Why did highways cause suburbanization?
The role of highway congestion
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I Introduction
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I Introduction

I XB4ME (Suburbanization)

| EEEAFZT (Canonical Urban Model)

I Lucas and Rossi—Hansberg (2002), Ahlfeldt et al. (2015)
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I Theoretical model
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I Theoretical model
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I Theoretical model
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I Theoretical model
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I Theoretical model
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I Theoretical model
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Theoretical model
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I Theoretical model
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I Theoretical model

| BHTETIL

| Tihmhi5s
T D LS (Saiz, 2010)
H, = d;K;
d; = dQ?’_

d; - AREEFE

K; : #hEER)7E LD RS
d: EH

p o L MissE A%

06/18 BAERWS 15




I Theoretical model
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Theoretical model
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I Numerical Calculation
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I Numerical Calculation
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I Numerical Calculation
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I Numerical calculation
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I Numerical Calculation
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I Numerical Calculation
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I Numerical Calculation
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Numerical Calculation

06/18

parameters value
a 0.95 Lucas and Rossi-Hansberg (2002)
consumption share ' Brinkman (2016)
ﬁ 0.9 Lucas and Rossi-Hansberg (2002)
production technology ' Brinkman (2016)
K 175 Saiz (2010)
Elasticity of floor space supply
d 1 Saiz (2010)
Constant parameter (floor supply)
_ 6(1 ' 0.3 Ahlfeldt et al. (2015)
Production externality
Pa 0.08 Ahlfeldt et al. (2015)
Spatial decay
‘ 5b . 0.15 Ahlfeldt et al. (2015)
Production externality
Pb 0.03 Ahlfeldt et al. (2015)
Spatial decay
€ 4 Ahlfeldt et al. (2015)

Amenity dispersion
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Numerical Calculation

ax & Exogenous variable value

IE K The average of land area of central city
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M 7
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I Numerical Calculation
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I Numerical Calculation
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I Numerical Calculation
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I Numerical Calculation
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I Robustness check
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I Heterogeneous Commuting Cost
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I Fundamental law of road congestion
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I Robustness check

I Fundamental law of road congestion
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IGuide to empirical analysis

I Baum—Snow (2007, Q. J. Econ.)
I #EE
pj = Bo+ [1z; + BX + ¢
p; :log(CC pop.in 1990) — log(CC pop.in 1950)

Zj : number of highway rays in the central city
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IGuide to empirical analysis
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Alog CCpop — Alog L
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IGuide to empirical analysis
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IGuide to empirical analysis

| EBSGETIL

I Canonical Urban Model S1IRZEETILDZELDN
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IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology

| EFE
| 385 a8l
REAZHENZIEE

Bound estimates

A
' N\

|

Point estimates

06/18

— #EEE

RERDZFTFSNGDGE

Bound estimates

A
‘ £ —— e

Point estimates

50



IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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| BERR A B4 : Manski (1997)
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06/18 BAERIWS 53



IData & Estimation Methodology

| #EFE
| E7aEn
| EHEABAEE: FHLER (¢, > t)

poP(z > ta) + Z Elp|z = s] Pr(z = s)

s<to

— Z Flp|z = s]Pr(z =s) +p1 Pr(z <t)| /(ta —t1)

s<t1

<{E[p(t2)] — Elp(t1)]}/(t2 —t1) <0

06/18 BAERWS 54



IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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I Convex + BRI 2 BE%4 : Manski (1997)
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IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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IData & Estimation Methodology
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I Finite Sample Bias: Imbens and Manski (2004). Kreider and Pepper (2007)
BIEE G EZFERAT SR, Bound NBDICHESIND
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IResuIts of Empirical Analysis

3
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RHETE
Pi = Po+ Pr1zi + PX + ¢
pj: log CCpopgy — log CCpopse. 7z : MIREEED A
| TOMDER
(i)  :4/1950 CC area

(ii) . (i) + Alog simulated income

(i) (i) + Alog MSA pop.

(iv) (i) + Gini coef ficient

« Open city model & &1
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(v) : (iii) + log 1950 MSA pop.




IResuIts of Empirical Analysis

| HE
1 9527
1. 9 NTO Metropolitan Statistical Area (MSA) — 240#3TH
2. 1950F B mTHUDERT M A A A 50,000 A L L — 151#RTH
3. 1950 K THILERT D ABA A 75000 A LL L — 111#H
4. 19504 F5m CEBTER D A O A 100,000 A LA L — 165&kTh
5. 2. L4 OEBEEH — 139#kTH
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Results of Empirical Analysis

| #E
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| SHEE
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E
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All MSA in 2000

9

CC pop. = 50k

in 1950

1

CC pop. > 75k
in 1950

MA pop. = 100k

in 1950

o
CC pop. = 50k &
MSA pop. > 100k
in 1950

Panel A: Point estimation

(i) -0.000=== -0.108=" -0.128%=* 0105 0119
[-3.44) [-3.34) [ -247) [ -3.10) (-3.11)
(i1) 0.078=== -0.113=== -0.130=== -0.008=== 0115
(-3.26) (-3.39) (-2.63) (-3.15) (-3.23)
[iii) -0.133=== -0.130==- -0.130=== -0.137=== -0.128===
[ -4.27) [ -4.03) [ -340) [ -3.65) (-3.77)
{iv) -0.131=== -0.120=== -0.125=== -0.118=== -0117===
(-4.41) (-4.08 ) (-3.80) (-3.64) (-3.99)
(v) -0.100== -0.009= -0.129== -0.120=- -0.106+
[-2.07) (-1.92) (-2.13) (-2.15) [ -1.98)
Panel B: Bound estimation
(vi) [-0.328, 0] [-0.217, 0] [ -0.260, 0] [-0.361, 0] [-0.239, 0]
C. L [-0.333, 0] [-0.223, 0 [-0.267, 0] [ -0.370, 0] [-0.245, 0]
(vii) [0.172,0] [ -0.088, 0 [ -0.065, 0] [-0.145, 0] [ 0.086, 0]
C. L [ 0175, 0] [ -0.060, 0 [ -0.066, 0] [-0.147, 0] [ -0.000, 0]
No. Obs. 240 151 111 105 130
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Results of Empirical Analysis

| #E
| HEEREER

I Bound estimation: (vi)

EFRRADBER + RIER R

BHEFEI{ED Bound D H

Bound estimates

A

HEE

=
4

06/18

All MSA in 2000

9

CC pop. = 50k

in 1950

1

CC pop. > 75k

in 1950

MA pop. = 100k

in 1950

B

CC pop. = 50k &
MSA pop. > 100k

in 1950

Panel A: Point estimation

(1) -0.000=== -0.108=" -0.128%=* 0105 0119
[-3.44) [-3.34) [ -247) [ -3.10) (-3.11)
(ii) 0.078=== -0.113=== -0.130=== -0.008=== 0. 118===
(-3.26) (-3.39) (-2.63) (-3.15) (-3.23)
[iii) -0.133=== -0.130==- -0.130=== -0.137=== -0.128===
[ -4.27) [ -4.03) [ -340) [ -3.65) (-3.77)
() -0.131=== -0.120=== -0.125=== -0.118=== -0117===
(-4.41) (-4.08 ) (-3.80) (-3.64) (-3.99)
(v) -0.100== -0.0049= -0.129== -0.120=- 0,106+
[-2.07) [ -1.02) (-2.13) [ -2.15) [-1.08)
Pro P el ne et
(vi) [-0.328, 0] [-0.217, 0] [ -0.260, 0] [-0.361, 0] [-0.239, 0]
C. L [-0.333, 0] [-0.223,0] [-0.267, 0] [-0.370, 0] [ -0.245, 0]
(vii) [0.172,0] [-0.088, 0] [ -0.065, 0] [-0.145, 0] [ 0.086, 0]
C. L [ 0175, 0] [-0.080, 0] [ -0.066, 0] [-0.147, 0] [ 0000, 0]
No. Obs. 240 151 111 105 130
BAEIWS



Results of Empirical Analysis

| #XE

T 7. T T E.
e %:l: % . . i . CC pop. = 50k &
h e CC pop. = 50k CC pop. = Thk MA pop. > 100k o
I 1:& P akii=] Al MSA in 2000 bop. = bop. = o MSA pop. > 100k
m 1950
I B d " - . ( " a1 | /| gl
ound estimation: (vii (i) -0.000°* 0.108*** 0198+ 0.105°* 0112
(-3.44) (-3.34) (-2.47) (-3.10) (-3.11)
A8 = o~ ] ' | sle
Convex + ﬁﬁ g ) ’_J/\Eg ’;Izﬁ + 5‘%1’E '&jj";& (ii) 0078 0113 0,130+ 0,008+ 0118
(-396) (-2.39) (-2.63) (-315) (-393)
[o) > . e §
N - |—'—|1 75* (iif) 0,133+ 0.130%+* 0,130+ 0,137+ 0198+
2-, 3-7 D. O) Ij /7 )I/ C\ :'#\ *EI:E IE \ (-427) (103 ) (-3.49) (-3.65) (-377)
(iv) 0.131%% 0,120+ L0125+ 0118+ 0117+
Bound @) %iﬁ\l] [Z % é (-441) (-4.08 ) (-3.80) (-3.64) (-3.99)
v) -0.100+* 0.000* 0,122+ 0,199+ -0.106*
(-207) (-1.92) (-2.13) (-2.15) (-108)
Bou nd eStI mates Panel B: Bound estimation
(vi) [-0.328, 0] [-0.217, 0] [-0.260, 0| [-0.361, 0] [-0.239,0]
AL C.L [-0.333,0] [-0.223, 0] [-0.267, 0] [-0.370, 0] [-0.245,0]
7 D > (vii) [-0.172,0] [-0.088, 0| [ -0.065, 0 [-0.145, 0
C.L [-0.175,0] [-0.000, 0 | [ -0.066, 0| [-0.147, 0]
No. Obs. TI0 51 T 75

I —
i
it
T

HERE
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IResuIts of Empirical Analysis

| #XE

| #EFEE robustness check
| ¥54E (h/p ratio)
z [pop
ABEYDOESREBORE: /NSy — BHL TS
REL — ZVTLDHIE
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Results of Empirical Analysis

h/p ratio in CC h/p ratio in MA
below median below quartile below median below guartile

| #XE

Panel A Point estimation

g . (i) -0.093** -0.092%** -0.079%** ~0.105%

| HEFSER robustness check (FIl)ERTH) (-379) (-4.45) (-320) (-3.60)
. (ii) -0.090*** -0.086*** -0.076™** -0.094**

[ 7J:EII:%ELTL\%)1'H_1.EZ (belOW med|an) (-3.57) (-4.05) (-2.98) (-3.42)
. (iii) 0.112%* -0.121%** 0.104%** 20.136%

,lﬁ ?EIE“E — —0011 ~ -0.09 (-4.48) (-5.14) (-3.98) (-3.93)
(iv) -0.109** -0.123*** -0.100%** -0.132%

Bound — —0099 ~ 0 (-4.24) (-4.99) (-3.71) (-4.03)
(v) 10.113** -0.092** -0.107** -0.175*

N ,ﬁ*ﬁiﬁﬁ(i Bound 0)91*1,&'] (-3.01) (-2.57) (-2.43) (-2.21)

. Panel B: Bound)estimation
Bound estimates vi) | [-0108,0]  [-0.189,0] [-0150,0]  [-0.225,0]
\ C. L [-0.113, 0] [-0.194, 0 ] [-0.166, 0 ] [-0.229, 0]
' \ _ _
> (vii) [-0.008, 0 ] [-0.116, 0 ] [-0.108, 0 ] [-0.117, 0]
‘ *ﬁiﬁﬁ C. L [-0.099, 0 ] [-0.119, 0 ] [-0.110, 0 ] [-0.120, 0 ]
No.obs 119 180 113 179
RHETE
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Results of Empirical Analysis

| #XE

h/p ratio in CC

h/p ratio in MA

below median below quartile

below median below guartile

Panel A: Point estifnation
o 4k (1) -0.093*** -0.092%** -0.079%** -0.105%**
| #EEHLEE robustness check (BPTHE) (-3.79) (-4.45) (-3.20) (-3.60)
. (ii) -0.090** -0.086%" -0.076™** -0.094***
;E%?E LTL\%)i’H_jaiEj (beIOW medlan) (-3.57) (-4.05) (-2.98) (-3.42)
L (iii) -0.112%* -0.121*** -0.104*** -0.136***
,lﬁ ?EIE“E — —-0107 ~ -0079 (-4.48) (-5.14) (-3.98) (-3.93)
(iv) -0.109*** -0.123*** -0.100*** -0.132%+*
Bound N _0099 ~ 0 (-4.24) (-4.99) (-3.71) (-4.03)
(v) -0.113%* -0.092** -0.107** -0.175**
—_— ,ﬁ\ *EE{IE (j: Bound 0) W{EIJ (-3.01) (-2.57) (-2.43) (-2.21)
: Panel B: Bound estgnation
Bound estimates (vi) [-0.108, 0 ] [-0.189, 0 ] [-0.159, 0 ] 1-0.225, 0]
A C. L [-0.113, 0] [-0.194, 0] [-0.166, 0 ] 1-0.229, 0 ]
' \
—> (vii)  [-0.098,0]  [-0.116,0] [-0.108,0]  [-0.117.0]
] *E;"Eﬂ'ﬁ C. L [-0.099, 0 ] [-0.119, 0] [-0.110, 0] 1-0.120, 0]
No.obs 119 180 113 179
HEE
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IResuIts of Empirical Analysis

| #5E

I Robustness check

pi = PBo+ P1z; + BX + €

I Potential endogeneity (Garcia—Lopez et al., 2015; Baum—Snow et al., 2017)

(i) :v1950 CC area

(i) . (i) + Alog simulated income
(i) (i) + Alog MSA pop. - Potential endogeneity
(iv) (i) + Gini coef ficient

(v) (i) +1og 1950 MSA pop. - Potential endogeneity
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IResuIts of Empirical Analysis

| #XE

I Robustness check
I Potential endogeneity
Alog MSA pop
IREZE$ % F A (Garcia—Lopez et al., 2015)
FADOABEM - ZIBOEHEO A OB
log 1950 MSA pop
1940F DEHEIRND AAZKHYICAHWLS
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IResuIts of Empirical Analysis

|
I Robustness check
pj = PBo+ b1z + BX + ¢
| ZDMDZEEL: (i) V1950 CC area + Alog simulated income
viii. : (ii) + Alog MSA pop.

ix. :(ii) + Gini coef ficient + Alog MSA pop.

x. (i) + Gini coef ficient + Alog MSA pop. + log 1950 MSA pop.
xi. : (i) + Gini coef ficient + Alog MSA pop. + log 1940 MSA pop.
xii. : (ii) + Gini coef ficient + Alog MSA pop. + log 1940 MSA pop.

06/18 BAERWS 73



Results of Empirical Analysis

| #XE

1. 3. 3. 4. 5.
- = - e . CC pop. = 50k &
. CC pop. > 50k CC pop. = Tak MA pop. = 100k R -
= ¢4 All MSA in 2000 : - : z i z MA pop. = 100k
I *ﬁm%n % : Robustness Check in 1950 in 1950 in 1950 in 1050
ol AT
. . {viii) -0.138=== -0.133%== -0.140%= 0142 0131
Y c A1 ‘e Ay ¢ a
I Potentlal endogenelty [ -4.96 ) [ -4.17) [ -358) [ -3.81) (-3.80)
(i) -0.136% -0.127%== -0, 120 0120 0127
(-4.30) (-4.32) (-3.95) [ -3.00) (-4.17)
+ s = S
%n ( }4/ 0) 0) ’i b x) -0.113 -0.099= -0.122= 0127 -0.107=
(-1.85) ([ -1.89 ) (-2.10) (-2.13) (-2.01)
N < (i) 0107 -0.0095= 01T 0115 -0.103
2 3.5 O)-lj-\ T\E — 75& (-2.04) (-1.70) (-181) (-2.05 ) (-183)
N B , N | W ! A 1 . J
"y =y . /7)L II\\?EE{ ) ‘ ‘ ‘ ‘
(xii) -0.113 -0.003* -0t -0.121 -0.nag=
(-1.72) (-1.82) [ -1.96 ) [ -1.96 ) (-1.85)
0) 9*1 IJ [ % é Panel B: Bound estimation
Bound (vi) [-0.328, 0] -0.217, 0] [ -0.260, 0] [-0.361, 0] [-0.239, 0]
C. L [-0.233, 0] [-0.223, 0 [ -0.267, 0] [ -0.2370, 0] [ -0.245, 0]
Bou nd eStI mates (vii) [-0.172, 0] [ -0.088, 0 [ -0.065, 0] [-0.145, 0] [ -0.086, 0]
C. L [-0.175, 0] [ -0.0890, O [ -0.066, 0] [-0.147, 0] [ -0.080, 0]
_A
Vel N\ No. Ohbs. 240 151 111 165 130
—lp
‘ HEEE
R TE
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I Conclusion
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