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. Introduction

- ore e ID e = Empirical urban economics was often a ‘reduced-

et form’ field

R — Effect of policy on marginal changes in
behaviour
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. Introduction ar . (
. Model set-up = Empirical urban economics was often a ‘reduced-

. Recursive estimation
form’ field

. Empirical evidence
. Counterfactuals

— Effect of policy on marginal changes in
behaviour

. Summary

* Pros and cons

* Few(er) assumptions (+)

« Easy interpretation (no black box) (+)

* C(lear identification (+)

» Partial equilibrium (-)

 Impossible to evaluate large changes (-)
JRRAN SRR N  Hard to do scenario analysis (-)
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ROCE SER = Recently, quantitative spatial equilibrium models
e A S (QSE) have become increasingly popular

R * Given the model structure, one may evaluate
large changes in spatial structure

 Model complex spatial interactions
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For what research questions are QSE models

useful?

Evaluating the effect of
a small-scale urban

Examining the spatial
effects of the invention
of the automobile

Investigating the
willingness to pay for
solar panels

Evaluating the general Studying sorting effects
equilibrium effects of of investments in
new high-speed rail historic amenities

connections



Mogelsetap = Recently, quantitative spatial equilibrium models
i L e (QSE) have become increasingly popular

b * Given the model structure, one may evaluate
large changes in spatial structure

 Model complex spatial interactions

= Useful when interested in:
 Transportinfrastructure investments
* Sorting/gentrification
« Evaluating large place-based policies
* (Changesin) agglomeration economies
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. Model set-up = Learn about a key contribution of Ahlfeldt et al.

. Recursive estimation

e patbstactiats [ (2015) [ARSW]

dgy i — QSE of Berlin’s Urban Spatial Structure

— Use the Berlin Wall as a quasi experiment to
identify the importance of agglomeration
economies

— Econometric Society Frisch Medal Award
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. Model set-up = | have applied similar models in recent papers:

. Recursive estimation

S — Koster, H.R.A. (2023). The Welfare Effects of Greenbelt

. Summary Policy. Economic Journal, forthcoming

— Dericks, G., Koster, H.R.A. (2021). The Billion Pound Drop:
The Blitz and Agglomeration Economies in London.
Journal of Economic Geography, 21(6): 869-897

— Koster, H.R.A, Hayakawa, K., Tabuchi, T., Thisse, ].-F.
(2023). High-speed rail and the spatial distribution of
economic activity: Evidence from Japan's Shinkansen.

RIETI Working Paper.
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. Introduction

RpRe s = | have applied similar models in recent papers:
. Recursive estimation

. Empirical evidence

e — Dericks, G., Koster, H.R.A. (2021). The Billion Pound Drop:

. Summary

The Blitz and Agglomeration Economies in London.
Journal of Economic Geography, 21(6): 869-897

E co Ilﬂ“;“ iSt = Menu Weekly edition The world in brief Q, Search w

Bt Air raids and nggrnmrr.ll:mn

How the Blitz changed London
for the better

After the war the city built back bigger, bringing unexpected gains
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Quantitative spatial economics

1. Introduction

. Introduction
2. Model set-up
. Recursive estimation
. Empirical evidence
. Counterfactuals
. Summary
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[ have applied similar models in recent papers:

— Koster, H.R.A. (2023). The Welfare Effects of Greenbelt
Policy. Economic Journal, forthcoming

The

i itid — MMenu

Britain | Over-protected land

Britain’s green belt i1s choking the economy

The public likes, but badly misunderstands, the anti-sprawl policy. It’s time to rethink it

|



. Introduction

. Model set-up * The advantages of ARSW

. Recursive estimation
. Empirical evidence

R Al — Use commuting flows to identify key

] parameters

— Easy recursive estimation using standard
regression techniques

— Proper identification of model parameters
(rather than calibration...)
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. Model set-up = (Goals of this lecture

. Recursive estimation
. Empirical evidence
. Counterfactuals

Ly 1. You should understand the model structure
of ARSW

2. You should be able to estimate the ARSW
model

3. You should understand the pros and cons of
applying the ARSW model
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Quantitative spatial economics

2. Model set-up

. Introduction

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary
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Main elements:

CD-Utility of workers dependent on
residential location i and workplace j
CD-Production

Land market: land available is given
Production and workers are linked via
commuting

Production benefits from agglomeration
economies

Workers may benefit/lose from residential
externalities



\What are sources of agglomeration economies?
(multiple answers may be correct)

12

11




. Introduction workers
. Model set-up
. Recursive estimation
. Empirical evidence 2 Ci B 1{) : 1_')8
. Counterfactuals U __Tl=yo ( UD) ( L]O )
. Summary 'UO e T
dij \ P 1-p

Uiio utility for worker o living in i and working in j
B; amenities

Cijo composite good consumption

Liio residential floor space consumption

Ziio idiosyncratic component where:
_ —TiEiz;:*
F(Zijo) — e~ TifjZijo
where T; and E; denote average utilities
d;; commuting discount factor: e *J
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. Introduction
i Workers

. Recursive estimation - Budget COHStraint

. Empirical evidence
Counterfactuals

. Summary Wj E— QL‘BUO + CijO
where (; are floor space prices

* The indirect utility is given by:

2 i\ A B—1
Uiio = Bi(wje ™ )Q; "z,
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B.Z..
Given U j;, = - (
d; ;

the indirect utility.

oo

|am ready (2!

Cijo

B

0
| give up (X!



. Introduction
g Workers

. Recursive estimation 1 . Set up Lagl‘angE:

4. Empirical evidence

. Counterfactuals
Ry L = Uijo A(Wj — Qitijo — Cijo)
2. Derive FOCs:

a0 BiZijo (Cija)ﬁ_l ({’Uﬂ)l—ﬁ _1=0

JCijo dij B 1-p
0L BiZijo (Cijo b lijo = =
affjﬂ B di; ( [; ) (l—jﬁ) _AQI =1
% =g = Qifijo — Cijo = 0
3. Using FOC (3) and (2):
cijo\P~1(tijo i
(%) (133) .
cijo\P (tijo A Qi
) ()
Blijo 1

(1_3)51',}'0 i a

VRI (1_.8) ]
VU ? UHIJ\.EEREITEIT AEL}G d— Cljﬂ
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. Introduction workers
. Model set-up
. Recursive estimation (1_ B) Cifo
4. Empirical evid _ . - .
G ¥ e 4. Plug?t;;, = zo.In the budget constraint:
. Summary "—
(1—3)5312}0
w; — O ——— €ijp =0
pQi
1= _
* —
Cijo igwj
: (1-F)cij :
5. Plugc;,int;;, = 50, -~ to obtain:
(1-BIw;
ﬁj“ - Qi J
6. Plugc;;,and ?;;, in the utility function:
__ Bizijjo B—-1  _
Ujjo = wiQ; = UjjoZijo

dij

VRIJE
=" UNIVERSITEIT
M AMSTERDAM




. Introduction

N e | = Fréchet shock on commuting

. Empirical evidence

e « Eaton and Kortum (2002) in trade
 (Captures idiosyncratic preferences for living in

i and working in j

= Hence:
TEEjﬁfj
?IS"‘=125=1TTEST‘_L$S
e —1\&
1,E; (Bi(wje ™)@l ™)

By i
1 X5 Ty (Br (wee*r)Qf ™)

Tfij —

= (Conditional on living in i, the commuting
probability to j is given by:
Ej(wje™ )"

VU k El::ijxfsasmrr Wil =
®  AMSTERDAM Ull S ES (WSE_KTiS)E

s=1
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. Introduction workers

. Model set-up

e = Commuting market clearing condition:
. Counterfactuals S

. Summary HM} e L:lﬂ'-IjILHRI

_.lc'r-- E
Hoiys Eilee H)
e e Ef:l Es(wse™“"is)®
Hy; workers atj
Hy,; residents ati

Hpi

SR ECONOMICS IR
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. Introduction workers

. Model set-up

Phisaed il 4 = Commuting market clearing condition:
. Counterfactuals <

. Summary HMJ]' - Lzlﬂ"-[jILHRI
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S
Given H ), = Z 7;5; 4 ri What happens if w;
i=1

increases?

probabifity on in-commuterns from i nises for alli



. Introduction
Modelsstap Workers
e = Spatial equilibrium so that workers have the same
. Counterfactuals ay =
R — expected utility everywhere:
1
a 3 £
: e—1 ", —KT B-1\°
",["LL] =1 - TTES (BT(WSE’ TS)QT. )
r=1s=1

where [-| is the denominator of 7;; and I'(-) is the
gamma function

SR ECONOMICS I
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Quantitative spatial economics

. Introduction

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary
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2. Model set-up

=  Production
o] = AJH%J'L}VI_}(I

Vi output

final goods productivity

Hp labour input

Ly commercial floor space used



=1 ducti .
el = Floor space market clearing

. Recursive estimation .

. Empirical evidence ° @i — max(qi! QI)
. Counterfactuals .
e s g;=1 it q; >0,
« 6;€[01] if g¢q;=0;

* 6,=0 if q; <0

URBAN [SMOLN0I%I 08 NL
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e ducti :

S g = Floor space market clearing for households
. Recursive estimation - R

. Empirical evidence 1 — L Well

. Counterfactuals :[fi]HRi — ( B) [ S‘ ] HRE . (1 - QI')LI:

. Summary QI

= Floor space clearing for firms

i
(1—-a)Aj\a

= Total floor space demand equals total supply:
(1= 6)Lp; + 0Ly = L = K{'M; "
where K; is the land available at i and Mil_“ is the
VU k s density of development

RN ECONOMICS IR




o i = General equilibrium with fixed B; and 4;

. Recursive estimation
. Empirical evidence

. Counterfactuals
. Summary

= Equilibrium is determined by
 Population mobility (i.e. expected utility)
» Residential choice probability
 Workplace choice probability
* Commercial land market clearing
* Residential land market clearing
 Profit maximization
 Zero profit
* No-arbitrage between alternative land uses

URBAN [SHOLNOI%I0N NL

VU S equilibrium
AMSTERDAM

=  ARSW prove existence and uniqueness of




. Introduction .

7 s = Allow for endogenous agglomeration forces
. Recursive estimation

. Empirical evidence

. Counterfactuals

. Summary

=  Production externalities:

= Residential externalities:

S Hp 1
B: = b. Z o= PTis 5)
L 1 ( s=1 Ks

SR ECONOMICS IR
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Consider productivity levels

S

Ai — Q; E 6_57""3

true?

s—1

False

~

.\What statements are

y indicates the decay of agalomeration economies

6 indicates the agglomeration elasticity
0.5

a(i) indicates the productivity residual

Emloyment beyond 2km hardly contribute to
productivity at (i)

ﬁ




. Introduction "
e = Allow for endogenous agglomeration forces
. Recursive estimation
4. Empirical evidence
. Counterfactuals

. Summary

*  Production externalities:

S H
A = o a0t —MS
) l K
s=1 S

= Residential externalities:

S oo
B. — b e_pTiS RS
L L K

S= e

22 Please explain intuition behind 4; and B;
Density leads to higher A; and B; if {A,n} > 0, but with spatial decay indicated by & and p

VRIJE
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. Introducti i
s tfm_un_ | = Recovering A; and B; from the model
. Recursive estimation ® There al"e ClOSEd forms Of Al and B“ up tO

. Empirical evidence

. Counterfactual o - .
S iayaae multiplication constants
e ‘Structural residuals’

RN ECONOMICS IR
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. Introduction -

| ey = Recovering A; and B; from the model
. Recursive estimation

. Empirical evidence

. Counterfactuals

. Summary

=  Productivity (using zero profit condition)
AI;:(I )1(1 —ana a

= Amenities (using the expected utility):
1

5. \E /0.\Y B s
-7 &) @

where bars denote geometric means and WW; is the

expected wage:
S
B Z Es(wje™7i7)"
s=1

URBAN (SRU O NL
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\Why is the relationship between wages and productivities,
A, positive, while it is negative for amenities, B; ? (multiple
answers may be correct)

4
3
0)

If firms are willing If we observe For amenities, Itis impossible to
to pay higher residentsataa higher wages say why thisis
wages, they more attractive compensate for the case-itis
must be more location, they lower amenity just a result of

productive must pay higher levels so that the arbitrary
rents, so that relationshipis functional form
\/ they need higher negative assumptions
wages

¢ v X



i = Recovering 4; and B; from the model

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary

*  Productivity (using zero profit condition)
A= (1 a)l a —ach A pr af

* Amenities (using the expected utility):

1 1
- — 1_3 e
B;i  (Hgi\® [Q; Wi\ €
B, \Hgri) \Q; Wi

where bars denote geometric means and WV, is the

expected wage:
S
N Z Eg(wje )"
s=1

VRUE 2 Does this make sense?
VU¥

UNIVERSITEIT : e :
AMSTERDAM . If wages/rents T, productivity must be higher

If wagesT, amenities!, if rents or Hg; T, amenities higher (see Roback, 1982)




Quantitative spatial economics

. Introduction

. Model set-up

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary
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3. Recursive estimation

We aim to estimate
ke > 0 commuting time elasticity
¢ > 1 utility dispersion parameter

A productivity elasticity
6 > 0 productivity decay

n residential elasticity
p > 0 residential decay



\What are your hypotheses with respect to the
parameters?

The aglomeration elasticity is positive, y>0

The residential externalities are positive, N>0
4.9

Strongly disagree
Strongly agree

The decay of agglomeration economies>residential
externalities, 0>p

e




3. Recursive estimation

. Introduction B We aim to estimate

. Model set-up

. Recursive estimation ke > 0 commuting time elasticity

. Empirical evidence
Counterfactuals

R— ¢ > 1 utility dispersion parameter

A productivity elasticity
6 > 0 productivity decay

n residential elasticity
p > 0 residential decay

22 What are the expected signs of A and n?

Positive for A (agglomeration economies), 1 is unsure

22 Would you expectd > pord < p?

| would expect that 6 < p, the decay of neighbourhood interactions to be more local

VRIJE
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Quantitative spatial economics

. Introduction

. Model set-up

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary

SR ECONOMICS IR

VRIJE
> UNIVERSITEIT
AMSTERDAM

3. Recursive estimation

= Estimate the parameters using its recursive
structure

i

U

Estimate commuting gravity equation
Back out wages

Obtain utility dispersion parameter ¢
Obtain amenities and productivity
Regress productivity on worker density
Regress amenities on residential density



3. Recursive estimation

. Introducti .
s * Important:
: rsi i i . = = . . . .
§ e e « Everything is identified up to multiplication
. Counterfactuals
. Summary COIlStElI'ltS
« We cannot say much about absolute utility
levels

*  Good identification strategies are Key to obtain

correct model parameters!

 Like in reduced-form estimation

« Model can be seen as a collection of reduced-
form estimations

 ...much better than in structural models in

the past

RN ECONOMICS I
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3. Recursive estimation

f o actol 1. Estimate gravity equation:

. Model set-up
cursive estimation
. Empirical evidence
. Counterfactuals
. Summary

We can write r7;; as:
logm;iH = —ut;j + v; + v;
which identifies » = ¢k

* This is a standard gravity equation, as 7;; H
represents the commuting flow between i and j
* v; andv; absorb T}, B;, Q;, Ej.

URBAN (SOOI 0N NL
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How would you estimate
Win = —XT;j + U; + U;7?

«/ Poisson Pseudo-Maximum Likelih::n:u:l.x
with two-way fixed effects ;

x Conditional Logit with two-way fixed
effects

OLS with two-way fixed effects X



3. Recursive estimation

IS DCnc o8 1. Estimate gravity equation:

. Model set-up

" R : : :
. Empirical evidence
. Counterfactuals

. Summary

We can write 7;; as:
IOg TEUH — —J{Tij .k Uj -+ Uj
which identifies » = sk

* Thisis a standard gravity equation, as 7;; H
represents the commuting flow between i and |
® O and Uj absorb Ti! Bi! Qi! Ej.

22 How would you estimate this?

Dependent variable is count variable - Poisson regression with two-way fixed effects; OR OLS
uﬂle = B - " - [ " "
V U ? UNIVERSITEIT with two-way fixed effects excluding zero flows (which is not very attractive in my opinion)

AMSTERDAM




3. Recursive estimation

i 2. Given data on Hy;, Hy; and i, we can obtain

. Recursive estimation < .
. Empirical evidence transformed wages w; = (Ejw;)" for each location:
. Counterfactuals J J

. Summary

HT”

Z H "
£ — BT R1
Z —q W€ *lis

* There exists a unique vector of w; that ensures that
the commuting market clearing condition holds

= Use Newton-Raphson procedure

(Uj}o —
gk MY
Wjrs+1 = wj,?”’ﬁ

Mjr

URBAN (SMOLNOI%I 0N NL
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3. Recursive estimation

i 3. Given aggregate data on wages w;, @; and i, we can

. Recursive estimation
e back out ¢

. Empirical evidence
. Counterfactuals
. Summary

Var(log a)j) = Var(log(Ejo)E) = € var(log(wj))

Hence,

1
D lvar(log(wi)) — -é-var(log a)}-)] =)

=» Use OLS (without a constant) to obtain ¢

URBAN [SHOLN0I%I0N NL
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3. Recursive estimation

i 4. Given data on Hy;, Hg;, %, ¢, @; and data on floor

. Recursive estimation .
space prices Q; we recover A; and B; (up to a

. Empirical evidence
. Counterfactuals

. Summary constant)

= Productivities in logs (eq. 27):

3 a
logA; =logad; + (1 —a)logQ; + Elog W;

= Amenities in logs (eq. 28):

- . | 1
log B; = logb; + ElogHR,; + (1 —-L)logQ; — ElogW,;

URBAN (SHOLNOI%I 0N NL
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3. Recursive estimation

. Introducti [ 1t
i 5. Production externalities

. Recursive estimation

. Empirical evidence

i =  We have data on H,,, and have data on K_:
: S H
log A; = logd; + Alog (Z e~ OTis MS) 4 &
s=1 Ks

RN ECONOMICS IR
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\What is the main endogeneity issue when estimating
S
A H
log A; = a; + vlog Z e 0mis 208
s—=1

Omitted variable bios: employment density may be
5 cormrelated to fovorable geographic characteristics

10



3. Recursive estimation

. Introduction 5_ Pro dUCtion EXternalitles

. Model set-up
"R : : -

. Empirical evidence

. Counterfactual
e = We have data on H,,. and have data on K_:

. Summary
S H
Ms

log A; = logd; + Alog Z e~9Tis mind
s=1 KS

2 What are endogeneity issues here and how would
you address them?

Density is endogenous and correlated to unobserved locational endowments
IV - use changes in density due to Berlin Wall
Use historic instruments

VRIJE
=" UNIVERSITEIT
M AMSTERDAM




Quantitative spatial economics

. Introduction
. Model set-up
cursi sti 1on
. Empirical evidence
. Counterfactuals
. Summary
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3. Recursive estimation

5. Production externalities

We have data on H,,; and have data on K::
HMS

S
log A; = logd; + Alog (Z e~ OTis ) 2n
s=1 KS

Use changes in density due to Berlin Wall

S
A lOg Alt — Alog ﬁlt EE /1 A IOg (z e_5TiS,t
s=1

$i



How would you estimate A log }L,t = Aa;++

vA log Z e OTist —— | 4 Afi,t? Please rank:

1st GMM

Poisson- Pseudo
Maximum Likelihood

Non-linear least
squares

OLS, while fixing &




Quantitative spatial economics

. Introduction

. Model set-up

i) : . .
. Empirical evidence
. Counterfactuals

. Summary
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3. Recursive estimation

5. Production externalities

= We have data on H,,. and have data on K_:

- > H
logA; =logad; + Alog Z e~ OTts ]?fs
S

s=1

= Use changes in density due to Berlin Wall

L Hys, ¢

+ ¢

AlogA;, = Alogdy, + A Alog Z = 8Tis,
KS C

Ss=1

22 How would you estimate this?

Standard OLS does not work because of decay parameter... maybe fix §?
Use GMM or Nonlinear Least Squares



3. Recursive estimation

. Introducti I ] 1t]
e 6. Residential externalities

cursive esti 1
. Empirical evidence

. Counterfactual . . .
iy B = Similarly, we have data on Hy. and estimated K:

. Summary
s~ . o > _ . Hpgs
log B; = logb; + nlog e Plis ap
s=1 Ks

= Use again variation in density due to Berlin Wall...

SR ECONOMICS IR
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3. Recursive estimation

. Introduction = Ahlfeldt et al. use a GMM approach to estimate all

. Model set-up
cursive estimati the parameters in one go

. Empirical evidence
. Counterfactuals
. Summary

= In principle this should deliver (more or less) the
same estimates

* Only possible with linear (no PPML) gravity model
without too many observations

SR ECONOMICS IR
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1. Introduction
2. Model set-up
3. Recursive estimation

4. Empirical evidence
5. Counterfactuals [ EdE L1 | naotors i Legend
1] 2,500 5,000 10,000 i "l |
6. Summary b — N 1 ) CBD
3 LA L i
| j_# ) " J O ] Berlin Wall
S — _lxx J = Normalized land price
/ = |
_. / el F., 1936
C Reinckandort \ 0.05-1.13
.;_.-*""-‘M & | -
rf-" ~rr] e 1.14 - 4. 48
|y | Waihams e "
_f.l Hohenschinhausen 449 - 11 99
/ } 12.00 - 24.47
24 48 - 47 .71
|r Spandau Marzahn
R Chariottenburg
F J et Lichtenbeng
;f” V
- 4
r Yilmersdor!
) \,
Tr‘q,:'[ﬂw \____ql L

Kopenick P~

SRBEN ECONOMICS IR

VRIJE %
UNIVERSITEIT r j
AMSTERDAM £




. Introduction

. Model set-up * They use block data from 1936, 1986 and 2006

. Recursive estimation

T 15,937 blocks, 9,000 in West-Berlin

. Counterfactuals

. Summary * Land values, commuting times, block
characteristics

SR ECONOMICS IR
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Quantitative spatial economics

. Introduction

. Model set-up

. Recursive estimation
. Empirical evidence

. Counterfactuals

. Summary
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4. Empirical evidence

Graphical illustration of changes

1936

1986

2006



e = Let’s first consider the reduced-form evidence

el i ke « This is an important starting point of any

Counterfactuals

: Summary anﬂlySiS!

SRIBZN ECONOMICS S
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. Introduction

. Model set-up * Three regressions for division and reunification

. Recursive estimation

 ewtEti * AlogQ; = a + Xk=1 Bilix +vlogM; + €
. Summary © Alog E'T‘n?jf?I — C? —|— 25:1 ﬁkllk + 7 log MI + gl
* Alog EmpW; = @ + Yj—1 Bl + 7108 M; + €

[i1 Within a distance 500m bands of the
pre-war CBD

M; time-invariant block characteristics

Q; land values

EmpR; ~ Household density
EmpW; Workplace density
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Results from division

Table —~ RENTS, EMPLOYMENT AND THE BERLIN WALL

Division

Reunification

Rents (log)

Empl. (log)

Rents (log)

Empl. (log)

(1) (2) _{_ff} (4)
CBD 0-500m -0.567*** -0.691* 0.408*** 1.574%*
(0.071) (0.408) (0.090) (0.479)
CBD 500-1000m -0.422%** -1.253%** 0.289*** 0.684*
(0.047) (0.293) (0.096) (0.326)
CBD 1000-1500m -0.306*** -0.341 0.120*** 0.326
(0.039) (0.241) (0.033) (0.216)
CBD 1500-2000m -0.207*** -0.512%%* -0.031 0.336*
(0.033) (0.199) (0.023) (0.161)
CBD 2000-2500m -0.139%** -0.436%** 0.018 0.114
(0.024) (0.151) (0.015) (0.118)
CBD 2500-3000m -0.125*** -0.280%** -0.000 0.049
(0.019) (0.130) (0.012) (0.095)
District fixed eftects Yes Yes Yes Yes
Number of observations 6,260 2,844 7,050 5,602
Kleibergen-Paap F-statistic 0.51 0.12 0.32 0.03

Notes: Data on pre-division is from 1936, during the division it is from 1986 and from reunification it is

from 2006. Standard errors adjusted for spatial correlation are in parentheses. *** p <0.01, ** p < 0.05,

“p<0.10,

b
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4. Empirical evidence

Introduction
Model set-up
Recursive estimation

Results from division

Emirica] evidence Table — RENTS, EMPLOYMENT AND THE BERLIN WALL
Counterfactuals Division Reunification
S ALY Rents (log) Empl. (log) Rents (log) Empl. (log)
(1) (2) (3) (4)
CBD 0-500m -0.567*** -0.691* 0.408*** 1.574*%**
(0.071) (0.408) (0.090) (0.479)
CBD 500-1000m -0.422*%** -1.253%** 0.289*** 0.684**
(0.047) (0.293) (0.096) (0.326)
CBD 1000-1500m -0.306*** -0.341 0.120*** 0.326
(0.039) (0.241) (0.033) (0.216)
CBD 1500-2000m -0.207*** -0.512%** -0.031 0.336**
(0.033) (0.199) (0.023) (0.161)
CBD 2000-2500m -0.139*** -0.436*** 0.018 0.114
(0.024) (0.151) (0.015) (0.118)
CBD 2500-3000m -0.125*** -0.280*** -0.000 0.049
(0.019) (0.130) (0.012) (0.095)
District hixed effects Yes Yes Yes Yes
Number of observations 6,260 2.844 7,050 5,602
Kleibergen-Paap F-statistic 0.51 0.12 0.32 0.03

Notes: Data on pre-division is from 1936, during the division it is from 1986 and from reunification it is
from 2006. Standard errors adjusted for spatial correlation are in parentheses. *** p <0.01, ** p < 0.05,
*p<0.10,

22 Please interpret the results!
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After division, rents
within 200m of the
former CBD
decrease by
0.567% relative to
locations that are
beyond 3kmof the
CBD

X

After division,
employment
density within
500m of the former
CBD decrease by
g91% relative to
locations that are
beyond 3kmof the
CBD

X

After reunification,

rents within 500m
of the former CBD
increase by 50.3%
relative to
locations that are
beyond 3kmofthe
CBD

v/

After reunification,
employment
density within
500m of the former
CBD decrease by
3823% relativeto
locations that are
beyond 3kmofthe
CBD

X

Theseresults are
evidence for
agglomeration
economies
because the CBD
becomes more
(less) central due
tothe
reunification
(division)

Vv

\What is true with respect to the results?
(multiple answers may be correct)

The effects of the
division are more
localised than the
effects of the
reunification

X
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4. Empirical evidence

Gravity model

TABLE 11

COMMUTING GRAVITY EQUATION®

Travel Time (—ke&)

Estimation
More than 10 Commuters
Fixed Effects

Observations
RZ

(1) (2)
In Bilateral In Bilateral
Commuting Commuting
Probability Probability
2008 2008
—U U068 I —{.07022***
(0.0056) (0.0034)
OLS OLS
Yes
Yes Yes
|44 | 22
0.8261 ().9059

(3)
In Bilateral
Commuting
Probability
2006

07
(0.0025)

Poisson PML
Yes
Yes
122

—

(4)
In Bilateral
Commuting
Probability
2008

—0.0706***
(0.0026)

Gamma PML
Yes
Yes
122
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Introduction

. Model set-up Structural parameters

. Recursive estimation

. Empirical evidence
. Counterfactuals TABLE V

. Summary GENERALIZED METHOD OF MOMENTS (GMM) ESTIMATION RESULTS®
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(3)
(1) (2) Division and
Division Reunification Reunification
Efficient Efficient Efficient
GMM GMM GMM
Commuting Travel Time Elasticity (k&) (.0951** 0.1011** (0.0987***
(0.0016) (0.0016) (0.0016)
Commuting Heterogeneity (&) 6.6190*** 6.7620*** 6.6941**
(0.0939) (0.1005) (0.0934)
Productivity Elasticity (A) 0.0793** 0.0496** 0.0710**
(0.0064) (0.0079) (0.0054)
Productivity Decay (0) (.3585*** 0.9246*** 0.3617***
(0.1030) (0.3525) (0.0782)
Residential Elasticity (7) 0.1548** 0.0757* 0.1553**
(0.0092) (0.0313) (0.0083)
Residential Decay (p) (.9094*** 0.5531 0.7595***
(0.2968) (0.3979) (0.1741)




\What is true with respect to the results?

(multiple answers may be correct)

The commuting
time elasticity
implies that
utility
decreases by
about 70% after
10 minutes of
travelling

Vv

There is hardly

heterogeneity
in commuting
preferences

X

Agglomeration
economies are

strong relative
to the literature

v/

There is hardly
adecay in
agglomeration
economies
within Berlin

X

Residential
externalities
are much more
important than
agglomeration
economies

X
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Implied decay of commuting and externalities

TABLUE Vi
EXTERNALITIES AND COMMUTING COSTS"

(1) (2) (3)
Production Residential Utility After
Externalities Externalities Commuting
(1x e~ %7) (1 x e~ PT) (1 x e~ %7)
(0 minutes 1.000 1.000 1.000
| minute ().696 0.468 ().U85
2 minutes ().485 .219 (0.971
3 minutes ().338 0.102 (0.057
5 minutes 0.164 0.022 0.929
7 minutes ().079 ().005 (.902
[0 minutes 0.027 0.001 ).863
|5 minutes 0.004 ().000 ().802
20 minutes (0.001 ().000 ().745
30 minutes ().000 ().000 (0.642

4Proportional reduction in production and residential externalities with travel
time and proportional reduction in utility from commuting with travel time.
Travel time i1s measured in minutes. Results are based on the pooled efficient
GMM parameter estimates: 8 =0.3617, p = 0.7595, k =(.0148.



N il axbicp = Given chosen parameters {a, 3, u} and estimated

. Recursive estimation

. Empirical evidence parameters {r?: £,4,0,N, 5} we can investigate what
. Counterfactuals

. Summary happens if you change fundamentals

* The procedure is described in Supplement, pp. 56-
57

* Theideais that you have a change in say travel

times 7;;
* Due to reunification or division

 Update values iteratively
(i, 710 Hrio Hyoo Vi, Wi, E[W)i], Q, 6,
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 ITOCNC O = Given chosen parameters {«, £, it} and estimated

. Model set-up
. Recursive estimation

. Empirical evidence parameters {r?: £, A:0,n, ﬁ} we can investigate what
. Counterfactuals

. Summary happens if you change fundamentals

* The procedure is described in Supplement, pp. 56-
57

= Theideais that you have a change in say travel

times TU'

* Due to reunification or division
* Update values iteratively

(i, i1 Hroo Hyuo Vi, Wi, E[Wg)i], Q;, 6,

22 Why does the economy not collapse into a point?
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one point?
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5. Counterfactuals

1. Use 1936 values to simulate land prices in 1986

e Simulate division

2. Use 1986 values to simulate land prices in 2006

e Simulate reunification

TABLE VII
COUNTERFACTUALS®

(1)

(5)

AlnQC AlnQC
1936-1986 19862006
CBD 1 —0.836** 0.363*
(0.052) (0.041)
CBD 2 —0.560** 0.239*
(0.034) (0.025)
CBD 3 —0.455*= 0.163*
(0.036) (0.031)
CBD 4 —(0.423*= 0,140+
(0.026) (0.021)
CBD 5 —0.418*= LT
(0.032) (0.032)
CBD 6 —0.349* 0.100**
(0.025) (0.024)
Counterfactuals Yes Yes
Agglomeration Effects Yes Yes
Observations 6.260 7.050
R- 0.11 0.12

= Land prices are close to RF-results
= Agglomeration economies are important!



6. Summary

. Introduction

. Model set-up = (Goals of this lecture

. Recursive estimation
. Empirical evidence
. Counterfactuals

. Summary 1. You should understand the model structure of

ARSW

* Simple CD productivity and utility,

* Workers and productivity interact via
commuting and agglomeration economies

* Inelastic land market
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6. Summary

. Introduction

. E:::F:L?E::Etimatinn ? Goals Gf this leCture
: Empirical evidence
. Counterfactuals
. Summary 2. You should be able to estimate ARSW model
* Straightforward recursive estimation using
OLS/2SLS

* OR more advanced GMM techniques
* Gravity commuting equation is key!
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6. Summary

. Introduction

. Model set-up = (Goals of this lecture

. Recursive estimation
. Empirical evidence
. Counterfactuals

o 3. You should understand the pros and cons of

applying the ARSW model

+ Combines a structural model with proper
empirical identification

+ The model seems to replicate reality quite
well

+ Itrelies on data sources that are widely
available

+ The model estimates spatial friction/decay
parameters directly from the data
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6. Summary

= (Goals of this lecture

3. You should understand the pros and cons of
applying the ARSW model

Model structure (CD/CES) is quite
restrictive and does not include other
urban frictions

Is the equilibrium really unique?

The modelling of heterogeneity is
somewhat contrived

What do the location fundamentals (4;, B;)
capture?

Estimation can take a long time
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. Introduction !
. Model set-up . YESterdaY'

. Recursive estimation

. Empirical evidence 1. Spatial ECOllometl‘iCS

. Counterfactuals

. Summary * Spatial data, autocorrelation, spatial regressions
2. Discrete choice

 Random utility framework, estimating binary and
multinomial regression models
3. Identification

 Research design, IV, OLS, RDD, Quasi-experiments

= Today:
' Hedonicnric
1] s
5. Quantitative spatial economics
URBAN SOOI N » General equilibrium models in spatial economics
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