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Hirota and Yunoue (2017, RSUE)
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Propensity Score Matching-DIDDZE X 75
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Merged municipalities ' Non-merged municipalities
(Treatment group) j i\ (Control group) '

A city
(Dominant)
P-score 0.82
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0.72
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e —
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0.54
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Propensity Score Matching

Rosenbaum and Rubin(1983)
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1. Unconfoundedness assumption
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2. Common support assumption (Overlap assumption)
e Becker and Ichino(2002)
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Balancing condition
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» Nearest Neighbor matching (with / without replacement and caliper)
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» Radius matching
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e h : bandwidth parameter K: Kernel function (e.g. Epanechnikov kernel)
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Balancing test
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« AT CIX, Nearest neighbor, Radius, Kernel[CU(E> TUL\D
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-Placebo tests(pre-treatment period [CH T D BEEE=DEHE)

DRDAT YT
-UB—F5>HA>, L ROHER
-Probit[C& DPSZETE

2004 E ([CEHZEXIEZR. Subordinate&EDominantiCLEEE = DTS,
-EHFAEN I TSN B RIEE DT —~ Z FHL\ZProbit estimation

R F>077)L T X ILDIER
-Nearest neighbor, Caliper, Radius, Kernel matching/® E#8285 D
-Propensity scoreZ{E> TV F >

-Balancing test CXYWF >IN S FE K U\D TULDIMHERR
-Common supportDER

3]

-PSM-DIDDATTOOHESR

-Robustness checks(ttdd~w F>277)LT1J X /x, Dominant partner/d &)

-2005FE (CEH U

o

ERERIROER (CTRD T &= MR



< Special Municipal Mergers Law >
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(Merged year)

Probit estimation for
calculating propensity scores
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Probit estimation for calculating propensity scores

Subordinate merger

Variables (T=497)
Pop. -0.000***
(0.000)
Area -0.003***
(0.000)
Pop. 65 0.651
(0.866)
Pop.15 -4.956***
(1.866)
Primary ind -0.007**
(0.004)
Ttertiary ind -0.020***
(0.005)
LAT grants 0.759**
(0.385)
Specific grants -1.698*
(0.980)
Debt (stock) 0.000**
(0.000)
Constant 1.126**
(0.528)
Obs 3220

Log likelihood -1143.1596
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Standardized bias|C &D/\ =5 > X DR

Subordinate merger
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Balancing test after matching

Variables Treated Control bias t
Subordinate merger
Pop. U 7349 41981 -37.000 -5.83***
M 7349 7289 0.10 0.15
Area U 77.33 122.06 -40.00 -6.8***
M 77.33 79.23 -1.70 -0.44
Pop. 65 U 0.25 0.20 72.50 14.79***
M 0.25 0.25 -3.10 -0.48
Pop.15 U 0.15 0.16 -38.10 -7.91%**
M 0.15 0.15 6.40 0.95
Primary ind U 21.70 15.93 49.50 10.06***
M 21.70 21.15 4.60 0.74
Ttertiary ind U 43.99 50.52 -66.90 -12.61***
M 43.99 44.64 -6.70 -1.21
LAT grants U 0.37 0.29 75.20 13.59***
M 0.37 0.38 -2.10 -0.39
Specific grants U 0.07 0.08 -32.60 -6.37%**
M 0.07 0.07 6.80 1.15
Debt (stock) U 904.84 629.88 46.40 10.55***
M 904.84 895.05 1.70 0.23




PSM-DIDMD#5ER 1

Total expenditure Investment Bond
2003 2002 2003 2002 2003 2002
Subordinate merger
Nearest Neighbor Matching  47.467***  11.350 24.733*** 12.768  19.366***  7.085
(14.058) (13.978) (8566) (7.987) (7.302) ( 6.938)
On support: Treated 497 497 497 495 497 497
Control 2,190 2,293 2,190 2,290 2,181 2,286
Radius Matching 46.613*** 12,953  24.975*** 12.500** 15.175***  5.427
(10.366) (10.020) (6.482) (6.329) (5310) (5.245)
On support: Treated 493 493 493 491 493 493
Control 2,189 2,291 2,189 2,288 2,180 2,284
Kernel Matching 44.123***  15.749  24.960*** 13.759** 15.107***  6.272
(10.301) (9.892) (6.410) (6.254) (5261) ( 5.185)
On support: Treated 495 496 495 494 495 496
Control 2,190 2,293 2,190 2,290 2,181 2,286




Placebo tests

Total expenditure Investment Bond
2001 2000 2001 2000 2001 2000
Subordinate merger
Nearest Neighbor Matching -0.070 6.052 -2.526 2.794 -3.548 5.550
(13911) (12.790) (8.076) (7.054) (6.923) (6.361)
On support: Treated 497 497 497 497 497 497
Control 2,307 2,311 2,307 2,311 2,297 2,301
Radius Matching 3.356 3.969 4.538 -0.284 1.850 2.478
(9.967) (9.144) (5782) (5637) (5.188) (4.817)
On support: Treated 493 493 493 493 493 493
Control 2,305 2,309 2,305 2,309 2,295 2,299
Kernel Matching 6.239 4.681 4.481 -0.327 0.925 1.358
(9.850) (9.025) (5.715) (5568) (5147) (4.773)
On support: Treated 496 496 496 496 496 496
Control 2,307 2,311 2,307 2,311 2,297 2,301




HNDI(C

o ZUEERFEZD—DDOHIE U TPSM-DIDZEFBIT
e IVF 2T %ETBESMEHCPSEFDINENGINDITTIZR. #¥HEHS.
« HELELXHW\THDOYYF IO EER RS CEETED

N2

o RIRMERICHITADHERFEOHRRIIEIAREZTIE—RTEATWNS

s MDY W F T FEDHFE
« FLEBRFELE D UVORAFENDE, LEEBORBMTZZREI DAL

¢ eg

. RDD-Matching, Matching-DID, DID-IV, First Difference-1V, DDD, SC-DID

o TRARTE & X [KIRHESH
o IBIEHEE X RISRHE R

AT —I ET—HICENT TERE(THWIH L TULL

« Z <D=

e L TR BH TL < BHDYE



gl D ESTVNFKRUE



' e ~ \\ =
SEXEN YWY FORE
Abadie, A., Drukker, D., Herr, J.L., Imbens, G.W., (2004) Implementing matching estimators for average treatment

effects in Stata. Stata J, 4 (3), 290-311.

Abadie, A, Imbens, G.W., (2008) “"On the failure of the bootstrap for matching estimators.” Econometrica, 76, 1537-
1557.

Abadie, A., Imbens, G.W., (2012) "“Matching on the estimated propensity score.” Mimeo. Available at
http://www.hks.harvard.edu/fs/aabadie/pscore.pdf

Becker, S.0O,, Ichino, A., (2002) Estimation of average treatment effects based on propensity scores. Stata J, 2 (4),
358-377.

Heckman, J.J.,, Ichimura, H., Todd, PE., (1997) Matching as an econometric evaluation estimator: Evidence from
evaluating a job training programme. Review of Economic Studies, 64 (4), 605-654.

Imbens(2014) “Matching methods in practice: Three example.” Journal of Human Resources, March 31, 2015 50:373-
419 .

Imbens and Wooldridge(2009)"Recent Developments in the Econometrics of Program Evaluation" Journal of
Economic Literature 47:1, 5-86.

King and Nielsen. (2019) “Why Propensity Scores Should Not Be Used for Matching.” Political Analysis, 27, 4. Copy
at http://|.mp/20vYGsW

Rosenbaum, PR., Rubin, D.B., (1983) “The central role of the propensity score in observational studies for causal
effects.” Biometrika, 70 (1), 41-55.



http://www.hks.harvard.edu/fs/aabadie/pscore.pdf
https://gking.harvard.edu/publications/why-propensity-scores-should-not-be-used-formatching
http://j.mp/2ovYGsW

SEXEN KR REA

Angrist and Pischke (2008) “Mostly Harmless Econometrics”, Princeton press.

Hernan MA, Robins JM (2020) “Causal Inference: What If” Boca Raton: Chapman & Hall/CRC.”
 https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/

Imbens and Rubin(2015)"Causal Inference for Statistics, Social, and Biomedical Sciences" Cambridge University
Press

Ishise, Kitamura, Kudamatsu, Matsubayashi, Murooka (2019) “Empirical Research Design for Public Policy School
Students: How to Conduct Policy Evaluations with Difference in Differences Estimation” KIRAKZFOSSIPiEZRER],

https://slides.com/kudamatsu/did-manual#/

Shadish, Cook, Campbell(2001)"Experimental and Quasi-Experimental Designs for Generalized Causal Inference”
Wadsworth Pub Co.

TZRBA(2019) [BAEEE - AHSEBEF OO OMFETHREH R 2018FEFBSEEAANARFIEEMRSIREE
& https://sites.google.com/site/michihito7ando/lectures

FEEN—BA(017) [T—4 DD ERERCBEDIBELE] AXLHE
REWF - 2IERNT2017) [ [REREHER] OREBEE T —INSERZRIRKBEE] JAMTV7ED Rt

71270 - JLFRY— - JL—<—(2019) [BERFHMEDTZSHDRREMRDRE DI 524 AMELEBEHERA
P3J , B&ER - fEER  VWWEBTE, BAFHR1L.



https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/
https://slides.com/kudamatsu/did-manual#/
https://sites.google.com/site/michihito7ando/lectures

Appendix



Population

" 5000 “ 5000

5000 5000
= 10000 = 10000

50000 * 50000 *
B 100000 B o000 *

s ROmEA

Municipal boundary before mergers Municipal boundary after niérgers



PSMOD#LEE

Total expenditure Investment Bond
2003 2002 2003 2002 2003 2002
Subordinate merger
Nearest Neighbor Matching 80.538** 45.414 25.752*** 8,902  25.124*** 16.737**
(36.924) (35.790) (9.232) (9.98) (7.680) ( 7.653)
On support: Treated 497 497 497 495 497 497
Control 2,190 2,293 2,190 2,290 2,181 2,286
Radius Matching 69.323** 33.343 30.360*** 16.588** 21.268*** 12.105**
(27.077) (27.520) (6.453) (7.266) (5.471) (5.945)
On support: Treated 493 493 493 491 493 493
Control 2,189 2,291 2,189 2,288 2,180 2,284
Kernel Matching 75.617*** 32.570 30.777*** 14.997** 21.864*** 12.508**
(26.816) (27.272) (6.393) (7.191) (5408) ( 5.871)
On support: Treated 495 496 495 494 495 496
Control 2,190 2,293 2,190 2,290 2,181 2,286




PSM-DIDMD#EEE?

Subordinate merger model

Road Park
2003 2002 2003 2002
Nearest Neighbor 4.837* 1.212 1.078* 0.137
(2.772) (2.674) (0.586) (0.807)
On support: Treatment 497 497 497 497
On support: Control 2,190 2,293 2,190 2,293

Radius

On support: Treatment
On support: Control

5.624%* 3024  1.488%**  (.828*
(1.965) (1.969) (0502)  (.0477)
493 493 493 493
2,189 2,291 2,189 2,291

Kernel

On support: Treatment
On support: Control

5.929%** 3155  1521**  0.836*
(1.946) (1.950) (0.494)  (0.467)
495 496 495 496
2,190 2293 2,190 2,293




Placebo tests?2

Subordinate merger model

Nearest Neighbor

On support: Treatment
On support: Control

Radius

On support: Treatment
On support: Control

Kernel

On support: Treatment
On support: Control

Road Park
2001 2000 2001 2000
-2.876 -1.603 0.195 0.533
(2713) (2356) (0.936) (0.623)
497 497 497 497
2,307 2,311 2,307 2,311
1.379 0.083 0.982 0 .666
(1.853) (1.708) (0.704) (0.537)
493 493 493 493
2,305 2,309 2,305 2,309
0.206 -1.472 1.002 0.681
(1.834) (1.690) (0.69) (0.529)
496 496 496 496
2,307 2,311 2,307 2,311




Dominant partner

Merged year 2004 Total expenditure Investment Bond
2003 2002 2003 2002 2003 2002

Dominant merger model
Nearest Neighbor Matching 25.148***  16.405** 5.667 2.647 -0.722 -3.861

(9.769) (8350) (5806) (5678) (3.960) (4.056)
On support: Treated 218 218 218 218 218 218
Control 2,503 2,601 2,503 2,595 2,496 2,595
Radius Matching 17.607***  17.304***  2.360 3.842 -5.474* -1.586

(5.212) (5.117) (3859) (3.790) (2.890) (2.865)
On support: Treated 218 218 218 218 218 218
Control 2,503 2,601 2,503 2,595 2,496 2,595
Kernel Matching 16.213***  15.567***  1.765 3.053 -4.175 -1.353

(5.319) (5.207) (3915) (3.836) (2938) (2907)
On support: Treated 218 218 218 218 218 218
Control 2,503 2,601 2,503 2,595 2,496 2,595
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