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DIz, FRREBEFBROBELS WL, Zh 0 21X JEH (with/without principle)
ZHEVEFE L 7% < TlrAa S 2w, $4bb, 2 —20KHIZERL, 2212
e EHRE LHE L Lah o olE D IIHE KR ARIRIL T ToIET
FEOBEBRFNEEMME BT LLENDH LD TH 5D, ZORBITFHERES
TlE, REHFER (counterfactual) IRVL & IFIEI, £ { OEBORFFMASE R T 5
M oO—o L LTEZLNTE 2,

ZOMMIBWT, THIBFHFEI L L KBENOLEN RO RRE T H
2R 5 L) REBRLRFRZ ENIEED S0 %5 U/ETiges LT
ERE - BT (2009) 25T TICH b, 22T, FTERBBEFOFEIMEHSNN,
SEHRLERN R (Average Treatment Effect - L%, ATE EBEEL) LW 05,
IKEENDREREH DB EDEML 1TIAL72) OfE o TW5E 2 EFHL D
IZENT WD, 7272 LIESDHEE L7 ATE 13, $XTOKRBHEZGRE L
T, BEMBRTFHELHE L Lo a0 CE B OE N T
KLV DTHAH. Lo LS RFESED RO & V) Bl H1d, FEEIZ
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SSHOLVESKFiE Z 2 55,

ZZTARRTIE, EE BT (2009) T A T4 T EEEL T, 2O
gea—miE, BUREHE LTI L V@Y EEZ bND, Belizk s ERIIEE
BLTWLERBHEELZNRE LFYWRER R (Average Treatment Effect on
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D, 199547520054 £ TOIER D KAEIZOWT, KHIXDOFA R L %
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352,
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20054F £ TOSAFEOEHRE, NFHEE, HCHEE Loz 7 — & 12 L TdE
BT (2009) p. 360D 1 & S
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ATV ZF) TH Do R72L T, KENOEZEIHOFZEIFETH
B OWAIZEL TWBDTH A ) ho AR TIE, KHEITili-~<% matching
WEODFFEEERTHZETCIOBRMERIEL TW <,

II. Matching #7E

BB FERARI S | &5 2 e O MENORLZHIL L TIZH I
WFgensiEd 5N T E 72575 T 5 (Rosenbaum & Rubin, 1983; Heckman, Ichimura
& Todd, 1997; Angrist, 1998; Dehejia and Wahba, 1999; Lee, 2005; Stock & Watson,
20077 EZ M) o ARHI Tl T 9 BURBIERIRI DS LIX LIXS] &S 2§ 3 C#k
INA T A (Self-Selection Bias) DOMEIZDWTHHIZENDL, 0%, HUO#E
PoNA T A B BN T 5 720 1L E R FE S B & U matching HEE 0 B
NI OWT, R $ 2 KENORE X O EDOHFFED EFHT
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bo T BARE TS EH J73:13 312 Wooldridge (2001) 3 X UF Angrist & Pis-
chke (2008) 125 b DTH %,

MEROBSRFFMIZ BT LITLIE R SN TE LTI, LB (Rekiio
HiEH ) LHIEE (RefiHORBERL) LOBOBEMILETHL, LaL
B s, ZORHETREEMHOBEIERFR, T42bERTHELED
WA ENZERRER L T2 @ICEHEiT 5 2 21X TE v, 1
koRX (1) PR TEND,

B=E [Yi|di=1]-E[Yi|di=0]
={E[Yi|di=1] - E[Yoi|di=11} +{E[Yoi|di=1] = E[ Y0i| di=0]}
=E[Y1i— Yoi|di=1] +{E[Yoi| di=1] — E[Y0i| di=01} (1)

I TYildkk i THSSINDIETHEKE, Y (Yo 130K ( D4R
B L7 (L) & XSO TERE, di 13K i DL % %
BLAEPE)DERT Y I —EHKET L, KENOLEMEOFEIZLHIET
FREGIERRITN (1) OARFE—HICL > TRINLES T, WERICBIT
B PILER R (ATT) EMHEN %, X (1) OHLHEIHIZHCEINA 7
ALMENDHRERL TV E, TOEAXTIZLLRVIRYD, $42b5 Y
HRLE N6 L TP TR WIR Y, ALERE & HIERI BT 2 CHE O H
MLEP 1N T ADD o 1 EEMAE SN 2 812557,

ZOHTHES/NA T AL, Rosenbaum & Rubin (1983) A% [AL{E DRI W] AE
4 (Ignorability of Treatment) | & W 5355144 Z FATARSE (Conditional Independence
Assumption - Ufk, CIA CEBEFRD) 239 2 & TS 2 Z LR 72 %, CIA
iR (2) ok BERTILpTELY,

3) BUER SRR E SN TV LK (A) PRAEREMHATRKE S T2 VKR
(B) bbb lidfaliThoizlity, Thabb, ML QICLERED VA,
A TOREHFMRED B TORTHFHIML Y L4 HI1E, BB TH S N D HEEMITAR
REDDRERME LD (RFEGOYE, WEeMink O THHEBIRD B R 08/ % 5
U SEIS)

4) BEI Lo TE, LDV O &M & P E[Y0i| Xi, dil = E[Y0i| XilB X O
EV1i|Xi, di]=E[Y1i| Xi]Z 3T Z L TATE D LI ATT 285 2 W TE S,
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{Yoi, 1t I di| Xi (2)

CIA 2872 SNT V5 74 51F, JLERIC B 2 FHERR dror 1lERD & 5
WEINT 52 EHNTE Do

dror=E[Y1i— Yoi|di=1]
=E{E[Y1—Yoi| X, di=1]|di=1}
=E{EVi|X;, di=1] - E[Y0i| Xi, di=1] |di=1}

CIA £ 1,
E[Yoi| X, di=1] = E[Y0i| Xi, di=0]
BT, wIZE (3) BMEHN5,

57‘07‘_E{E[Y11|Xz,d1 1] E[Y01|Xz,dz 0:||dz
= El6x|di=1] (3)

CITOXIFEDMEE &2 Xi lZBT B EENakDH WA OKEEDFIHITET
FHHOEELRL TV D,

X (3) ODF AV Y MIXiORTEPEL ULz 5138, #EICHD 77
PREMICEE > TLE ) HIZH B, 22T, XiHbDIEFR%E propensity score
EVI) AT T —ERICEEL LA EICEk T, FOHEEHHRILLL) &v
9 DS propensity score matching M FEAHTd % (Rosenbaum & Rubin, 1983) .

Propensity score matching (£ 3 TIZZ DR ASFEA SN TV 2 RO EBRIZEED
XRS5 (Angrist & Pischke, 2008, pp.81-82) o

[Propensity score 5E#1]
b L{Yoi, Vit LI di| Xi TRENS CIA DRI T 5 % 51, LT OBRAH
RYA VP8
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{Yoi, Y1t LI di| p (X2)

CTHPXDIFRD L HIZEEENS,
p(Xi) =Eldi| Xi] =Pldi=1|X/] [ ]

COFEMIZEDC L, R(3)DFEMHTTHBHLRILRY MV X; % propen-
sity score EIFIEIND AH T — p(Xi) THRET L2 e TE, ZofE, A (4)
BRLZENTE D,

E[Y1i—Yoi|di=1] =E{E[Y1i|p(X:), di=1] = E[Yoi|p(Xi), di=0] | di=1}
(4)

12, BERNIZWOWARLEZICBVTOUTUAEEZZITS ()%
V) XD RFEREFFELZVE W) FEIRTO <p(X)<1for all X &\»9)5ff
#AR5E T % Z & T propensity score matching % F\272 ATE B & OF ATT OHEED®
WHEL 227,

FEBZFZIX propensity  score FEFL & AV 72 HEE HFHIRD & 5 IZZBEREI2500T
HIENTED, FEBRELLT, MXJ%H%#@E&%%wT%ETéb
BTERE LT, F—KRETHERE S 117 propensity  score (22D & matching &
179 (Angrist, 1998; Heckman, Ichimura & Todd, 1998) . 2 & & HE5E S 4172 pro-
pensity score [ZF:D &, L D/XT % matching S50 MEE %5, TOEMK
B 5B L Cid—f% A2, (1) kernel, (i) nearest neighbor, (iii) radius,
(iv) stratification, ® 4 DHMEZEEN T3  (Heckman, Ichimura & Todd, 1998;
Smith & Todd, 2005 : %, 2009)” . 7272 L, Eiid 2 4 20KEO g v

RetE <strzctly zgnorabzlzty of treatment) ] LIFRZ & 73‘3?) % (Rausenbaum & Rubm 1983,
Wooldridge, 2001) o

6) Propensity score DRDFIIF—EIEF o772 T VT VDS, —FEIICIZoyy hET
VHSHV SIS Z EH% Wy (Dehejia & Wahba, 1999) . 210 2, AHRd % { OFATHIZEIC
fiivy, By bETIV%E FV T propensity score Z HEET 5o

7) 4% matching O EARN 2 P L CRIEM 2B 217 > TW A %4758 & L Tl Smith~
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BLREDPIIODOVTOREMIERIZITHE N DOV T W2\ 7280 (Angrist & Pischke,
2008, pp.86), AFHTIZZNZID matching D FFETHEE 1TV, A
MG REMmEg 56235,

Matching |2 X 2HEEZT) 720 DE—EMEE LT, %314 propensity score
20Ty FETVIZE o TKRD B, TEBAERE 72 5 BTG L 4R
PHREINTVENE) DRERT Y I — A safe Th b, HEEMBLHE 1R
VR o EFHMEE FRT acci D/ A — 7 1310%KHET L IEHWIZITEHET
BFawboo, Eofit L b &b &R MBI L VKKEITEREMRD TG
SNRTWHANIH 2 2 EAVRE SN D, TOL ST HE A KT death X
5 X El S N7z ETNT Y AKBUEIRTTD I, 42T O matching (25 VTN
7 v AW s T w Y

% 1% Propensity Score DHETERER

Dependent variable
Parameter Std. error
: safe
const —0. 99 0.115
acci 0.114 0.893
Log likelihood —14. 353
Preudo R-squared 0. 059
Sample size 22

B2 RICHEERREEZ TR T, 5 25 HD Simple Comparison (HiffiLE) (13,
MR DBERFHTi O JHLG & LT, ZaehiiOF M5 TORCHEEDOTFIEED

N & Todd (2005) %#ZM$5Z &,

8) NT v AWGEIL, WERH (ZeMFAKE) & match SNHIEEE (kiR mEKE)
LWL EREEDTFEE SN ARHIZHM L7258 A b o Tz &9 2212 B 3 5 [ & $2 it
TH5LDTHD, NT V ARFENT 72 EN TR WIGAIZIE, TRV EERGEME] A
W7z ENTW RV EPEEbN L DS, SHIENT v AN ENTWDE E WD) ER%
57z (Caliendo & Kopeinig, 2005) o
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E2X BHibE s LU matching IC & 2 HEERR

Simple Nearest . Stratifi-
Kernel Radius
Comparison Nighbor cation
D%fference with/ ~0.818
without safe
ATT —1.137* —1.288" -1.361" —1.608""*
(0.62) (0. 666) (0.705) (0.598)
Sample size 20 20 18 20
(treatde/control) 11/9) 11/9) (9/9) (10/10)

FE L) FEIMIZ200E 07— R X b Zy TEATIC & o TR S 7o R e E
2) FF CEENRENL %, 5%, 10%KRETHRIICHEETHL I L 2ET

FhROIAEREEREL T D, FIFVIEPLE6FHIZM. THH L 72 propen-
sity score matching 12 & ZHEERH R E R L TV 5,

FOHMBEBIC L ZHEFRTH D28, TN LD EKBICEE T XE
T5ZETLEBTHOIBBADMEH > TWVE I L EZERL TS, LAL,
IKEEND LA DiXiE, T 7% b EKEORTIRILR A — F L — L O S 1L 5
ERIATDONLDOTIE R, ©LAZ L T HRBEOFEMRIEA R & 25 I12E5E
HICERESND LEZ D2 HFVPHKRTH S, 2wz, BRI X L HEERR
I HEENA 7 AW L T2 WD Ve SO — A TIEHC#EK
INA T AN K 2T, IKEENOLEREHDRRE N & 5 IE TR AR R 2558/
i S LTV B TRtk EE b B o

T, propensity score matching |2 & - T HEIRNA 7 ALY Bh -3
ERGREME T 5o FNE I matching HiEIZ &L o> TR ONSHEEFRIZNL
RADNTOERRZITONLDS, ZOWFEE 1 FHTHIL 137 A~1. 608 A D
ERIEVILDOTHEY LR, FOFRE L 57k LT HAREIC X
BHEMKL D bREGME LB EPIRENT, TOMRRLY, HAMILEIC
£ B HETERE RNIIKEEAN DR A i D RXIE N & 5 SE TR AR % 8/ NG L

9) Nearest Neighbor |2 £ % propensity score matching 2BV Cix, 77— A FT v FI2LoT
KOSNHERII LI LIEREYTH 5 2 & 2558 S T 5 (Abadie & Imbens, 2008) o
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TV ERRTEND 72, 4 ODHEERFHEDH B 3 DI LTIL, HE -
T (2009) O5HT#ERTH 5 1EMTL ITIAD G E ) & v ) HEERF X
DOLRELRDDELRS> TV, TOENE, EE - AT (2009) 12X pHE5ED
ATE #3EH L TWzDIZx L, ARFid ATT Z3EH L Tw 5 & v ) FHlixt R
BEWISERLTWR EEZONL, EOHPHEE L/ ATEIZKDO L H IZHFET
FZEATED (Angrist & Pischke, 2008, p.160) o

EY1i— Yol =E[Y1i— Yoi|di=1]-Pldi=1] + E[Y1i— Y0i| di=0] - PLdi=0]

FAE—HIIAR/TRD L ATT 2R LT 5b, 21U L, A% ZIHIX
HIEEE (ZefiixD R VKERE 202 ReLE 2 5N L KER) TRED
e E NI (RERHAHE SN BEOWEORRRREET, ATEIXZ
NE200WMPEEMEFYTLIEILL>TROLIENTE D, BEEEZ
BNLKIEICEE R EZZRE L LTH, 202UV LETH LW I,
TAEMXDOREIL L D CEROBANREIHB LI W P FHEINL,
OV HFEE KL, ATE (X ATT 12N, Wiz kb2 E2 515,

V. &30

ARTIE, TS RFEIC X DRENOR AR O E S CH R 1k
LTHETEREE ATT LIFEN LM EEHCCEHEiL 72, 2o Bonit
HMRZEELTBL B, KRk HSNDKEICREMZERET 5
CETHONDITER L7201 137TARS1.608 A TH L Z LW rotz. &
PSR EIEREATRRE STV L KEEHE L STV RV KERHE L % it L /2
EEDO.BIBAN LN HKREL, HUBRBNA T ADFIEE B L %\ W ERDFE
MiFECIE T R FENRL B NGEML CLE > T2 L 2RIET 5, 55
IS, BATWIRTH HFE - T (2009) CTRAREFM U T—, FUx
G % W T ATE %3RO TW725, RETH SN2 ATT 12 ATE £ 0 ik
Enfix LB e ol. TORKEE LTI, ATE AMHIEIR: O FH L iE
AL B O T NE I ROMETETH L ENEZ LN,
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ArEEEFOFELZEH LCHCERNA 7T AOLHE, v ) BlEIiZBnT
AFEHHER T 5 propensity score matching ¢ F i I3 FZIZHRIA Ve 72 & 2 IS,
F L] b3S R S AL B R e - K - BREROR A L SR ISR S B AR
EEADVHELET 2 BFIRBEBROH O WL HHICBNWT, JHALT gy T —
YHEAEL, FHHEIRTRE 2 HERAH, BUROA M2 L TIEZR, BLUE
ROFEEVIES BT AL, PAFITRTHLRY), SEOSHTFiE
O BHATHZ & T, TOMYREEREHiZ T3 2 E2MEEE %2 b,

S OREE LTIE, propensity score matching (2B TZFDEF & % 5 54
fF EHZANM 2 ENZRN L) BHEIIBWT, BEBERNA T A2 LD L) 12
MES L ENTEDLDEETLIENTE S, KFETIEEN, NT U AME
WZEDNG v ZBEDSTG 72 STV D T EATRIB E NI, ST &S s
IIAREE S 2 12 SN IE A B 2 04T € T VAR AGAD o WIRDUZ R WIS
CREZETH D, KM EMILAN 2 SN WIHEIZB W THOERNA
T ADBREFTEEBETT 5 2 LIS ROBORRHT O3B IS BWTEE 2 ERE
Lo LFHEN, SRHROMEOFRILIKDOOEND,
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Valuation of Effect of Safety Facilities Installed by Land
Improvement Associations Using Matching Estimator

Kyohei Matsushita

Abstract

Irrigation ditches have been generally considered as high-accident
locations, and Land Improvement Associations has addressed this issue
by setting subsurface drainage or installing guard rail to irrigation ditches.
From the perspective of cost-effectiveness, it is unsurprisingly required to
evaluate its effect; how many accidents would be saved by the safety fa-
cilities installed by Land Improvement Associations need to be revealed.

The purpose of this article is to evaluate the effect of installation of
safety facilities by Land Improvement Associations. Simple comparison
between the irrigation ditches with and without safety facility suggested
that 0.818 people per year have been saved by the safety facility. We,
however, suspect this estimate is suffered from the self-selection bias as-
sociated with counterfactual situations, and a previous study has already
revealed that 1.171 people per year have been saved from the perspective
of average treatment effect. The estimation strategy of this article is dif-
ferent from the previous study; the estimated effect is an average treat-
ment effect on treated, and the estimation method is not regression but
propensity score matching — e.g. kernel, nearest neighbor, radius, and
stratification matching. Obtained result revealed that the safety facility
actually has saved from 1.137 to 1.608 people and these suggest that sim-

ple comparison was actually suffered from the self-selection bias.



