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1. Introduction

X R
— BELIZEER (Quasi-experimental Design) 4 o () stz )
o 8Al7T—2DIET VA L1t (non-randomization) % FHEE \\@
:ax/gA,ft-j—% Ta&bd)%ﬁ%.l_agiﬁ B A A N & ..........
— DID (difference-in-differnce) approach --------------------
o BHROHBICEILD > TN F ) —RNEHLER SN BEICFER \- /®\ -/
« {R7E : SUTVA (the Stable Unit Treatment Value Assumption) WER < > WER
P (i (unit)fE] CTZEREBY T DL ORBRIHROLBICEY, &5 L—FIEEH
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— multiple-outcome DID method for multiple & sequential transportation interventions
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2. Spatial difference-in-differences technique

AN

« i=(1,2,...,N) . BRIB{L (observational units index) c p MEBEOMEBEWRERZADEM/INTX—4
« t=(1,2,...,T) : BAME (time periods) .« 1: BAI1T5

o t* DALIED S T NTCHAR] « Wy ZEEEHMTY] (BHEMPEREICE D)

« W =bdiag(Wy) : NTXNTO X A1T5!

« D;ef0,1} : BABRMGDTIL—T (0 WBHRL——1:WLEDHD)
« o HEHFRD/INTX—4Z

* T, e{0,1} : HBAR (1 : uniti® T E DHAR)
* Vi CBHASNIET O NAL

fri}

&
o parallel-trends : SLED LD -7 5, WEEF L HRE Hiparallelilevolve T B

« unconfoundedness or ignorability (FE3Z#&1E) : S TORBRIGHBRERICEIDECIRARRICHNRT S
—AEEX T IFER AR R4 & F D A#:1EIR

« homogeneity in the average effect of treatment (FFIIERIRB D E—1%) — Average Treatment Effect (ATE) %Z fiZFR



2. Spatial difference-in-differences technique

Spatial DID regression model for a single binary treatment (Delgado & Florax, 2015)

y=agt+ oD + T + as(I + pW)DoT + ¢ ATE ={E[yID=1,T=1] = E[y|ID =1, T = 0]}—
=agt + D + T + azDoT + a3 ,WDoT + ¢ ...(1) (EpID=0,T=1]—E[yD=0, T = 0]}
® @ ® O) ® ® = a;. ...(2)

L NTXIDAY b D BUBEAL(ZER) T:HAR(FRE) DoT: MEICLDHR e 5rE

BEETILELY —MRIE
EGHEDEMIZ K HSUTVAR G DOEM (FENREMA I EICKDIRE LA —/N\—DFRR)

! p=0

Non-Spatial DID regression model for a single binary treatment <+ Standard DID regression model

y=apt+ oD + T + azDoT + ¢ ATE(wd) = {E[y\D=1,T =1, WD =wd] —E[y|D=1, T = 0, WD = wd]}—
.(3) (EpJD=0,T=1,WD=0]—E[y|D=0, T =0, WD = 0]}
= o3 + a3 pwd (&)



2. Spatial difference-in-differences technique

Spatial DID regression model for a single binary treatment (Delgado & Florax, 2015)

y=agt+ oD+ T + az(I + pW)DoT + ¢

=agt + D + T + azDoT + a3, WDoT + ¢ ...(1)
@ @ ® O, ® O,

Spatial DID regression model for multiple binary treatments «| Z<ifF3% CRIFH

J J J I T J I T
Z Z ( °DkJ + Z D (t— 1)T Z z Z 2t 1(D °Dk°T) Z Z Z a?.jtkl,p(W(DjoDk)oE) + €
j=1 kzj f f t=2 j=1 kzj t>t* ;

@ ® O] ® ®

i k& L ')2’)@&&%
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2. Spatial difference-in-differences technique

Spatial DID regression model for multiple binary treatments <«

2N AR

PULEH S TN L FDOFHRARNR

(EHREEENE I

ADTE = {E[y|D;=1,T» =1,D,=0 Vj # s, WD, =0 V]
—E[ID;=1,T=1,D,=0 Yj # s, WD; =0 Vj]}
—{ElylD; = WD, =0 V j, T = 1]

— ElyID; = WD; =0 ¥ j, T = 1]}

S S : * !
Ay =y, if 67 <t' Il

K z{aZSt"l’ if t/ <tr<t”. [
ET o

AITE (wd) = {E[y|D; = 0 ¥ j, T = 1, WD, = wd,, WD; =0 Vj # s
—EID, =0 Vj, T =1, WD, = wd,, WD, =0 V¥ j # s]}
—{EyIDj= WD; =0 Vj, T» = 1]
—E[ID;= WD, =0 V), T = 1]}

(6) )
~

\\ = .”Ul/
MREDTTIHRDI I ENTE S HBERMGRE

{(a;t,,_l,p —asp_wds, if <t [l

C(zst”_l,pwds, if t, < tS* < t”, D

- |:| treated untreated controled
JUIE 0 0 0
L tﬂ*l t’ 1 t" [] L t' 1 tﬁ*l t" ] LI—J
I T 1 1 1 I 1 T 1 1 WUE s 1 0 0
ALE s ALE s ADTE 1 0 0
AITE 1 1 0

/IFi’J FSESIES
ATE(wd) ={E[yID; =1, T» =1, WDy =wd;, Dj = WD; =0 Vj # 5]
—EyID;=1, T =
—{EyIDj = WD; =0 Vj, Tr = 1]
—EDID; = WD; =0 Vj, To = 1]}
_ {a — &y + (@, = a1 wds, i<t W

Aypr_q + Aypr_q pwds, ift'<tr<t”. O

ATE = E{ATE(wd)

o

s s o
Qypr_1 + Aypr_y owds,

1, WD, = wd,, Dj = WD; =0 Y j # s}

‘L BERATUESEZZIT-FEHNLEAE

Oypr_1 = Qypr_q + (aZSI"—l,p - a;t'—l,p)sta if 7 <t [ |
W = : ! n
if <t

..(8)
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2. Spatial difference-in-differences technique

Spatial DID regression model for multiple binary treatments «| Z<ifF3% CRIFH

Fﬂﬁs,q b\#} C_k nick E_X' ) zFi/;j %'}*}J% treated | untreated | controled
AL s 1 0 0
ATE (wd) = {E[y|Ds = Dq =1, T =1, WD, = wd, WDq = qu, Dj = WDj =0V # s, q] L q 1 0 0
—E[lesquz 1, T, =1, WD, = wd, WDq=qu,Dj= WDj=0 Vj # s,q]} ADTE 1 0 0
—{EID;=WD; =0 Vj, T» = 1] AITE 1 1 0
—E[lej: WDj=0 v, T, = 1]}
rO‘zst”~1 - a5y g+ (azst”—l,p - azst’—l,p)st+ B ]
azqt"—l - a??t’—l + (a??t”—l,p - azqt’—l,p)qu+ 1 tq*| t' 1 t" ] 1 t' 1 ti*l t" 1
S Si S Si : * ’ 1 1 1 1 1 T T 1
=< Olzﬁﬁ_l - 0(2;1,_1 aF (az;ln_l,P = aZlg—l,p)std‘J’ if ts < t - m%l‘ m%l‘
s s [E.S, [ELS,
OCZt"_l + aztﬂ_l’deS + Olzqt”_l + Olgt,,_l’deq+ q q
st + aghy wdsd, if <tr<en] ---(10)

(XIMBsOHMAEN & =DEHEENE N

ATE(wd) = {EyID; = 1, T = 1, WDy = wdy, D; = WD; =0 Vj # s]
—EID,=1,T =1, WDy =wd;, D;=WD; =0 Vj # s}
—{E[yID; = WD; =0 Vj, T = 1]
—E[D; = WD, =0 Vj, T = 1]}

{aZSt”l - aZSt’fl + (azst”fl,p - azsr'fl,p)st, if ts>|= < t'

Ayr_q + oczsr"_l,pwds, ift' <<t .. (9

o
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2. Spatial difference-in-differences technique

Spatial DID regression model for sequential binary treatments <« ZNfFZ5 CTRIR

FAFEIE—BETRERDBDITTIEAL.

VA
+ 2 2 o
j=1 k>j =2

2DDE

J J
DjoDy | + Z -1l + Z Z

j=1 kzj

DHELGIHFICAIND+XE

T
Z o5
t;max(tj’-k,tk)

J J
DjoDioT |+ D) D,

% sequential = multiple AR

-
ik
Z a?_]t—l,p W DjoDy |oT;| + €

Jj=1 kzj .
t>max tj’!‘,tk’f

(1)

EREREEE LORNEARLZZER TS ETILIEL?

PUEs g B INTcE SOFHRRMR FIRIL t* S <t*<t) CEEE R
I I 1 1 1
_ N _ _ _ WD —0 i T 1
ATE(wd) = {E[y|D, = D, = 1, T» = 1, WD, = wd,, WD, = wdy, D; = WD; =0 V] ;e 5, q] wigs g
—E[yD, =D, =1, T, =1, WD, = wd,, WD, = wd,, D; = WD; =0 Vj # s, ql}
~ {EbIDy = WD; =0 ¥, T = 1l e,
— E[leJ — WDJ — 0 Vj, Y-tv’ — 1]} " I— IV ~— - }
= o3y — a3y + (@31 p — O3y ) wdst ATE(wd) ={E[yIDs = 1, T» = 1, WDy = wd,, D; = WD; =0 V j # 5]

q q
Aer_q + oYL

g
,_lpwd +ayh ook

” lp

wd,d,.
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3. Practical 1ssues related to empirical implementation

Spatial AutoRegressive errors (SARERZ) ¥ Spatial Error Components ( SECa',:k#)

______________________________________________________________

« SARERRE ! H35MmD> 3 v IHMIOETOMRITE R
« SECERE :
— HERE [Z 1 Seemingly unrelated regressions (SUR)Z FHL 3

HET R REBEE R OBBORNDOHEICL<AWVWSNDS

J o T J T T ' A

Z Z 7| DjeDx | + Z %e-nTt + Z Z Z 1| DjoDoT; | + Z Z

j=1 k>j =2 j=1 k=j tzmax(tf’[,t] j=1 kzj
| ¥hak

M
=p, Whem + Uy,
Unm = (L’I’ X IN),Um + Um

Vo = ZmOm + X, + €my m=1, ..,

REZAEINA—N—F B3R LBVEDICTITS

| (DZER S 2 £ ILSLM)
- REEZHEICECHEBEZEA

- ZEfERY - HRRIGMHEFRAORBRE
LTELCK 58 oETILE

Q@ZEEFRZE T T JL(SEM / SAR)
i i - EEERICHSHEEEEA

Y k| W[Denefon| e - EENICRREOHZBRAREL LD
t>max(t]’!‘,tk T g Flfﬁ %LEE |
(11 - SARE, SECEREBIOETFIOLD |
o i 2% | http://elsur.jpn.org/mt/2018/07/00265 1 .html |
(13) e
.(14)
(15  — GLS(—btm/N_TFEEE) 218D

Z., - spatial DID DZ %
(NTXP DY MU w IR, PAFERmDTFHOFHEICHELRZEDE)
X + S ERY 75 HIE
(NTXP XDt wI R, PXIEERmDOAEZHOEK)
em - —RZEFECHEBEBRICESREE (NTX1DOARY ~L)
pm - ZEEHCHEBENT X—%
Wo=I ® W, (WnldZEBEHT)

Uy - RRFENICHERE T B R ETE (NT X 1D ~L)
7 - TX1DORZT ML
Iy . order NOEARIY A wI X

Fon = W by) - BALICE R R ERETR
Vi = Wi (D) Wi (D) - BB EREE

2
BN oo Gy O
E(Vm)('ul )= ’ 2
m 0 gulnr
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3. Practical 1ssues related to empirical implementation

Obserevations within each treatment group
s BUIN—T (Bf) RICTHDBERAHD H B Z & HEiR
- ZEHBEHOZADBRF v IHNE

Assessing goodness-of-fit (HTldFE O DR I DE{h)
o PIMALDIDDBE - REFRBRZAVNIZREL
« 5@ GLSEFTILTIE, HEERED2EEZA VS :

A ) (5, = 50 G = 5T
corr ym’ ym - A =~ ! A -~
[(ym _)_)m),(ym _-)_}m)][(ym _ym) (ym _ym)] "'(17)

Yt BURI S NTBTERIR 77U b 71 L (observed potential outcome)
V.o 74V rIERETINAL
Y, YD > T ILEEE
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4. — Empirical setting

TOD (trandit-oriented development)

. social welfare and transit service quality? <«— {173, gentrification DHEE

— Denver light rail system |- & S #R3E

....................................................................................................................................................................................

1994 Denver light rail system began operation
= Treatment 1
*  The light rail of the Regional Transportation District (RTD)
* 13 stations / spanning 5.3miles
2000-06 3 system expansions & new zoning regulations
= Treatment 2
* 22 new station opened
* new zoning regulations around transit stations
(—high density & mixed-use development)

!

< tF<t,* <t

Census Census Syear ACS*
1990 1994 2000 2000-06 2011
1 | |
1 T T 1
Treatment 1 Treatment 2

*2009-13 five-year American Community Survey (ACS)

)

HEERHB1Y T
IV

—“directly treated”

directly treatedD* 5
171 LA

“indirectly treated”

directly treated group
D
1994 64
2000-06 151
both 19

Denver® f THREA
TH < FHZ RIS
wakiis

N
JAbL &
) FUNSNS T
s R
B s
i var e
by ey
By Ty
R
B [0 “oes_o0s 1 Miles |

30th / Downing Station

27th St/ Welton Station
()
.Zﬁﬂ'S(/(NeIton Station

. e

ifaX‘at’ A rana‘ Statioi
77/////////////4,

B Light rail stations, 1994 (Treatment 1) D Directly treated group, Treatment 1

B Lightrail stations, 2000-2006 (Treatment 2) | Directly treated block groups, Treatment 2
[/77] irectly treated group, Overiap
[ JstudyArea

A spatial multiple treatment/multiple outcome difference-in-differences model with an application to urban rail infrastructure and gentrification (2019)
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4. — Quasi-experimental design & Estimation approach

Spatial DID regression model for sequential binary treatments

I T 7o T
+ZZ DjoDi |+ 25w Ti+ 0y 5
j=1 t=2 j=1 k=j

J’

| &

j=1 k=j
t>max| t¥*, t;(“

o A
| DjeDeoTy [+ 2 D0 25 adiy | W DD [T [ +¢

E
t>max[zj,tk

D, : Treatment 1ZZ|F7=H S5 H
D, : Treatment 2% 2T 7= H S5 H
Djo D, ¢ Treatmentl, 20 overlap
T, : 20005
T; . 20114
W t=1,2,3
cut-off distanceH’1 < -1 )L D ZERIE A175

y =yl + oD, + afD, + ai?DyoD, + oo T, + a3 D;oT, + oc3pWDloT2 + as Ty + adDyoT; + ocspWDloT3 + aZD,oT; + a5pWDon3

+ C(SlleODZOT}, + aSpW(D10D2)0T3 + €

Table 1
Total ATE for the sequential-treatment spatial DID specification shown in Eq. (18).

(18)

indirect effects

Treatment Effects 1990-2000

2000-2011 1990-2011

Treatment 1
Di=1,D,=0,

WD] = Wd], WD2 =0, 1

< ¥ <t*<t”

Census Census Syear ACS*
1990 1994 2000 2000-06 2011
L [ []
1 T T 1
Treatment 1 Treatment 2

*2009-13 five-year American Community Survey (ACS)

W(D]ODz) =0

Treatment 2

D1=0,D,=1,

WD1 = 0, WD, = wds, -
W (DyoD3) = 0

Treatments 1 and 2

D1=1,D2=1, 1

as
WD, = wdy, WD, = wdy,

al + a3l,p wd;

A spatial multiple treatment/multiple outcome difference-in-differences model with an application to urban rail infrastructure and gentrification (2019)

W(D10D2) = Wdldz

1, P 1 1 i =r
az + azwd as — az + (a5, — a3, )wdy

a? + ocsz’ oWz

—af + (ad, — a3 )wd +
ad + ag,wdy+

tx5 + aspwd1d2

ad + ad jwd;

a? + zx_c,z,Pwdz

ad + ad wdy + ad+
ad wd;y + ad’+
adZwdd,

Note: The control group consists of block groups for which D; = D, = WDy = WD, = W (D;0D,) = 0.

15




4. — Quasi-experimental design & Estimation approach

EH—%

—

Yo = ZmOm + Xy, + €my, m=1, ..M

TILALDOER NERGHE BRE
FERBEEERT E7cD REARBZHET S0

T

Table 2
Definition of selected variables.
Name Definition
Income Median household income (thousands $2013)
Zm Educational attainment Percentage of the population 25 years old and over with at least a Bachelor’s degree
House value Median house value (thousands $2013)
[ Distance to CBD Distance between a block group centroid and the CBD (miles)
Population density Population divided by block group’s area (1000 people per square mile)
Percent black Percentage of population that is black
Percent Hispanic Percentage of population of Hispanic origin
Age Average age of the population (years)
Xm — Travel time to work Average travel time to work (minutes)

Percent labor force
Distance to park
Number of bedrooms
Year structure built

L Percent renter-occupied

Percentage of population 16 years old and over in the labor force

Distance between a block group centroid and the closest park over 40 acres (miles)
Average number of bedrooms for owner-occupied units

Standardized (z-score scaling) median year structure was built

Percentage of renter-occupied units out of total occupied units

EmlcHLTW, . W Z2EERTINE
Wi (RELA —N—R#EED -6 DRI E % EH)

W, (—EZEREE B O e £ £ 5)

SEIZESE5D,
OB Z LA L - QFEEEICIKTZ ]

_)® Wn=1r @ Wpyn

(2) distance / contiguity % {£F3
(BALICE > TAREIINEBXBREHLDS)

Wr;1 =Ir ® Wl;1N '

A spatial multiple treatment/multiple outcome difference-in-differences model with an application to urban rail infrastructure and gentrification (2019) 16



4. — Empirical analysis

2 S| A
* Zw (7O MALDOER) OFEHREDOEL
Table 3
Average percentage change in the outcome variables for the treated and the control groups

Income Educational attainment Housing value
Variable 1990-2000 2000-2011 1990-2000 2000-2011 1990-2000 2000-2011
Treatment 1 0.657 0.094 0.530 0.616 1.202 0.277 <—signiﬁcant increase:
(0.765) (0.360) (0.510) (0.724) (0.891) (0.396) . . .
Treatment 2 _ ~0.102 _ 0.149 _ 0.071 some impacts of light rail system
- (0.328) - (0.326) - (0.413)
Treatments 1 and 2 - 0.155 - 0.312 - 0.112
- (0.572) - (0.343) - (0.420)
Control group 0.230 —-0.122 0.159 0.107 0.609 0.002
(0.353) (0.249) (1.450) (0.391) (0.604) (0.350)

Treatment 1 is defined as D; = 1 in 1990-2000 and as D; = 1, D, = 0 for 2000-2011; Treatment 2 is defined as D; = 0, D, = 1; Treatments 1 and 2
is defined as D; = D, = 1; and the Control group is defined as D, = D, = 0. Standard errors are in parentheses.

 Parallel-trendsD F&REIE
o ZMHAHTE (BlkdHD) — FFE for D=D,=1, FAENEHME for D,=

1 —
Parallel- =X
. &AL BlAEL) > 20T —4% } aralic trends’EEE

- ZERH B S BB (spatial autocorrelation)HZEfE]BY ICFHEE 9 B 8RZ (spatially correlated errors) D' 5 £ L TWLWBHE S H
T30V aDREERBETKRIE. REILA—/N—FRKEA DZERIBY % heterogeneity DB EICEHHL 59, SREEISZEMNICEET 3.

—

dl
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4. — Empirical analysis

« SURETILICLKDBINT X—HFHE

Table 5 Table 6
Seemingly unrelated regressions model with spatial error components — Spatial sequential-treatment DID. Estimates of the seemingly unrelated regressions model variance-covariance matrix.

In(Income) Educational Attainment In(Housing value) In(Income) Educational attainment In(House value)

Group Indicators

0.090***

Unit-Specific Error Components

0.024***

0.030***

Dy —0.155 (0.088) —0.035 (0.039) —0.191 (0.083)" In(Income)
D, —0.100 (0.045)" —0.004 (0.021) —0.015 (0.040) Educational attainment 0.024™** 0.019™** 0.020™**
DyoD, 0.085 (0.125) 0.074 (0.056) 0.110 (0.109) In(House value) 0.030"** 0.020"** 0.042™**
Idiosyncratic Error Components
Time Indicators In(Income) 0.089™** 0.007*** 0.036™**
i3 0.206 (0.022)"*" 0.063 (0.012)"*" 0.587 (0.026)"*" Educational attainment 0.007*** 0.008"** 0.006**
T 0.037 (0.025) 0.120 (0.012)""" 0.536 (0.028)""" In(House value) 0.036"** 0.006"** 0.114***
Treatment Effects *p < 0.001, **p < 0.01, *p < 0.05, p <0.1.
DyoTy 0.096 (0.104) 0.008 (0.031) 0.235 (0.114)"
DyoTs 0.007 (0.107) 0.022 (0.032) 0.063 (0.118)
DyoTy 0.001 (0.056) —0.016 (0.016) —0.016 (0.062)
DyoDy0Ty 0.056 (0.149) —0.048 (0.044) 0.054 (0.166)
Spillover Effects
WDyoTo 0.156 (0.154) 0.043 (0.060) 0.109 (0.164)
WD;oTy 0.221 (0.174) 0.068 (0.069) 0.379 (0.187)"
WD,oTy —0.057 (0.090) 0.090 (0.034)"* 0.280 (0.099)"*
W (DyoD3)oTs 0.686 (0.354)° 0.065 (0.121) —0.068 (0.384)

Control Variables
In(Distance to CBD)
Population density
Percent black
Percent Hispanic
Age
Travel time to work
Percent labor force
In(Distance to park)
Number of bedrooms
Year structure built

Percent renter-occupied

0.267 (0.031)"*
—0.018 (0.003)"**
—0.336 (0.080)"**
—0.175 (0.054)"*
0.025 (0.001)"**
0.012 (0.001)"*
1.748 (0.048)""

0.028 (0.020)
—0.001 (0.001)
—0.167 (0.030)"**
—0.288 (0.019)"**
0.002 (0.000)"**

—0.160 (0.027)""*
—0.014 (0.003)"**
—0.295 (0.077)"**
—0.674 (0.052)"**

0.767 (0.052)""
—0.007 (0.005)
0.507 (0.012)"**
0.146 (0.006)""*
0.359 (0.030)"*

Control variablesHh'BEZE [ 5 L)

S MBOEREICED S $REER Apositive trendH B B

Intercept 1.195 (0.086)™ 0.225 (0.047)"" 3.123 (0.074)"" . . .
o 0.482 (0020 0740 (0014 osz 00 <—high degree of spatial autocorrelation
corr2 Gy, i) 0.552 0.393 0.701
p <0.1.
* p < 0.05.
“* p < 0.01.
“* p < 0.001.

A spatial multiple treatment/multiple outcome difference-in-differences model with an application to urban rail infrastructure and gentrification (2019)



4. — Estimates of average causal effects

« ADTE, AITE, ATEDOHETE

Table 7
Average direct, indirect, and total treatment effect estimates.

E = W
In(Income) Educational Attainment In(Housing value) * WE% 73: Z toj L Z- - / \ -

[ - kv
Treated Group 1990-2000  2000-2011  1990-2011  1990-2000  2000-2011  1990-2011  1990-2000  2000-2011  1990-2011 ¢ @J A H: » 2000-2011 ) ,HH FEE (tz) I 9& IE 7"(‘3 = H’
TEADEIEN10%EMNT B &,
Average Direct Treatment Effects d -Iﬁ%lly A+3 26%
Di=1, D=0 0.096 —0.089 0.007 0.008 0.014 0.022 0.235" -0.173 0.063 B 04 g
(0.104) (0.113) (0.107) (0.031) (0.033) (0.032) (0.114) (0.128) (0.118) ° Eil%g%ﬁ"‘().o 1%
D=0, D=1 - 0.001 0.001 - -0.016 -0.016 - -0.016 -0.016 . K@jfé1ﬂﬂlﬁ+33 5%,
- (0.056) (0.056) - (0.016) (0.016) - (0.062) (0.062) N . .
Di=1, Dy=1 0.096 ~0.031 0.065 0.008 ~0.050 ~0.042 0.235° ~0.135 0.100 o  Treatmentl D D EIENR AT LY
(0.104) (0.173) (0.168) (0.031) (0.050) (0.050) (0.114) (0.193) (0.184)

...Treatment2 ($Denver® A THIPAEE TITH
Average Indirect Treatment Effects h 7",: 7:: &b s ;(\j'% 0) -F H]- —C‘ 5(*}] % 7‘_')\\/J \ :_k 7_)\ ] TC

WD, = wd;, WD, =0 0.106 0.044 0.150 0.029 0.018 0.046 0.074 0.183 0.257"
(0.104) (0.131) (0.118) (0.041) (0.049) (0.047) (0.111) (0.151) (0.127)

WD, = 0, WD, = wd, - —0.038 —0.038 - 0.059"" 0.059™ - 0.184™ 0.184™
- (0.059) (0.059) - (0.023) (0.023) - (0.065) (0.065)

WD, = wd;, WD, = wd,, 0.106 0.326" 0.432" 0.029 0.107 0.136" 0.074 0.335° 0.409°

W (DyoD,) = wiidy (0.104) (0.165) (0.156) (0.041) (0.056) (0.054) 0.111) (0.185) (0.167) 1990s ‘: ‘j:ﬂéﬁﬁfﬁ%‘;% ) i 75 7':—_“ ) 7": —F H}]’ 7'_')\\ ,
Average Total Treatment Effects llght rail d) Fﬂ% % ‘l: J: D *i%%;ﬁ E/\J 73: Q%ﬁ %

Dy=1, D=0, 0.202° —0.045 0.157 0.037 0.032 0.069 0.309" 0.011 0.320™

WD, = Wy, WD, = 0 (0.084) (0.105) (0.104) (0.037) (0.046) (0.045) (0.099) (0.124) (0.120) ‘% L-f 7‘::
D=0, D=1, - ~0.037 ~0.037 - 0.043 0.043 - 0.167" 0.167" =z
WD, = 0, WD; = wds - (0.053) (0.053) - (0.023) (0.023) - (0.063) (0.063)
D=1, D, =1,, 0.202° 0.295" 0.496™" 0.037 0.057 0.094" 0.309"" 0.200 0.509"**
WD, = wd,, WD, = wd,, (0.084) (0.122) (0.122) (0.037) (0.048) (0.047) (0.099) (0.143) (0.142)
W (D1oD) = wdid;
p <0.1. —_—t R
* p < 0.05. TDlaDzﬁjj_%H—c W3 EHRIZEIARFTV
** p < 0.01.
= b < 0.001.
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4. — Estimates of average causal effects

- ATEDBAZE KRR

HEEhH'ADTE, fEZHAITE
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5. Discussion

» Selecting the control group
¥l parallel-trends assumptionZ ;# 72 I 72 WFEE, control groupZ IBERNEN H B
* Defining proximity to transit

AR TIE, BROSEZFHMUDBONDEREH TEZc (ADTECAITEZ—ELTEXSDICRE) 1Y,
*v b=V BEHCHESKETEILAPRVELH S

» Selecting the proximity distance

AHARTIE NIXA)L) UNETIFRZLRAENA—N—ZHETSDICT—FZNEDBRV+ZEHFHEICS o HD BN,
RETTZCEBEAREFORTHEO>TLED)

* Defining the spatial weights matrix
KARTIIKEZCD B CEROAIKE-> W, =1 Q W, > W =1 ® W/, T distance/contiguity Z{E 8

(contiguitylCcBE DK E KD RKFVEATEEOHROLEH SN TWVWARBHDICEAETETRL)
(distancelC E (T IFMEEE L TULVAR VLRSS SRtIC B AR 8E

* Accounting for non-randomized treatment assignment

AR TRENTELETOHEY, BERMHSTET S L THRAROBERER.
—HTREO TSI, BEENTEBVEFICE DRE L RIEEKAZ BV 3B LOTENUE

* Evaluating the indirect effects

* Expanding the scope of the spillaver effecte ,
SR DR A ——p . L TP+ WHDAT,



6. Conclusion

« ZEDEFEDIDDOHRMME
s RBURTLDEMS
- BEEMTLRY FT—S DK
. REILA—N—DFEEEM

« KHHZE . aspatial DID method for multiple and sequential binary treatments
that can account for local spillover effects
- FEENLEZR (AITE) ZHATIBRUVWESUTVAZIE> TL &5 >ADTE, AITEZ D THFE
. EEIEQZERE CHEE%E S
— Z[Y - BENICHET IR EDFSEMRISZIIL—LIT—JL LTHRETS

« Denver light rail system D 5%{L{SE5&R
* gentrification eI e C ZHFEINA, REFE, FEEMEL LWSBRINORLE
« INBIFLALCDMRICEVWTHENGREIL A —N—=/E LT
« RENA—N—FLBNEBEZZITI-ARDEIENKET VWEA TEE
—SWEHNISZE2—{btENhES, REILF—N—EBFELPTL




