes or less so that they add up to one.

A.10.6 Micro Data on Land Transactions

We follow the standard approach in the urban literature of assuming that floor space L is supplied by a
competitive construction sector that uses geographic land K and capital M as inputs. Following Combes,
Duranton, and Gobillon (2014) and Epple, Gordon, and Sieg (2010), we assume that the production function
takes the Cobb-Douglas form: L; = M}/ Kil_“. We now show that these assumptions provide a good
approximation to the micro data on property transactions for Berlin that are available from 2000-2012.
From the first-order condition for profit maximization in the construction sector, the ratio of capital to
land area depends on the price of land relative to the price of capital:
M _n R
K, 1—pr’

where R, is the price of land and r is the common price of capital across all locations. From the zero-profit

(99)

condition, total revenue from floor space equals total payments to capital and land:
Q:L;  rM;+ RiK;
K K; '

(100)
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Combining these two conditions, total floor price multiplied by the price of floor price and divided by land

area is a linear transformation of the price of land:

QiL; 1
R, 101
K, 1~ (101)

We have obtained access to confidential data from the Committee of Valuation Experts, which contain
property transactions in Berlin from 2000-2012. In this data set we observe transaction prices, which corre-
spond to Q; L;, as well as the corresponding lot sizes, which correspond to K;. We compare property prices
divided by the lot size in these transactions data to the standard land values reported by the Committee
that are used in our empirical analysis. This comparison serves two purposes. First, a strong correlation
will indicate that the standard land values provided by the Committee are truly reflective of the market
valuation. Second, an approximately linear relationship will suggest that the Cobb Douglas functional form
is a reasonable approximation for the construction sector in Berlin.

We adjust the observed prices in the property transactions data to 2006 prices using a Case-Shiller type
repeated sales approach at the block level. Unlike in conventional hedonic analysis of (); there is no need
to correct for housing attributes like the number of bathrooms or bedrooms because (Q;L;)/K; is directly
observed in the data. However, since housing is durable and depreciates over time, it is important to control
for the age of the building stock. We use the following specification to predict the average (log) price for a

newly developed property per unit of geographic area (in meters squared) in a block in 2006 prices:

(Vi) = > baCADy + > bYPY Dy + @ + €. (102)
m n#2006
where k indexes properties; ¢ indexes blocks and ¢ indexes time; Vj, is the transaction price of a property &
sold in year ¢ divided by its lot size (land area); AD,, is a full set of dummies for ten age cohorts m (0-5 years
is the base category); Y D,, is a full set of dummies for year n (2006 is the base category); €. is a stochastic
error; and ®; is a time-invariant block specific fixed effect, which we recover for further analysis.

The parameter estimates are reported in Table A.18. The transaction data set has sufficient observa-
tions to recover block fixed effects for 8,907 blocks. Figure A.10 provides a comparison of this measure of
(Q;L;)/ K; to the 2006 land values assessed by the Committee of Valuation Experts, which correspond to
R;. As predicted by our framework, the two measures are log-linearly related with a slope of approximately
one. The transactions data we obtained also allows for a validation of the GFZ measure reported by the
Committee. Figure A.11 compares the mean floor area divided by the lot size for each block in the property
transactions data to the values reported by the Committee. Again, we find that the two variables are closely

correlated with a log slope of approximately one.
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Figure A.4: Wage Moment Condition (Sum of Squared Deviations)
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Figure A.9: Monte Carlo Results (50 Replications)
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Note: the graph shows the correlation between the log number of firms in the 1931 company
register in each district of Berlin and the log of total private-sector workplace employment
in the 1933 census. The R2 of the regression is 0.77.

Figure A.12: District Employment and Number of Firms
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Note: the graph shows the correlation between log workplace employment and the log number
of establishments for each block of Berlin as reported in the 1987 census and the
regression relationship between them. The R2 is of the regression is 0.63.

Figure A.13: Block Employment and Establishments 1987
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Note: the graph shows bilateral travel times in minutes for 100 randomly selected blocks in
Berlin. The travel time for these 10,000 bilateral connections was computed using both

Google's public use license and the ArcGIS Network Analyst. The correlation between
these two measures of driving time is 0.94.

Figure A.14: ArcGIS Versus Google
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Figure A.15: Car Journeys in Overall Trips
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Table A.3: Robustness Test for Baseline Reunification Results (1986-2006), Clustered Standard Errors
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Table A.4: Other Coefficients from Baseline Reunification Results (1986-2006), Conley Standard Errors
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(1) ) 3) “) )

AlnQ Aln Q Aln Q AlnQ AlnQ
CBD 1 -0.718%** -0.506*** -0.493%** -0.475%%* -0.489%***
(0.039) (0.046) (0.047) (0.047) (0.050)
CBD 2 -0.605%** -0.393%** -0.381*** -0.354%** -0.368%**
(0.027) (0.034) (0.035) (0.033) (0.035)
CBD 3 -0.485%** -0.274%%* -0.264%** -0.235%%* -0.246%**
(0.024) (0.031) (0.030) (0.027) (0.028)
CBD 4 -0.410%** -0.209%** -0.195%** -0.173%%* -0.171%%*
(0.014) (0.025) (0.025) (0.022) (0.021)
CBD 5 -0.328%** -0.141%** -0.126%** -0.104%*** -0.101***
(0.014) (0.018) (0.018) (0.019) (0.018)
CBD 6 -0.249%** -0.113%** -0.090%*** -0.074%** -0.070%**
(0.016) (0.015) (0.013) (0.013) (0.013)
Inner Boundary 1-6 Yes Yes Yes
Outer Boundary 1-6 Yes Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes
District Fixed Effects Yes Yes Yes Yes
Observations 6260 6260 6260 6260 6260
R-squared 0.34 0.58 0.67 0.69 0.70

Note: Q denotes price of floor space. CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. Inner Boundary 1-
6 are six 500m grid cells for distance to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells for
distance to the outer boundary between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to Breitscheid
Platz on the Kurfiirstendamm. Block characteristics include the logarithm of distance to schools, parks and water, the land area of the
block, the share of the block's built-up area destroyed during the Second World War, indicators for residential, commercial and industrial
land use, and indicators for whether a block includes a government building and urban regeneration policies post-reunification.
Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors in parentheses (Conley 1999). * significant at 10%; **
significant at 5%; *** significant at 1%.

Table A.5: Early Division Period (1936-66), Conley Standard Errors
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(1) 2) 3) 4) (%)
AlnQ AlnQ AlnQ AlnQ AlnQ
CBD 1 -0.718%*** -0.506%** -0.493%** -0.475%%* -0.489%#*
(0.051) (0.065) (0.069) (0.068) (0.074)
CBD 2 -0.605%** -0.393 % -0.381*** -0.354%*x* -0.368%**
(0.029) (0.047) (0.051) (0.046) (0.053)
CBD 3 -0.485%** -0.274%** -0.264%*** -0.235%%* -0.246%**
(0.040) (0.051) (0.052) (0.047) (0.051)
CBD 4 -0.410%** -0.209%** -0.195%** -0.173%%* 0. 171%%*
(0.022) (0.033) (0.035) (0.032) (0.030)
CBD 5 -0.328%** -0.141%%* -0.126%** -0.104%%* -0.101%%*
(0.022) (0.021) (0.023) (0.024) (0.022)
CBD 6 -0.249%** -0.113%** -0.090%** -0.074%** -0.070%**
(0.030) (0.021) (0.020) (0.018) (0.018)
Inner Boundary 1-6 Yes Yes Yes
Outer Boundary 1-6 Yes Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes
District Fixed Effects Yes Yes Yes Yes
Observations 6260 6260 6260 6260 6260
R-squared 0.34 0.58 0.67 0.69 0.70

Note: This table reports a robustness test for Table AS in this web appendix using clustered standard errors. Q denotes price of floor space.
CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. Inner Boundary 1-6 are six 500m grid cells for distance
to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells for distance to the outer boundary
between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to Breitscheid Platz on the Kurfiirstendamm.
Block characteristics include the logarithm of distance to schools, parks and water, the land area of the block, the share of the block's built-
up area destroyed during the Second World War, indicators for residential, commercial and industrial land use, and indicators for whether
a block includes a government building and urban regeneration policies post-reunification. Robust Standard Errors in Parentheses adjusted

for clustering by statistical area ("Gebiete"). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.6: Robustness Test for Early Division Period (1936-66), Clustered Standard Errors
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(1) ) 3) “) )

AlnQ Aln Q AlnQ AlnQ AlnQ
CBD 1 -0.088*** -0.066*** -0.030 -0.028 -0.074%**
(0.020) (0.017) (0.019) (0.019) (0.020)
CBD 2 -0.069*** -0.042%** -0.008 -0.006 -0.024
(0.015) (0.0106) (0.017) (0.017) (0.018)
CBD 3 -0.094*** -0.061*** -0.047** -0.044%** -0.005
(0.018) (0.019) (0.019) (0.019) (0.016)
CBD 4 -0.031%** -0.002 -0.002 0.001 -0.003
(0.011) (0.013) (0.014) (0.014) (0.012)
CBD 5 -0.029%** 0.001 0.000 0.002 -0.003
(0.008) (0.010) (0.011) (0.011) (0.008)
CBD 6 -0.045%** -0.011 -0.000 0.000 -0.012
(0.008) (0.009) (0.010) (0.010) (0.008)
Inner Boundary 1-6 Yes Yes Yes
Outer Boundary 1-6 Yes Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes
District Fixed Effects Yes Yes Yes Yes
Observations 7248 7248 7248 7248 7248
R-squared 0.01 0.09 0.16 0.16 0.41

Note: Q denotes price of floor space. CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. Inner Boundary 1-
6 are six 500m grid cells for distance to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells for
distance to the outer boundary between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to Breitscheid
Platz on the Kurflirstendamm. Block characteristics include the logarithm of distance to schools, parks and water, the land area of the
block, the share of the block's built-up area destroyed during the Second World War, indicators for residential, commercial and industrial
land use, and indicators for whether a block includes a government building and urban regeneration policies post-reunification.
Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors in parentheses (Conley 1999). * significant at 10%; **
significant at 5%; *** significant at 1%.

Table A.7: Late Division Period (1966-86), Conley Standard Errors
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(1) (2) 3) (4) (5)
AlnQ AlnQ AlnQ AlnQ AlnQ
CBD 1 -0.088 -0.066 -0.030 -0.028 -0.074
(0.060) (0.049) (0.047) (0.047) (0.049)
CBD 2 -0.069 -0.042 -0.008 -0.006 -0.024
(0.041) (0.038) (0.039) (0.038) (0.039)
CBD 3 -0.094** -0.061 -0.047 -0.044 -0.005
(0.043) (0.049) (0.046) (0.048) (0.027)
CBD 4 -0.031 -0.002 -0.002 0.001 -0.003
(0.019) (0.020) (0.024) (0.023) (0.016)
CBD 5 -0.029* 0.001 0.000 0.002 -0.003
(0.016) (0.020) (0.022) (0.021) (0.013)
CBD 6 -0.045%** -0.011 -0.000 0.000 -0.012
(0.014) (0.017) (0.016) (0.016) (0.012)
Inner Boundary 1-6 Yes Yes Yes
Outer Boundary 1-6 Yes Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes
District Fixed Effects Yes Yes Yes Yes
Observations 7248 7248 7248 7248 7248
R-squared 0.01 0.09 0.16 0.16 0.41

Note: This table reports a robustness test for Table A7 in this web appendix using clustered standard errors. Q denotes price of floor space.
CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. Inner Boundary 1-6 are six 500m grid cells for distance
to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells for distance to the outer boundary
between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to Breitscheid Platz on the Kurfiirstendamm.
Block characteristics include the logarithm of distance to schools, parks and water, the land area of the block, the share of the block's built-
up area destroyed during the Second World War, indicators for residential, commercial and industrial land use, and indicators for whether
a block includes a government building and urban regeneration policies post-reunification. Robust Standard Errors in Parentheses adjusted
for clustering by statistical area ("Gebiete"). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.8: Robustness Test for Late Division Period (1966-86), Clustered Standard Errors
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(1) (2) (3) (4) (5) (6)
AlnQ AlnQ Aln Q Aln Q Aln Q Aln Q
1936-86  1936-86  1936-86  1986-2006 1986-2006 1986-2006

CBD 1 -0.736***  -(0.533%**  _().548**%* (. 38]*** 0.402%** 0.280%**
(0.059) (0.062) (0.071) (0.101) (0.088) (0.087)
CBD 2 -0.627***  _0.407*** -0 395%** () 282%* 0.287%** 0.190%**
(0.046) (0.047) (0.051) (0.112) (0.096) (0.087)
CBD 3 -0.515%**%  _0.291%**  .0241***  (.115%** 0.118%** 0.063**
(0.038) (0.039) (0.034) (0.039) (0.033) (0.028)
CBD 4 -0.403***  _0.192%**  .0,169***  (.024* 0.029 0.016
(0.021) (0.031) (0.025) (0.014) (0.023) (0.020)
CBD 5 -0.332%** 0. 131%**  -0.098***  (0.019* 0.016 0.015
(0.018) (0.024) (0.020) (0.010) (0.015) (0.013)
CBD 6 -0.276%**  -0.120%**  -0.088***  (0.015* -0.001 0.005
(0.016) (0.019) (0.016) (0.009) (0.012) (0.011)
U/S-Bahn -0.143***  _0.077*%**  -0.049***  (.037*** 0.012%** 0.005
(0.012) (0.010) (0.008) (0.007) (0.006) (0.005)
Inner Boundary 1-6 Yes Yes
Outer Boundary 1-6 Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes Yes
District Fixed Effects Yes Yes Yes Yes
Observations 6260 6260 6260 7050 7050 7050
R-squared 0.30 0.52 0.71 0.08 0.32 0.43

Note: Q denotes price of floor space. CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. U/S-Bahn is
an indicator variable that is one if a block lies within 250 meters of a U-bahn or S-bahn station and zero otherwise. Inner Boundary 1-6
are six 500m grid cells for distance to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells
for distance to the outer boundary between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to
Breitscheid Platz on the Kurfilirstendamm. Block characteristics include the logarithm of distance to schools, parks and water, the land
area of the block, the share of the block's built-up area destroyed during the Second World War, indicators for residential, commercial
and industrial land use, and indicators for whether a block includes a government building and urban regeneration policies post-
reunification. Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors in parentheses (Conley 1999). * significant at
10%; ** significant at 5%; *** significant at 1%.statistical area ("Gebiete"). * significant at 10%; ** significant at 5%; *** significant
at 1%.

Table A.9: Transport Access Results for Division and Reunification (1936-86 and 1986-2006), Conley Stan-
dard Errors
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(1) (2) 3) “4) (5) (6)
AlnQ AlnQ AlnQ AlnQ AlnQ AlnQ
1936-86 1936-86 1936-86  1986-2006 1986-2006 1986-2006
CBD 1 -0.736%**  .0.533*%*%*  _(,548*** 0.381** 0.402%** 0.280**
(0.086) (0.094) (0.108) (0.149) (0.125) (0.120)
CBD 2 -0.627%**  .0.407***  -0.395%*%*  (.282%* 0.287** 0.190
(0.066) (0.069) (0.073) (0.167) (0.136) (0.125)
CBD 3 -0.515%%*%  .0.201***  _0.241**%*  (.115%* 0.118** 0.063*
(0.060) (0.059) (0.064) (0.053) (0.047) (0.033)
CBD 4 -0.403%**  .0,192%***  _(,169*** 0.024 0.029 0.016
(0.031) (0.039) (0.035) (0.019) (0.027) (0.019)
CBD 5 -0.332%%*% .0, 131***  _0.098*** 0.019 0.016 0.015
(0.027) (0.029) (0.024) (0.014) (0.017) (0.013)
CBD 6 -0.276%**  .0.120***  -(0.088*** 0.015 -0.001 0.005
(0.031) (0.028) (0.023) (0.013) (0.015) (0.013)
U/S-Bahn -0.143%**  .0,077***  -0.049***  (0.037***  (0.012** 0.005
(0.019) (0.014) (0.010) (0.008) (0.005) (0.005)
Inner Boundry 1-6 Yes Yes
Outer Boundary 1-6 Yes Yes
Kudamm 1-6 Yes Yes
Block Characteristics Yes Yes
District Fixed Effects Yes Yes Yes Yes
Observations 6260 6260 6260 7050 7050 7050
R-squared 0.30 0.52 0.71 0.08 0.32 0.43

Note: This table reports a robustness test for Table A9 in this web appendix using clustered standard errors. Q denotes price of floor
space. CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. U/S-Bahn is an indicator variable that is one
if a block lies within 250 meters of a U-bahn or S-bahn station and zero otherwise. Inner Boundary 1-6 are six 500m grid cells for
distance to the Inner Boundary between East and West Berlin. Outer Boundary 1-6 are six 500m grid cells for distance to the outer
boundary between West Berlin and East Germany. Kudamm 1-6 are six 500m grid cells for distance to Breitscheid Platz on the
Kurfiirstendamm. Block characteristics include the logarithm of distance to schools, parks and water, the land area of the block, the
share of the block's built-up area destroyed during the Second World War, indicators for residential, commercial and industrial land
use, and indicators for whether a block includes a government building and urban regeneration policies post-reunification. Standard
errors in parentheses are heteroscedasticity robust and clustered on statistical area (Gebiete). * significant at 10%; ** significant at 5%;
**%* significant at 1%.statistical area ("Gebiete"). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.10: Robustness Test for Transport Access Results for Division and Reunification (1936-86 and 1986-
2006), Clustered Standard Errors
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(1) 2 3) (4) ) (6)

Aln A Aln B Aln A Aln B Aln QC Aln QC
1936-86 1936-86 1986-2006  1986-2006  1936-1986  1986-2006
CBD 1 -0.207%*%  -0.347%** 0.261%** 0.203***  -(.220%** 0.065%**
(0.065) (0.089) (0.109) (0.060) (0.013) (0.009)
CBD2 -0.260%**  _(.242%** 0.144%* 0.109 -0.184%#* 0.065%**
(0.038) (0.064) (0.071) (0.071) (0.007) (0.007)
CBD 3 -0.138#**  _(.262%** 0.077%** 0.059* -0.177%** 0.043%**
(0.030) (0.037) (0.024) (0.032) (0.008) (0.007)
CBD 4 -0.131%%%  _(.]154%** 0.057%** 0.010 -0.189%#* 0.048%**
(0.015) (0.031) (0.016) (0.010) (0.006) (0.005)
CBD 5 -0.095%**  -0.126%** 0.028%** -0.014 -0.188%#* 0.055%**
(0.016) (0.020) (0.013) (0.010) (0.006) (0.006)
CBD 6 -0.061%**  -0.117%*** 0.023%* 0.001 -0.170%** 0.035%**
(0.021) (0.026) (0.010) (0.006) (0.005) (0.004)
Counterfactuals Yes Yes
Agglomeration Effects No No
Observations 2844 5978 5602 6718 6260 7050
R-squared 0.09 0.06 0.02 0.03 0.10 0.07

Note: This table reports a robustness test for Table 4 in the paper using clustered standard errors. Columns (1)-(4) based on calibrating
the model for v=ex=0.07 and €=6.83 from the gravity equation estimation. Columns (5)-(6) report counterfactuals for these parameter
values. A denotes adjusted overall productivity. B denotes adjusted overall amenities. QC denotes counterfactual floor prices
(simulating the effect of division on West Berlin). Column (5) simulates division holding A and B constant at their 1936 values.
Column (6) simulates reunification holding A and B for West Berlin constant at their 1986 values and using 1936 values of A and B for
East Berlin. CBD1-CBD6 are six 500m distance grid cells for distance from the pre-war CBD. Robust Standard Errors in Parentheses
adjusted for clustering by statistical area ("Gebiete"). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.11: Robustness Test for Floor Prices, Productivity and Amenities, Clustered Standard Errors
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Robustness Test for Fundamentals and Externalities (Parameter Estimates Pooling Division and

Reunification, Clustered Standard Errors)
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(1) (2) 3)

Division Reunification Division and

Efficient GMM  Efficient GMM  Reunification
Efficient
GMM

Productivity Elasticity (\) 0.0725%** 0.0544*** 0.0665***
(0.0047) (0.0082) (0.0047)

Productivity Decay (0) 0.3621%** 0.7580%** 0.3652%**
(0.1250) (0.3981) (0.0956)

Residential Elasticity (n) 0.1472%** 0.1152%** 0.1469%**
(0.0064) (0.0207) (0.0074)

Residential Decay (p) 0.8425%** 0.5281%** 0.6282%**
(0.2233) (0.2011) (0.1730)

Note: Generalized Method of Moments (GMM) estimates. Robustness to using assumed values of v =¢k =0.07 and € =

6.83 and estimating the agglomeration parameters {A, 9, €, p}. Heteroscedasticity and Autocorrelation Consistent (HAC)
standard errors in parentheses (Conley 1999). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.14: Robustness Test for Generalized Method of Moments (GMM) Estimation
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(1 )
In Model Density of  In Model Density of
Development 2006 Development 2006

In Data Density of Development 2006 0.9610%** 0.9610%**
(0.0296) (0.0181)
Standard Errors Conley Clustered
Observations 7050 7050
R-squared 0.37 0.37

Note: The table is based on the parameter estimates pooling division and reunification from Table 5 of the paper. The
dependent variable is the logarithm of the adjusted density of development in the model (varphi) for 2006. The
independent variable is the logarithm of the ratio of floor space to geographical land area (GFZ) in the data for 2006.
Column (1) reports Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors following Conley (1999).
Column (2) reports standard errors clustered by statistical area ("Gebiet"). * significant at 10%; ** significant at 5%; ***
significant at 1%.

Table A.15: Density of Development Overidentification Check
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(1) (2) (3) “4)
In Production In Residential In Production In Residential
Fundamental = Fundamental = Fundamental = Fundamental
2006 2006 2006 2006
Green Areas 0.0061*** 0.0185%** 0.0061*** 0.0185%**
(0.0007) (0.0010) (0.0009) (0.0014)
Water Areas 0.0440%** 0.0487*** 0.0440%** 0.0487***
(0.0066) (0.0109) (0.0093) (0.0174)
War Destruction -0.0356 -0.1935%** -0.0356 -0.1935%**
(0.0151) (0.0232) (0.0222) (0.0407)
Listed Buildings 0.0503*** 0.0195%** 0.0503*** 0.0195%**
(0.0032) (0.0047) (0.0042) (0.0054)
Noise 0.0062 -0.2869*** 0.0062 -0.2869***
(0.0201) (0.0286) (0.0356) (0.0510)
Standard Errors Conley Conley Clustered Clustered
Observations 0.123 0.218 0.123 0.218
R-squared 9437 11863 9437 11863

Note: This table is based on the parameter estimates pooling division and reunification from Table 5 in the paper. The
dependent variable in Columns (1) and (3) is the log adjusted production fundamental in the model (a) for 2006. The
dependent variable in Columns (2) and (4) is the log adjusted residential fundamental in the model (b) in 2006. The
independent variable is the log ratio of floor space to geographical land area (GFZ) in the data for 2006. Green Areas are
the logarithm of one plus the square meters of green areas in a block; Water Areas is a dummy which is one if the block
is adjacent to a lake, river or canal; War Destruction is the share of the block's built-up area that was destroyed during the
Second World War; Listed Buildings is the logarithm of one plus the number of listed buildings in a block; Noise is the
logarithm of the average noise level in decibel in a block; Columns (1) and (2) report Heteroscedasticity and
Autocorrelation Consistent (HAC) standard errors following Conley (1999). Columns (3) and (4) report standard errors

clustered by statistical area ("Gebiet"). * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.16: Production and Residential Fundamentals Overidentification Check
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(1) (2) 3) 4) (%) (0)
Aln QC Aln QC Aln QC Aln QC Aln QC Aln QC
1936-86 1936-86 1936-86  1936-1986 1986-2006 1936-1986
CBD 1 -0.839%**  _0.667*** -0.666*** -0.752%**  (.472%**  (.923%**
(0.055) (0.031) (0.050) (0.030) (0.048) (0.056)
CBD2 -0.627***  _0.456%**  -(0.635%** _(.585%**  (.251***  (0.689%**
(0.038) (0.019) (0.044) (0.022) (0.045) (0.064)
CBD 3 -0.518%**  .(0.348*** _(0.592*%** _0.476*%**  (.086** 0.416***
(0.044) (0.017) (0.059) (0.023) (0.041) (0.042)
CBD 4 -0.521%**  .0.329%**  _0.642*%** _-0.470%** -0.060%* 0.311%**
(0.039) (0.012) (0.052) (0.022) (0.030) (0.034)
CBD 5 -0.544%**  .0.300*** -0.733*** _(0.482%** .(0.076%**  (.253%**
(0.028) (0.012) (0.036) (0.019) (0.027) (0.030)
CBD 6 -0.489%**  .0.265%**  -0.709*** _0.417*** .0.133%** (.163***
(0.024) (0.008) (0.034) (0.015) (0.025) (0.026)
Counterfactuals Yes Yes Yes Yes Yes Yes
Agglomeration Effects Yes Yes Yes Yes Yes Yes
Observations 6260 6260 6260 6260 7050 6260
R-squared 0.12 0.15 0.08 0.11 0.01 0.06

Note: This table is based on the parameter estimates pooling division and reunification from Table 5 in the paper. QC denotes
counterfactual floor prices. Column (1) simulates division using our estimates of production and residential externalities and 1936
fundamentals. Column (2) simulates division using our estimates of production externalities and 1936 fundamentals but setting

residential externalities to zero. Column (3) simulates division using our estimates of residential externalities and 1936

fundamentals but setting production externalities to zero. Column (4) simulates division using our estimates of production and
residential externalities and 1936 fundamentals but halving their rates of spatial decay with travel time. Column (5) simulates
reunification using our estimates of production and residential externalities, 1986 fundamentals for West Berlin, and 2006
fundamentals for East Berlin. Column (6) simulates reunification using our estimates of production and residential externalities,
1986 fundamentals for West Berlin and 1936 fundamentals for East Berlin. CBD1-CBD6 are six 500m distance grid cells for
distance from the pre-war CBD. Robust Standard Errors in Parentheses adjusted for clustering by statistical area ("Gebiete"). *
significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.17: Robustness Test for Counterfactuals, Clustered Standard Errors
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In(Transaction Price/Lot size)

Coefficient Standard Error

Year: 2000 -0.073%%* (0.020)
Year: 2001 -0.105%** (0.021)
Year: 2002 -0.142%** (0.020)
Year: 2003 -0.176%** (0.019)
Year: 2004 -0.193%** (0.020)
Year: 2005 -0.124%** (0.017)
Year: 2007 0.0827%** (0.017)
Year: 2008 -0.004 (0.017)
Year: 2009 -0.014 (0.019)
Year: 2010 0.065%** (0.018)
Year: 2011 0.203%** (0.018)
Year: 2012 0.279%** (0.023)
Age cohort: 5 to 15 years -0.297#** (0.031)
Age cohort: 15 to 25 years -0.569%** (0.035)
Age cohort: 25 to 35 years -(0.783%%* (0.035)
Age cohort: 35 to 45 years -1.014%** (0.036)
Age cohort: 45 to 55 years -1.155%#* (0.038)
Age cohort: 55 to 65 years -1.021%** (0.039)
Age cohort: 65 to 75 years -0.988*#* (0.033)
Age cohort: 75 to 85 years -1.058%** (0.035)
Age cohort: 85 to 95 years -0.967%#* (0.039)
Age cohort: 95 to 105 years -(0.822% (0.039)
Age cohort: 105 to 115 years -(0.823 %% (0.042)
Age cohort: 115 to 125 years -0.859%** (0.048)
Age cohort: 125 to 135 years -(0.892%##* (0.070)
Age cohort: 135 to 145 years -0.883%** (0.071)
Age cohort: 145 to 155 years -0.854%** (0.135)
Age cohort: 155 to 165 years -1.419%** (0.2006)
Age cohort: 165 to 175 years -1.481%*%* (0.509)
Age cohort: 175 to 185 years -0.430 (0.314)
Age cohort: 185 to 195 years -0.607%** (0.115)
Age cohort: 195 to 205 years -0.811* (0.462)
Age cohort: 205 to 215 years -0.619%** (0.306)
Block fixed effects Yes
R-squared 0.769
Observations 51,275

Note: This table reports the results of estimating a Case-Shiller type repeated sales
specification at the block level using the micro data on property transactions from 2000-
2012. Standard errors in parentheses are heteroscedasticity robust and clustered by
block. * significant at 10%; ** significant at 5%; *** significant at 1%.

Table A.18: Micro Data on Property Transactions
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