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Johansen O A JEHMRE Tlix, (12)AD K 5 IZ ECM KB 72 VAR £ 7 /L% LT
RS pEFET D (T OT 2 7iE ) &V IO b & THEE Szt
TIVDXEEKISARGHDO T TOETLVDORE L DIIZ L - T, BRI r BRE S
5o Z OBERORNARGIZIE
OO EEE L2 (rank(TT) =p) A 7 (b L—ARE)
@FTNOILEMAZM D 72023y 0%z 1 SO Lz (rank(IT) = r+1) A7
(e KA B E)

N> D,

Johansen FI3HEIZ. CDS A7 Ly K (R4 Y BA, HE, BIUOKE)IC
HWHEND, EMOEREREIET 572012, KERERESE FL—2 BRENFATE

%o Ry BIMRA R S e RAY o BAR, ®E, BLUKED CDS %

IRHEHETENNTWD LT 5D, ST, 4 WED CDS 1FHEH L
TWeZ ko b,

3.3 7 LUy — K RMEME

Granger [NFEMEDORE L 1X, 28 x & yOM T, xB yZitAT 200, y2 x %l
2500, HHWITHEIZHHA LS > TV EDONEMLTDOMETH D, x& yh
ERMEEZ b ORRINEH THL L&, LITO (13) K& QDR % i/ R iLETHEGH L T

BAED A RO T FREZITY., ZOREE, (13)XNDIRMEG H BNIEAN S
X, yOBEOBEZN xZFHALTND LIS, ML, FREZHVWTA4H)XD
ARG H, DA S UL, x DIREOEE N y ZFHP L TN DHZ L5,



P P
X, :K0+2aixt—i+2ﬂiyt—i+ut (13)
=L i-1

Ho Zﬂl:ﬂ2=---ﬂp=0
H 0o p#0 (i=12,,p)

P p
Y :g0+27ixx—i+z5iyt—i+vt (14)

P P
Hy:y,=y,=y,=0
H \WIhhroy #0 (=12, p)
W ORERINGHTCIE, EEFMEORBE A BT 5 722, BILRICEHR L 72T —
% % T Granger REMEDOKRIEN M TS, LU, Bz 0BGz &
DT, BIEEERAOVEREFTERITRO NS L 2 LRI TV D,
Toda and Yamamoto(1995)i%, HARZ & O LRV A CERET L (VAR) 12
1T % Granger R RMEOME 7155 B LT,
ook, y b xo x D y ~OEEIZONT, IWEGEL H, BN ENER
EXIND, I2120L, x& ylzonWT, KXROTZ T} pleb o 1 oOT7 JHEMZT- p
+1%2&0, Py FHE 22 THERT D,

p+l p+l

X, —K0+/1t+2a X, +Zﬁ’ Y+, (15)

i=1
Hy:f=p,=p,=0
H oo B #£0 (i=12,,p)
p+l p+l

v, = go+nt+27 X,,+25 Ve Y, (16)

=)
Hy:y,=y,=-7,=0
H wInhroy #0 (i=12,---,p)

(15) & (16) A% e/ “HIETHERF L T BRED A RO T FREZTTH, £D

fik, (1B)XNOIFEAGL H, NEA S NIL, y OIREOB XN x 3L TnD Z &
2722, MUL, FREZHOTAO)ROIFEEG H BNHEA S L, x OiEOH)



N yEHIALTND Z &I D,

FROBREAGRIICHEAT 5 L RIS <580 L s, QADRUTEAR, HE,
KEHD CDS A7 Ly KR RA YD CDS A7 Ly RIZHBEHEZ THDLDOMNE D
Y, LD T 7L, RMiFRELE (AIC) FEEZ VD,

p+1 p+1 p+1 p+1
Germany = k, + At + Z a; Japan,_; + Z BiUK,_; + Z XiUS,_; + z g Germany,_,
i=1 i=1 i=1 i=1
+u, (17)
p+1 p+1 p+1 p+1
Japan =k, + At + Z a; Germany,_; + 2 BiUK,_; + Z XiUS,_, + 2 & Japan,_,
i=1 i=1 i=1 i=1
+u, (18)
p+1 p+1 p+1 p+1
UK =k, + At + Z a; Japan,_; + Z pi Germany,_; + Z XiUS,_; + z & UK, 4
i=1 i=1 i=1 i=1
+u, (19)
p+1 p+1 p+1 p+1
US =k, +At+ 2 a; Japan,_; + Z piUK,_, + 2 Xi Germnay, ; + 2 &§US,_4
i=1 i=1 i=1 i=1
+ U (20)

4. DHTHER
4.1 NIRRT

Ji7—21Zx4 % ADF B LU KPSS #iE OfiRIT. il s n=dTo
DT —ENIEEFH THDHZ A2 RL TS, MRIEE 2 BLY 3 [TRLE,
T — 2 hbEnE L ol T =225+ % ADF B8 LU KPSS #iE OfEFIE, §
TOENT—EANEFETHDLZ L EZRLTND, SHTICERESNDGTXTOT —X I
FEER 1) ThoEfmfriTa2Z2enTED, LB o T, EEFRERIIET V%
EHTLON™EE THDH, fidk 4 BLO 5 ITRLT,



# 2 ADF#E (J5R51)

I Mo R72L r K&
FEA A
H A -0.668 2.935
K -1.183 -5.817
KA -0.410 -2.073
e [E] -0.295 -1.208
FEAB
EZN -1.745 -2.862
K -0.903 -1.728
KA -0.639 -2.401
P -1.046 -2.993
I 35% K ETHE THLHIEART,
5% FEHMEIL-2.86(FL > F72L) | -341(FL 2 FHY)
FEARAIT20184E3 H 23 H 225 20204F2H 21 H .
FEARBIZ20204-2 H 24 H /> 520224~ 1 H24H,
723 KPSSHE (% 51)
Lag=0 Lag=12
Variable Nu Nt Nu N
AR A
A A 2.418* 2.244* 0.239 0.222*
PS 44.418* 2.008* 3.718* 0.288*
4 8.209* 6.627* 0.799* 0.606*
P 9.570* 9.569* 0.771* 0.771*
IEAB
A A 7.338* 5.923* 1.205* 0.504*
bS 30.729* 7.647* 2.490* 0.658*
KA 23.136* 5.365* 1.902* 0.474*
£ 40.361* 5.613* 3.214* 0.520*

B * 135% KETHE THAHILERT,
5% FEANMEIX0.463(L ~LEH ). 0.146 (FL U REF M) THS,
e AL AVERME, ne IR EEME,
T AAIZ20184E3 H 23 H 7 5 20204E2 A 21 H,
HEARBIZ20204E2 A 24 H 7> 520224F 1 A 24H,



4 ADFRRIE (—IRZE57)

I roR7RL [NE oY)
A A
YALEE:S -9.156* -9.093*
IKE -10.840%* -10.821*
ARA -8.137* -8.147*
AEE -27.422% -27.318*
TAB
AHK -7.854* -7.819*
Ak -9.578* -9.714*
ARA Y -7.904* -8.354*
Ao -5.987* -6.013*
F *IX5% KETHE THHZLEZRT,
5% FEHMEIL-2.86(FL > F72L) | -341(FL 2 FHY)
FEARAIL20184E3 H 23 H 2> 5202042 A 21 H,
FEARBIX 202042 H 24 H 7> 520224E 1 A 24 H,
75 KPSSHE (— Ik ZE57)
Lag=0 Lag=12
Variable N Nt Nu M
A A
PAL=I 0.042 0.016 0.095 0.036
JAP/S 0.005 0.005 0.017 0.017
ARAY 0.032 0.008 0.102 0.027
A5HE 0.352 0.032 0.473 0.048
1EAB
AR K 0.081 0.084 0.061 0.063
AKX 0.046 0.084 0.092 0.086
ARAY 0.084 0.082 0.084 0.086
A5EE 0.142 0.142 0.090 0.090

I *135% KHETHE THLZEERT,
5% FEHAEIT0.463(L~VEFPE), 0.146 (N REFME)THD,
o L AVE R, N IZFUREEME,
PEARAIZ20184E3 7 23 H 7> 5 20204E2 A 21 H,
FEABIZ20204E2 A 24 H 7> 520224 1 A 24H,

4.2 LRy RE
Johansen FHE RAKBEAEHREL ML —ABEOW ) OFEHRIT, EAAICIE



1 DOIFGERD DD Z & 2R L TNDH, A B ZIZIER o BRI S 72
ST, NUT IV IENCEBWT CDS A7 Ly RIZ KAV, HAR, A FXFVAT AU
TEEH L T, S0, EHY AZ3EH L W, —FH, XvrFIv s
BIZBW T, 4 HED CDS A7 Ly RFHEB A RS R0 o7z, S0 L, F
AU A7 3 L TWehrole, fRIFER 6 IR LT,

%6 Johansen FLFn45 4 i

LiE TG S VA ) BOERFHE 5% FEHMi ROERFHE 5% FEHM
A A K EA R E Fr— AR
r=0 r=1 40.77* 28.14 64.96* 53.12
r=1 r=2 15.97 22.00 24.19 34.91
r =2 r=3 6.63 15.67 8.22 19.96
r =3 r=4 1.59 9.24 1.60 9.24
IR B
r=0 r=1 18.79 28.14 39.64 53.12
r =1 r=2 10.88 22.00 20.85 34.91
r =2 r=3 7.64 15.67 9.97 19.96
r =3 r=4 2.33 9.24 2.33 9.24

HE* 135 % KETHE THHZLERT,
FEHUE T Osterwald-Lenum (1992)/>5 08|l T %,
FEARAIZ20184E3 H 23 H 7 5 20204E2 H 21 H,,
FEABIZ20204E2 H 24 H 7> 520224F 1 H24H,

4.3 Granger K545 E

Granger KIRMMEDORER, AR A TIE, RAYLL AR, KE, SE~ORKLH
fRe . KEDDEEA~OREMED MR ESNZ, A B TlE, RENPLAR, 7XUD
. FAYASDOREME BARND AV e A XY Z~DOREMEDHER TE 2, fMRIEE
TIZR-LT,



7 Granger[K REmE

ZH WRER R & B FRE R AT

FEA A A B
AA — KE 0.047 A A — K[E 1.984
AA — KA 0.631 AR — R 7.313*
A — JEE 0.952 H A — J[E] 3.578*
KE - BHAR 0.915 KE — AR 0.584
AA —RAY 0.961 AAR —>RA 0.867
KE - 3.131* KE -5 2.157
FAY - HAK 4.607* FAY - HAK 7.224*
RAY —K[EH 2.308* RAY — K [E 0.890
KA -5 7.350* KA —3EE 4.080*
Je[E — H A 2.079 JEE — H A 4.297*
FE[E] — K[ 1.727 E[EH] —2K[EH 5.954*
JEE >R A 0.414 P[E] >R 9.742*

T * 135 % KYETHE THHILERT,
FEAAIL20184E3 H 23 H 5> 52020428 21 H
FEABIZ20204E2 H 24 H 7> 5 20224E 1 A 24H,

5. F&H

AFaTIiX, COVID-19 N7 I v ZHitED CDS A7 Ly REnthi+ 52 &
ZED, Ry, BAR, EE, KEOFEE 4 HEOEMHY A7 OmE#EME &SR E A
YTz, 2020 F 2 ARICAZ VT TR T I v 7 BIER L72%, CDS X7
v N3 L7z, MY, AR, #E, BLUKED CDS 27 L v Fik, COVID -
19 O/ T Xy ZANTEIEEE) Ly, HEOKRRMET D 2oz, Ll RvT
R v 7O, CDS A7 Ly NFIEET L2 Lidmnozm, /ST 2y 7N
L& FHEORREMEN L A Shiz,

Raw, BAR, EE, KEOEHY 271%, SrF 2 v 7 AT BN ZEE L Tz
7=, HENLCHEE L7z, —5. COVID-19 /XU 7 2 v 7%, MBS HO L~ULiT[E
ICk o THRAR-ST-720, CDS A7 Ly RiZ#E# L THB LA -7, CDS Hisids
EOEHY AZITR L TEOBIRIZZRD . ZOfEE, 4 PEMTERNY 27 Mz L
THR LIZEZE X 6D,

(g (2000) DOFEFRIX, ARFRSCOFER & 1T 5, JHE (2020) I XU, =—nu



5 WE (RAY, 7TV A A X VT, RV IHIL, AL 2) D CDS A7 L v R
I%. COVID-19 /"> 7 X v 7 fELARNCIZBE L CTWvie o7z, CDS A7 Ly RIRE
ANZAEAH T &4, 2—a @m0y 7Y v U RAZIEH RV IAEN TV o7z, Ll
T v, CDS A7 Ly RiE 5 2 ETTHEE) L Tuh e,



3% 1 CDS &a—OBE DI BfEH

Ito (2015) 1%, 2009 4£ 1 A 29 A5 2011 4 9 A 16 HE TOHRICOWT,
2 OOMENLHHT LTS, NS, PIGGS (R b, TANLT U R, A XY
T, XY U, ANA V) BEEICBT DY 7Y CDS AV Ly B OWEB) & GEEY
%o WIZ, PIGS #&EMO CDSA7' Ly KN OEfFhantht 2, ZoHFETIALD
[« CIE a4 S =i & 5 v, $ic PIIGS #ETEOER2—nEHD Y 7
U ek E B S B0 ERFECE 5, SHTICIZ 54 CDS A7 Ly RO HKT —
2 %&JAViz, CDS A7 Ly R&E[ AL ISR LTz, £/, sl mae® Al (ORL
72
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Figure A1 Movement of CDS

Notes : CDS prices of PIIGS (Portugal, Ireland, Italy, Greece, and Spain) are shown.
The sample period is from January 29, 2009 to September 16, 2011.
The data source is Bloomberg.



Table Al Descriptive statistics

Variable Average SD Min Max Median
Italy 327.278 280.621 43.134 1214.856 274.575
Spain 371.393 238.748 110.297 1180.500 257.302
Portugal 159.395 76.074 57.718 504.000 154.888
France 736.511 662.711 100.500 5034.450 720.662
Germany 185.455 94.848 53.233 429.652 197.010

Note: The sample period is from January 29, 2009 tp September 16, 2011.

5 ©>® PIGS #ED Y7V CDS A7 Ly K &, 2—n@o Y 7 ) fakoiy

WlcHEE Lz, Y Uvid, o PIGGS s&E® Y 7V > CDS MBI Es 5 2
Tco —J7. o> PIIGS GEEMNOL DXV ¥ ~OE BT Sz oTo, Eibaohr
N, —aEOY 7Y fERERFICEB VT, PIIGS #FEOGEH Y A 7 3£ 8 LT
Wz b, e, XU U MBLo POGS sEEOERA Y A7 OFE(LERK TH - 72,



f#H&m 2 CDS & COVID-19

Ito (2020) 1% COVID-19 N7 X v 7 fifklcBiT 22— 5 nE (KA, 77
VALABZIT RNV AL ) IZBITFDHY TV CDS AT Ly Ro@Ehk
BT LTS, U7 VBRI, 2020 4 12 H 6 H2 D 2020 42 5 H 5 HET
THbD, ZOHHTIE, EU © 5 E (FAY, 7T A, A X VT KL B,
AL V) WER LT, 5 CDS A7 Ly RO HIRT —# 1% Datastream 2342l L
TNWEHDTHD, A XV TIETONRUT I v 7 EREDRAENKE RS NIRRT,
BAREEZ 2 DIZnEIL TS, EAOHIK (EA A) (X, 2019 4 12 H 6 Anb
2020 £ 2 A 21 ATHD, 2 FHOHIM (FEA B) 1T, 2020 4 2 A 24 b
2020 5 H 5 HETTHAH, CDSAT Ly NiZ 5 WETXTTEHLEN, 414
V7, AL, RV RHLVTOEFHEN -T2, CDS O#jE %X A2 IZ/RLT,
Flo. T X ORIBHEREREZR A2 ITRLT,
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Figure A2 CDS Premium

Notes: Data source is Datastream.
Sample A is from December 6, 2019 to February 21, 2020.
Sample B is from February 24, 2020 to May 5, 2020.



&R AT ADOA LA, COVID-19 /{27 2 v 7 fERELIRTR W CEEh 1 72 >
572, CDS A7 Ly NIMEHNAMME R E S, 2— v B2y 71U U 2713
FINENIR Dol LinL, N7 2y 7 fatiiE o 72T, A ML Xid 5 AE
THEBE LT\, ABRTSIE. ST Iy 7 AT T D KRB I Ko Tl &
B2 SN MBORT-OHMIMICBIK TH Y . RFTITHE D EEHES 22— B O/ A
TOARMBIZA MLV AEMRIEDLAEENDHDL ZLE2EH LT, XTIy o
IR, BRI AT HCBIT DA N VAPERT DL T, SRl o g1 e 2 5ER 2
R LRt 2 28N TE D,

Table A2 Descriptive statistics

Variable Average SD Min Max Median
Sample A
Italy 55.37 6.09 45.98 70.89 55.90
Spain 17.43 3.21 10.44 19.98 19.34
Portugal 20.68 2.42 16.33 22.85 22.09
France 6.57 0.35 6.07 7.09 6.58
Germany 5.07 0.00 5.07 5.08 5.07
Sample B
Italy 115.65 30.17 53.02 169.35 117.59
Spain 50.67 19.35 12.45 86.72 56.20
Portugal 56.36 19.75 16.54 87.92 60.28
France 17.04 6.16 5.59 26.14 19.22
Germany 10.16 2.69 5.07 13.78 10.99

Notes: Sample A is from December 6, 2019 to February 21, 2020.
Sample B is from February 24, 2020 to May 5, 2020.
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HAROAGEM G E 5 OBS eIX, FITHSERK 7 KM, s tisi 12 ki k-
D, KENCRERE 2 OB Z 75 D, F AT E 5 SRR o B8 Xkt
LOMGMBEOE SR E U TEEREEZ R L&, AEITEEORBEM E LT
DEENHLREL, TOREMIHEL2H ELTWD, 20X 51T, MG I35 o
WCHEARREZRZTZLRLbAA, BERHRELTOERLRE N,

TN E O M E TS ORERBREOTZOIIE, TRSMEICE > TOHBOFERMES
R ZED D ZENRARTHD, FDOITIE, T4 TIEMRTERD b & FEFN
URZFZEITo729 2T, FHDY X7 BAFICHEWERE TE DRIEHEN LI L 725,
LU, G E TSI BT 2 BEFEFIEIERE SN TV D ONRBIRTH Y, EFITE T 5
U A7 EBIEHICBET 2R A+ THLONBETH L, FENER L TZ20-o
FREERHEE LT, MFENFEFRIHMETHDICL b LT HE EEELFY X
7 ThDHETDH THREBROBRGR ) OFIENRZET bid, [HEROBURIER] OfF
TEIC KD, HBFAKFUEREOEHY 272 (A7 by RZ) OFEBEBEME I T
X2 n, MGETRBAERNT 7 A T AEBICBWCUIIEE A EORRE SN
TIhol, ), TRFEROBUF RG] (C &0 BAREBUF S G EIZFER L LTH
PIORERY XN D LD THDH Z EE2ARITEH LTV DH—F T, EICMBEES S
DEEDOFATHIE T, BITERM OB SR EZOFEEZEML TS, b L Ll
FIZEMERY ZZ7IZEKNT L L Le s, BEOBUNRIERO RTERMEN /R S, FIN
FabvbarA, WEBERESY 27 FEHOBANDFEBINCH HERF AL 7250,
FRICEALTHER - EERTOREIXIINETH LN TR,

ARRIENE, HGEDOERIZEN D2 D ERNCIE S L ORONEHLMNIT 5720
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T 115| 363] 164 642| |RiFE 224 56 280
BEHE 39 201 240| |gEAXE 138] 272 97 507
CEE! 106] 344 164 614| |gEAm 300/ 200 500
BEE 1032| 3882 2430] 644] 603] 335/ 152| 9078 [k%E 56| 197 98 351
BET 36] 176/ 103 315| [BERBE 74| 166 240
FME 1259| 4468| 3001] 752] 521 335 134]10470| |f:t 16242] 63056] 36738] 13527 8391 3311] 1755 143020

4. ATy REEETILOEE

4—1. ATy FHEEEETILOBELSBAHDLLE

B o a A L AR O 2019 4F & 2020 SEOZ N FN OB W T, #HE D
B FEET VAL, A7 Ly RIEEET LV EEET 5, XAL TIIRHEEOEN S
725 LN DNEHE 7 B 7= 8, AFS CIXRELRIIC L 0 EF L OH ) OHIE %17
VS, BT VOFAN R KIBIIR T LRV Z & 2R L7 b/ O HE R R & DR E
BITD o TORER, BT UGB O TRIEIOICEE o TR ET, REFIR, REAEE
e 7 — R BRID 3EHTH-T- (F3) . THOREEIZX 0% kT 5
L2019 4T 1 ZinFH 1O EmWET UL, rf (Random Forest Regressor) G, inPH/IiZ
#197.52% (F£4) ,2020 4ET 1 FAITTOEWET LT, et (Extra Trees Regressor)
TRERENTA 94. 09%TH Y, 2FBIZHHTIDOEWET /VIT rf THRIERBUIK 93. 6
% (£5) THDHIENHERTED, 2020 0D rf & et OFHATIOZEIIENTH D
0, B EOBCHABEDEEEZEHAIEEA LD —A TR bMANOEHNET




I rf ThDH I ENHERTE DD, KRR Tldrf 7 VA MEIT LEH L GEim g
D5, £/, 7 A MTF—Z TORERES FFEE (2019 4 : 9 97. 75%, 2020 £ : K9 9
5.15%) DOKETH U &V T3 HEFR X 417-, Random Forest Regressor (D/XF A —
AREIZFR6 OB TH D,

(%3 EFTMTEHALEEEY 2 ]
TokyoSpread ZIAROMERBERATL YR (BNEE)
YRSTOMAT AR DIRFER
jissitsu ESEAROEENELER
COuUP ZEAADI - EF)

[£4 2019 4FEEF VO]

Model MAE MSE RMSE R2| RMSLE MAPE TT (Sec)

rf Random Forest Regressor 0.0010 0.0000 0.0013 |0.9752| 0.0013 0.8180 0.6900
et Extra Trees Regressor 0.0010 0.0000 00013 |09746] 00013 08724 0.5100
knn K Neighbors Regressor 0.0011 0.0000 0.0015 |0.9692| 0.0014 0.9271 0.0110
dt Decision Tree Regressor 0.0011 0.0000 0.0016 |0.9635| 0.0015 09213 0.0180

lightgbm Light Gradient Boosting Machine 0.0014 0.0000 0.0019 |0.9472| 0.0019 1.1024 0.0320
gbr Gradient Boosting Regressor 0.0019 0.0000 00028 |0.8942| 0.0026 1.4165 0.2600

ada AdaBoost Regressor 0.0034 0.0000 0.0044 |0.7255| 0.0041 3.7239 0.1250
lar Least Angle Regression 0.0045 0.0000 00068 |0.3562| 0.0060 3.8513  0.0050

br Bayesian Ridge 0.0045 0.0000 0.0068 |0.3562| 0.0060 3.8509 0.0050
ridge Ridge Regression 0.0045 0.0000 0.0068 |0.3562| 0.0060 3.8513 0.0050
Ir Linear Regression 0.0045 0.0000 0.0068 [0.3562| 0.0060 3.8513  0.0050
huber Huber Regressor 0.0043 0.0000 0.0069 |0.3307| 0.0061 3.4487 0.0360
omp Orthogonal Matching Pursuit 0.0051 0.0001 0.0077 |0.1786| 0.0068 5.2191 0.0050
lasso Lasso Regression 0.0063 00001 00085 |00002| 00079 66778 0.0050
en Elastic Net 0.0063 0.0001 0.0085 [-0.0002| 0.0079 6.6778 0.0040

llar Lasso Least Angle Regression 0.0063 0.0001 00085 [0.0002| 00079 66778 0.0050
dummy Dummy Regressor 0.0063 0.0001 00085 |-0.0002| 00079 66778 0.0040

par Passive Aggressive Regressor 0.0088 0.0001 00119 |-09811| 00118 1.0000 0.0050




[355 2020 FFEEF /LOFH S ki)

Model MAE  MSE RMSE R2 |[RMSLE MAPE TT (Sec)

et Extra Trees Regressor 0.0013 0.0000 0.0018 0.9409 | 0.0017 3.5709 0.8320
rf Random Forest Regressor 0.0013 00000 00018 | 09367 | 0.0017 34057 1.0790
knn K Neighbors Regressor 0.0014 0.0000 0.0020 | 0.9224 | 00019 37113 0.0140
dt Decision Tree Regressor  0.0015 0.0000 0.0022 09118 | 00020 3.6453 0.0250

lightgbm Light Gradient Boosting Machine 0.0021 0.0000 0.0028 0.8547 | 0.0026 64070 0.0470
gbr Gradient Boosting Regressor 0.0027 0.0000 0.0041 0.6870 | 0.0038 6.7265 0.4790

ada AdaBoost Regressor 0.0042 0.0000 0.0054 | 04497 | 00049 81867 02820
lar Least Angle Regression 00045 00001 00071 00614 | 00064 92102 0.0050
br Bayesian Ridge 0.0045 0.0001 0.0071 0.0614 | 0.0064 9.2074  0.0050

ridge Ridge Regression 00045 00001 0.0071 00614 | 00064 92073  0.1990
Ir Linear Regression 0.0045 0.0001 0.0071 0.0614 | 0.0064 9.2073 0.0140

omp Orthogonal Matching Pursuit  0.0045 0.0001 0.0071 0.0604 | 0.00685 9.4147  0.0050

huber Huber Regressor 0.0044 0.0001 0.0071 0.0543 | 0.0065 80649  0.0560
lasso Lasso Regression 00048 00001 00073 | -0.0002 | 0.0066 99997 0.2620
en Elastic Net 0.0048 0.0001 0.0073 | -0.0002 | 0.0066 9.9997  0.0050

llar Lasso Least Angle Regression 0.0048 0.0001 0.0073 | -0.0002 | 0.0066 9.9996 0.0050
dummy Dummy Regressor 0.0048 0.0001 0.0073 | -0.0002 | 0.0066 9.9997 0.0050

par Passive Aggressive Regressor 00347 00014 00377 |-258569 | 00362 580525 0.0070

[ 6 Random Forest Regressor M/XT X — H R E]

NIA—=4— RE NS

n_estimators 100 |NF2H(CARVBREARDELR

criterion mse |[REARDT—F%5EIT 31512

max_features auto |RERDENDIHDOIFHEE. auto [FFFHEEDIL — ME
max_depth None |RERDFESDEANE

min_samples_split 2 |J-RDEOHORERER/INGVINYAX
min_samples_leaf 1 |ERERIZOICHERR/INBOY > TILER
min_weight_fraction_leaf 0 |ECBI2EHORINOER/INNER

max_leaf _nodes None |ERKENZREANICHIIZERADEDE
min_impurity_split None REARKECHIFDIEIEORIE

bootstrap TRUE |J—RANSYIHS TSI ORIT

oob_score FALSE | &J—hARSY TS UG T U enighoreT —90OF
n_jobs 1 |ty bBLIUFRIOBRICAVD ALY ROEL

random_state 123 |EL#S—R

verbose 0 |[EFMBEAREONE-SFE

warm_start FALSE |BE(C T4y NUEETILADFEDIENN

4—2. SUFLIALRAMETILOHE

FEOSTTHRY R2 B3E > 7= rf (Random Forest Regressor) (Z-DUNTHEEL %5
W95, FEET7 L, TEOHTRAUCLLET LV E LTHNS Z <, are
2= NT AN REICTFE L, & 2B = RHOTHTFIETH D, —
AXHINT, B P EDSEEINT DI O THEISHIIZ Z DMEREZ WET 5 Z L B ARETh



Do HBFEBEETNMTSESERLA TOETAPFET DD, TD ) HDO—DITHR
EARGHT 38 %, Random Forest [TIREARZHT O FIED 15T, HIWEKIZEET Hi
BIZE % (FEfE) I K W BIARIRDOET NV E BT 2 947 515 Th % (APPENDIX) , R7E
ARAMFIE, T, B, R E 2B E L THEDNL AR EEOFIEDOLESTHY,
REARDGHTD 12T D Random forest IF, BRI & HHFEBEO EHHICHLANWD 2
ENTE D, WHEEAMR L, IRERICE W FEET — % 250 k> T —
TERSEL TN, BIZE, H5 1009 PN eE 22808, IRERICEI W ESH
TRERPTE 7 v — 7 3% A 23, Random Forest Regressor DIHEIZiL, &4l X
S THEISNIZ T N—T OB OKRIZEIT 5 FHEE D 2 & THERIEZ RN 5,
Z D X 512 Random forest [FRERET NV EEEFNHTHZ LT, IRERBERLY HF
HRSEOR LA LFNTED, ZOXIBRETNVEEEFNHT 2 FEEZT 7
NWEER L TN H 2 12R 2 OFEERE L THE SR EZHRIC I VG ST 55
XY, PHIRE I 210 LS E2FEEFHIETH D, REAEMBOMERIZLT L HEL 20
D, EEORTEREHND Z & T, BEORWNET VEERTED E WO FEAEENL
TFETHD, ZERTHEREZRET D HET, SESEREZDOANIEZRT RAA
2B WTHREMICELZHE L, L0 BWEREZES &0 ) —fRESTHIThb T
DB TN D, BFEICBWTHRICL I REZDOL & EHOETVEEY
Bkuz & HZ T, K@K REEDL Z LN TE 5,

RERDOHER DKy U T, FET —# 2 nET 2BICERZELL, LD
LT = 2B SRIENZFE LT, IEATIE, [ CREEOT — & 25
ELTHETHZENENLRDDT, T — X OFLMES 2R T RME/NE <
BHEICT = EHEIL TN, HEENT I N—TIZR—DT L (K57 —
2) N LAFIET DRFCARE I NS 20, pEENT T N—TIZ R0 D T~V in%
STHETHERMENKEL D, RMELZRTEANRBEL LTIfc b on
AT D0, REBEORBEL LT SRERET N5, BRI TIEL, 2 TORM
& EEIC OV TRME 2 35 L, Bkx 7250810 W CARHRIEE AN e b 18D 495 2 B4R
L, IO TN—TITHEN LTS Z & &# iR LT, Random forest Tl
BEE OB WVREEIIAMEZ RSO T Z E0NHFHTE, BEE O/ I 7 FHHEIX
AHEZR ST Z LN TERVWFBEELR T, 20X, PHFRICH T 2EHEE A
R @& L ICHE L, RERREEEZ PR L T 2N TX 5,

L, ERED X 9 2 FIATRH — DT — & %> CTlE—O%FE Hik TIRERZERT
e, MIFERBRICIZR>TLE S, ZOTO,RERD 1 D1 ONEEREEFF> 2
ENEE L 72D, Random forest TIX, 7— F A N7 v FIEERHEED T & AhHIC
XV, ZNENORERIZEZ LT =2 % 3EFERNCTE LT 2L L ) I
FEIETNWL, T AT v TELL, FET =2 LNEORRDEBOFEET
— B EERTDTFETHY, 1 DOFET =2 DOMEL T ¥ AME T 2175 2



IR T = EWEOL DD, T—FIZEHMEELZ LT b T Z EMAMRE L 1 D, D,
FHEED 7 o Z LTI, FHEED 5 6 1 HOREETZ T2 7 X LITHWTEE S
H W<, Random forest TlX, 7—hA N T v FIEICL VYT NET X ANITEI
42 LR, IREARD J — ROEIR M EZ R L CHEEE1TH Z LIk
D, FERDOZERMEAZF - T D,

fih 7, BT E T T BRI, ET LV ORE LR LIZ< W E W) RERRENH
Do DFEY,BHBIRENFET Ve E LR LTEGE, B E O X9 i ROHEEIC 72
STNDLDNPEN D BENEE L NS WO FEN D D, KR, SRR 70 K OFHITHB
T, FEH DX 220 FT VORI 535 B 720 E T V7 B 15 B AT /i SR O FI) 1A
ThOHIGENEZ . WHTFETT NV CTIHMIZAT 258, WNNIET VONELEL,
ARE T HAIURRREBIR AR TX 20080 ) BIERICEE L 25, Z OB OMFER
2L, SBOMIERERSCES ~OmEAICHT=> T, XAl DIFHNEH TH 5 aTFetEN
b5,

5. XAl DB FEOHE

— RN, B T VISRER R 72 & O FIEICHA_IERIE e BRI L RBLTE 5
728, M) DO EWE T IAEEN AR CTH DG BN LD, T NV ORRBKNETH 5
BB OBEMIC L s TUIRERFBEE D2 b b D, FRTEMOSE T, TV
OIAELR MDD 7 — A b2 S OOIIcB W TET VOMREITH Z &
I ONEET T v IRy 7 Z LS E RN E WD BLEP O EERGENZ N,

AR, B IS BT BT VOFFEIRATREME DWW T, 2 < OB 2IEIZHED BT
%5, XA OITEOTELE £ LDz BEL UTH F(2021) 2T B, HE €7 L O
AREMEZ ] E S 5720 Ok~ 2 FIEZ D B L TIN5, R EOEMER T T v
TR 7 AT IVOEE BT A 7212, Permutation Feature Importance (LAF PFI
L IES) | Partial Dependence (DA PD & WESS) | Individual Conditional Expectation

(LLF ICE & ME53) | SHapley Additive exPlanations (PAF SHAP &BES) 7R XD FiE%E
AL, ZNENOFIEOBAICOWTHIEZT> T D, T VOERYEZBLERNZ 5
i3 % &, OENEE L ORRRMIEIZEB T 2R MEO ERE O E &L, OFEE & THIE
DO 72 BARRME DR, @ MR BRI TIHIE 2 ENR VA VA X AT L OFF
& & THIE & OBIRMEOHE, @7 L8 BHBVAEEIZX LT T 7= PRI RT3 2 Bl
DfFHA, 72 EOBLENZET b D, BT EET MCEIT D XAT IZOWTOBLE, FiE,
Bl o BRI 72 S 12 oW TR - A (2023b) 22 S 72vy,

5—1. RBEDEERE

A SOHERMEOBLED 5L, FEEOEEEDFERIEIT O 1201, BHFRHEED
H BZEEIT %4 % BB 2 THRIBRZE O BN 53 TE BRI HIWT 5 Permutation



Feature Importance (PFI) ZMH 5, PFI TIX, H A EDFEEDEL > v v 7V
L, & OREEMME 2 72V REBIC L C, BIZEEICK T Dl &b a 5t &b T 5,

b D RS EAE > v v 7V LGB PREREN K E N UL, T 7 AR % ORHEE
FEHMALTNDEBZZDHZENTE, b LTHRENSEIL LW D, ZOREEITE
WCTRWEHITE 5, FRHMEICKH LT, ECORMEDOHERIE X DA & S
BEOEREMLDRNVIGE L O FHERELFR LB 2T WS R E O BEE 2 1E T
%o PFI OFEE LC AT HET MK DHIRA 2202 &) LD ERA CREfE
LT W ERENRETOHND, —J7,PFT OEE M E LT, HEEOHENE WSS
WIETFHEREZFHIT 2 2 E M TERWEENH D 2 &, R & B iAo KRR
& LTHRIRT DIITfERE D) 2 &R ENRFT LD,

5—2. B¥HEL FAEDFHMLZER

Partial Dependence (PD) [ OFFEE % EIE LT D HRHEED/KUET T 22 &
H, AV ARZ L ADTRNEE L) LTS 2 51ETH D, RO PFT TIE, R
BOEEEIIFIRE AR, FEEOM & HNERDOIEAD G mEOBRITA~S Z &
MTER, PDIZEY, HDFHEEDMHE L BOEBOMEOFE) 2 EADRERE D
ZENTED, PDOFRE LT IFETIRIFETHD Z L, thORMEORELERE
AN THEREEDOET NV THE~DORBEL MR TE L LR ENETOND, —
75, PD OERE S E LT, FE s HEROREEGR E L TRINT 2 1S3 EMRE £
ZE A VARZ AT L OFEE L BIEBOMNOBERIEIZ D DR L2 BN
Fohs,

5—3. A VRAVATELEDHEHBE L TRIEL DR

PD 34 & B OB O BRI D TIET, A UV AX VAT L ORI
B Z A Z LITTERWVWEWVWIFRENH D, Individual Conditional Expectation
(ICE) TlE, A Y AKX VAT LMD RS E % [FE L72IRRET, & 2 FE 0Kk HEZ %
L&, FiE L THEORBREZ R T2 HIETH D, ZHICED, A v AZ AT L
DREVEZIIE LETNVORD TN EZ LV IESEIRT 5 Z LN AREL 78D, ICE OF)
RELT,HEAUAZ AR U TEFHE S HOER ORI ZER T &, E
TNLIFEFTHDLZ L, FEEBEORAEERZ L DX ONDAREMENH D Z & 7n E3ss
Foid, ICEDEERE LT, FEEE HIEKORRERE L THIRT 212138
Bafho 2 & ERRE LRWEBN S 5 2 &, B E O EEIE O TR 5 03
DD LR ENFTLND,

5—4. BRZEHRICH L TITo=FANDEH



KA AL AOTUUEIZK LT RARBY iR A 78R & 72 5 FIEIZ SHapley
Additive exPlanations (SHAP) 723 %, ICE CIZET /N THENELZ H L7-#H %255
T EMTE R, SHAP TIE, BB E OB OIS H AL 5 2 2 5B RS E O
HNE A2 /b9 25 2 LN T& 5, F£77, SHAP TIIHHEED VR 22 BT 2 50 E T
YD 2 & B ARETH D, SHAP OFISIE, EVE DS RIZB W THEH Lo E L
PEZF > TWDH T &, SHAP 1X X 7 v ffil &~ 7 m RO E B I b v S
TENTEDLZ ERENFET NS, SHAP OIEESE LT, ICE DX 9 IC&5 KM EIC
KT D FRUEDZEAICONTIE S NS RN &, FHERAR NSV &, Hinm O S E
ﬁ%@%@’w&ékﬁw:&&8ﬁ$f6hé

W17 — LEERICBIT 2T LA Y — DI iof%%htﬂ%%%7v4%
—k@ELAE¢5K®®%ﬁ$$@*OT%5V%—7V%ﬁ(%wbyhm@
E<HBENTZFIETH LN, wmm/k—7v4m%%wﬁﬂ_E%Lt$&1%5
Ty — T VAEDOFRIZIL, & D RHEEOEOHEN BEBIZ 2 2B EET D
7o, T AHEBNRKE L RDITWEVER T — 2 OB EDLEEEZEZDZMLERH Y,
SHREVNERIZRDE NI T AV v EBFET D, RIS, BT E 7 L OBEIZB D

T, 74V TN BOR T, T—FHERBERIZR D Z ENEL, vy —7
VAEZM T EET VICEDOEEFEMAT HIIIRERES, ZOXIRBER1H
D, SHAP Ci, StREOBIHN D720, ¥ v — 7 L AMEDRE AR &/ & < LR Sl
WCEHE T A L9 TR L TWA, #:1Z, Lundberg et al. (2020) 2% Nature Machine
Intelligence [ZFEFR SAVTLIRE, SHAP X B AR FD A7 b THAERF O BITBNT
t XALI OBV THER Y —L D 1oL L TR SED TV 5,

6. XAl DEHHERLER
KECIL, 5ETHRAN L XA OFFERIEICOWTOS AT — X IZEA L, T7 /1
DFRFRYE DB 6 SIHTHE R D ERELTH

6—1. HEEDEEE

PRI OfE5E (K1, 2) #/R25 &, 2019 4F, 2020 4F & & IEIFAER, FEAMES R,
7 — R OIETEEENE N ERNbod, 2019 4F L g LT, 2020 4TI FEE A
R, 7 — R ORI NS RIEBE)TH D DK L, FRFFEROEEE OEI /N E <
70 BEAFAEIR & EEMEB IR, 7 — R OBRBEEOEDNSL o> TNDE I ERb
MD. TODI LN 2019 4E & ik LT, 2020 4E TITFRAFAERIZ ) 2 & TENC 21
NooT=bD EHEHIEN D,



B PFIICEABHENEEEDHER
[XI1 2019 4E PFI]

Permutation [IC k2 M EDEEE

YRSTOMAT
jissitsu
coup

0000 0.002 0004 0.006 0.008
difference

[¥2 2020 4F PFI)

Permutation [IC k2 M EDEEE

YRSTOMAT

- _

0000 0001 0002 0003 0004 0005 0006 0007
difference

IR DO FE THREEE DO BEE OB A MR L TH D, SHAP FHEORER (X3
K4) #H5 &, FrEOEEET 2019 F TIIFRFFER, FENEE LR, 7 — T/@
JIE, 2020 = CIIEENERE LE, FRAFER, 7 — KR DIATEWZ L1300, 2020 4T
XFEAEERIEOEBEEPFRFFREZ VI L TRrbE< o TnD, M3 DRGIX
BWH LT =20 03HR SN 5 HEEME A 7 Ly ROZE)453 0. 84bp (3 0@%&5{

BFHE) D95, AR (YRSTOVAT) DFRKSIE 0.45bp TH D Z & &R d, %

BNEE RO SHAP DK UER FL25 & 2019 EDfE (0. 45) 1ZxF L 2020 4= DfE

(0. 23) zﬁjtrhm KT LTWAZ bbb, —7F, FEAEE RO KAET 0. 27 2
5 0. 31 IZETHEM, 7 —R 030,12 2005 0. 11 SIFIFRIENTH D, ZORENS, Hr
BlawF oAV ZFEERTD 2019 4FETIIERFFERDPRELS R DIFERAT Ly FAKREL
2B LD R AMEI SR S B S, 1 FIEAERS 0D 2020 4ETIEZE O BRSNS
S Bole Z PR ESND, Fio, FERMEBELFEORAT Ly FA~OHEBENE T L



B2 nbnd, 2nboAE, PRI L AEEEOEEEOHREE ] LIFITREE
DIERTH D,

B SHAP LK SHRHEDEREDHER
[X13 2019 4= SHAP O F-#fi]

+0.45

YRSTOMAT

jissitsu .27

coup +.12

I | I
0.0 01 0.2 03 04

mean(|SHAP value|)

[X14 2020 4F SHAP D -]

Jissitsu 4031

YRSTOMAT +.23

+0.11

coup

05 020 0% 030
mean(|SHAP value|)

000 005 010

6—2. "HEELFIAEDCTHMLZER PD) L4 RF2 AT EDEFE (ICE)

5, M6 1 XFEAEEILEL AT Ly MEDOFEERIRBEFETHL PD AR LT
%o X5 ? 2019 FEIZKF L, X 6 0 2020 4FClE, FEE AL LLE N LERY @ 16 LLEOTE
G PD OKMERCMEL T L CND Z EBbA D, ZIUTFEEAER RN A& 15
VI EofEE CHGENERICIT b Z E 2R LTV D,



[X5 2019 FRENEE LR PD]

EH/NEEE (jissitsu)DPartial Dependence Plot
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[B6 2020 4EFEH AN EH H = PD]
EE L EEE(jissitsu)DPartial Dependence Plot
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AVAZ AT EDORRTHS ICE (K7,K8) AR+ 5L, XM7d 2019 4 TlELE
BNEE LR E 15 PLEOFEECT PD OfEAY 0. 03 BED & DA% < H 6312 DIZxt
L, 2020 AECIEMEAR 0. 2 LA F £ 7o TV B Z &2 s, ZUL, #FifllaaF oA VAD
FAEIZL DY AT BN D, O0mO DO FEENEEFEORIRETHo THRAEEL LT
DG E~BEENTRALTE IR S 5, ZOFREFIZXIS5, K6 D PD OfER L BEAEHT
b5,



[X7 2019 FFEANEELLR ICE]
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[X8 2020 FFEAEELLR ICE]
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FRAFFEIR & FHIA 7 Ly MEOFEHRYREER (K9, X10) 2225 &, 2019 4 (X 9)
& 2020 4F (¥ 10) TPD DILIRBKE LS Lo TS Z ENbNd, 2019 xf LT 2020
T, FRAFER SFEREO PD 28 EH L TR EHEOFITIFFE b8 s 5 —77,
FRAFAERR 10 F0 6 17 5 FFEED PD N T L TR Y BEFMEOFITIZE b8l H 2
ZERDOND, ZORRITH I NG 4 DOFER EEEHTH Y, T EOFERITH L T
BATEOBNKRE DT ERbD,



[K9 2019 4EREAF4ERR PD]
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[ 10 2020 5474 (R PD]
(YRSTOMAT)DPartial Dependence Plot
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ICE OfER: (X 11, K 12) 2251F, 2019 4F (K 11) IZBWTIEPD 23 0.02 2 2 T\ 5
HOH—EER LD, 2020 £ (K 12) TlEBBTe10.02 2 FlEl->TEY, 2020 4FlC
T EENSEIICE DN TN Z ERHERTE 5,



[X 11 2019 #FAFHRR 1CE]
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6—3. BMZEHICH L TIT>-FRIDEH

SHAP D 3 A D IFER TH 5K 13 128\ T, #lhS HEK~DOFHE DO KX X,

HCHh S B D E R DAL 2R T, RITB A EENIEDMHE, ERADEEFRT, Flz
1%, jisshitsulL jissitsu DEIN/NE L 2D FEPBEIO~ A T ZAOFIKICZ < A S

N5, HIEBRA~OFGEIN/NE L (M) 720, jissitsu DENRKE L (GR)

RO EBERA~TFEENPRES (FR) 725, O£V, jissitsulXZHEREE
DORENR S D Z L NDnd, Eio, MO FRBED TN TR, FEAEEER, 7 —
R DNEZ DT, FEEOEBEDNEN S Z DIEFIZE W E N5,



[ 13 2019 4F SHAP %347 )

YRSTOMAT + o
jissitsu —+—-
COouP - +m tHan  smme

002 -001 000 001 002 003
SHAP value (impact on model output)

Z

Feature value

X 13~ 20 D F T —RRIZHOW T34 v MEFEEX (Do H LME T 5 b k2 EREM
7 GaXt) ) #sBoc ke,
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(DMEERZ RO RETIER

R Cib~7z X 5 7 ESG 3Hli O BUR & FiVE 2 B £ 2 >0 Kt O— 2> D EGFCTH - 7=
Wi X7 + —< v ROMFEMO K E T2 LT, 2oL oMb nznilziko
THEE0, fhmm O 5 21X, ZNENORMER 2w tiswEllchb s tE 2o s,

[ART LERH] &v o3BT E L CoWRIEy, BERNRERL VICERTI
EAARTMMEET =V, 4 AT LTS, 4 2T LR, 4 2T LRMTEEL 4 R T LB,
ARTLAREEHRE 7 7V L ART Iy 7 - T IVANT 4 Tl e LR BEiic
Rt h s (FH 2017), 2095 b, AECEMT 2 ESG HKE L DHIKD 01T,
A7) == v 7 OBEBEPHEN RO LTI, 720747 )74 FOB M
SRR B Y] &5 2 %,

ESGHE D e LTIAZREDLD L, Bl L7z X 95 AfENRE LT3,
PRifife e, 2%, v — v, AEERES @E#ET 277 v F2ED) KRO K5, LiIFL
¥, ESG & 0FERICER L < GSIA [2020]ic X 2 WO NS, ThDHESGA VT
7r—vay (F&EFHGIC ESG ol ZHAANS Z ) BEZ VT =Y AV b ERET
B (BREBEICESGHEFZRT L) BRI ) —=v I/ A AT 4T A7) ==V
7, RST 4T R ) —=v 2 HRNPICRZ b orEDL), T—<&KE&E, [ v X7
FMEE L Vo2 b DTH B, ESG WRilifgsi A Lo wEFhpIcEfEd i3 E 2R Tldaw
25, ESG MMt D ERICBR L T3, ESG R a7 2HEL —EU Lo a 7263330
BIEEICHAAN LN BTSRRI N S, ZOoEK® TR, bk [RY74 7+ %
IV ==V ICEENELEHEZLZED. KERN 7+ —~v VAR L B BRER
T2 L VHIBETIZIESGA v T2 L—vavediEzbind, MDA 2T LIS D
HATHEKRLELIIC, A7) ==V VOBREPHEN BB DO LLT I, 7—2DT R
47v) 74 FoBlM T, ESG HREHEBUIILE L 2@V 2H L Cw b e E X b b,
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M# DFFRIEEZ1T 9 LT, ESGHE + 4 R 7 &Moo VFhIcE TS LIFLIFHV
5N 5 KRFFEBERBESHEME L 22K MlifE 2 v 5, 22 TlE A X =YD LT D
HOEDTWIND HAKREZNR L 5, HBONR E L THRHT 2RMTEEIILAT D 4
DCTHD, TNENDHI G 20F DL L, 1070725818 (ORI AR L)
fEl A D e R B 2 R &2 i 5 PR LEBIE 2 S0 2720 TH 5, K3 0o R e
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BT D ST B E EE R L TV B85, 72205 &5 o TG & LT ESG HRilifg8 D /5 23
A 27 LRMEEC L 0 MBI E . 2w 2K T —~ O i E DE W E
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CTHLHERBRICENT 3 2 e BRI NE 5 TH B,
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T LzamHBEAAE L 2 RICiE. % O RN W ESG Za 72 H L Tw5,
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Y — X — RFGRDSBHEEGK) 700 88 268 $atN & o7 THh 5 oic, HEARED &V
PoTH D,

WEhICE L, 4 R T LR H N ESG HEffifsiich . N Fnasifak L iz
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WK EREZFHIC W EFHEIT 2 03@EY 7245 9,

—F. AT EF R o0, 2RO TS AETEICE 2724
YoX7 PV BIE TR, ESG HELPKE K BEDORECHRELZ—/T, A A7 L
BEICE DS ORERA R T LN EEIZEFT L5 1Cho7z v T & HIglE
TWEEZL720, MEOMICIIKRERaY P IR 2H 5, RWFFETIE, fREL TR
V==V 77T RDEBEWICKE AR E T NEEHI 2L Lo, MHEBBETH
ICG 2 2Bl S R OMFEERE L Lz v,

5. iR SEROMEADRE

LAEATELS1C, ESGHREL AR T LRI INORZ ) —=v /DT rER
2% 0 REWICIE THEEMEOFERICAT 72227 ) —= v 7% &2 Eo&iiimi e LT
REEIND | LW HTHEUL TS, L2LAYL, A 2T LAREBECEFER2) —=v
TR TH L DI L, ESG HEICEWTIZZDRZ ) —= v FFERICkZ N
TV XNH LR EDET, MEFDBNDIFE Y ICR o7, —7 T, HAGTEE D 7 %l U
T, WTFROERENICHE N T, BIEREOMIC N7+ —<= VY ZDKREREVIZA LN -
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.2 LT, (T LA RTLDRZ ) —=v 7T A 2B L LR ED)
ESG 227 V) —=v 703tz En 3 X5 afmsfshs e 2 5Tdh 3,

bb oA, HIMifEE TR <. M oERE 2 AT R 28R 5o 2 /REIEIE &
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1. WigEDH/

AMEDOHMNIE3 2H 5. —DHIZ, MY 2 H 0 E W X [ELEEZ O < 2 HEmITSE I FERE
KEoTHETZZLTHY, 220HIF, DI IE#EZHET 2HEEOCH HrHEw»
S ICHES 2L 2R T L TH S, 3o, BERETHT INZH WE WX a5l
ERREOTIGICERTARKIDOFR— b 7+ )V AEREZFDFAL 5 20 EB0TH3B.

KIRDAESRTE CHOL T 2 MM, CAPM 7t &5\ F W X A2y 7@ i ic i o < Bigm=e
TAOTHE IR LBHMONTVE, HVRELIOEFME BT VI 5 OLEEE
%o B L CHLY Rz 5 BAEIE & A L 7= Klibanoff, Marinacci, and Mukerji (2005) (LA,
KMM) Ic35 < B\ F v S BEBE ONETF 1, 5 1 BB RERI G 2 bnm v L,
2 BB IIHERELM O LORAL LE LTHRTE, Lz -> TH 2 B CIHIER
DY RZMEEEZNTT 5, & A A7 EEERED, B FE v S [EEEEEA O TH 5 2>
BPICDWTOMGEIZEZ 213 E Lo\, 22 THRAE, VR 7 EREEDH W F v X Ak
JED DM B D RN D

U R 7 BEEIIEHRORA, DV »IEEEIEIRoREZRO 2bDLEZ LN, (T
HER EOEBICREE T 52— ED ) AVHRENRD 5 ERKL, KA Z2RA T 2 EXK
ICDWWT, B ZEBRED A A =X L0538 Twv 2 LT, lAKRER O EA R
EEDHTLIEDONT, BT VAEEO P — b AV MEABEEL T 5 AREES S
% (Wakker2004))

Lo Lads, BITMEICEWT, —D20FEBoh T, B 2MEHOFHREZ G 2 Tz,
72, FERICBT 2D 0FEOARIERDO G 2 /71T X o TIFEERE & #ERE K< o g o |
F—onlloTLEW, DFLIMEESEL CFHIITE ZVAlEEER R I T2

AT, I, EERNEDVECREREZE52 52 LICXD, HvF v X [EEED Y
A 7[R LR CTH B 00 &) EFRIC X W MEET 5. FIRFICH v v X [alkE o s €
TNADMEEEITH) TR TE, DTV IEEEDOFEFRKE L Ca-maxmin €T L&, -
contraction DIFEED EHL L EHWEIRE RO ERET 5.

2. HEEEhdET L

Epstein(2010) 233~ % X 5 IC M ATREE SR G ORI L B\ F » X AT © 3B 234
ARETH 272 01X, RRATIHICH T 2 PHEREZERENITR L2 LTHHRERICE 5T
ZDEHRITEH TR Y. BEORENZR D DL, maxmin €75 L TH Y, Ghirardato.
Maccheroni, ¥ X 18 Marinacci (2002) 1< X 32 EF L DYLIED o -maxmin 7L TH 5,

UP,h)= (1—a)min Eplu ° h]+ a max Ep[u ° h] for h € H



ZZTC, h 3FLALIENT AT 0EA H DO5bD7 7 THYPcA (@) FHAD
EDIREDN L OMERTHNEZ IOV TOERBNAFERORATH L. Ep 13, &7 74
A7 p € PICOVWTOWFHMEZE L. u-h: 2 - R IZ. MR we 2 OFIREDD,
FIRET oA Eh(w)[u(x)] CEBRT2HHERTH D, a=1DL &, xdIEHE]
Miczb, a=00e 2HEbEBMICKS.

72 B EFNICIT € -contraction NAFEETA2H 5. BEREH X, 52 b N-fEXRnfE
WEAGEZO [0 b o Th LREM/NT 22 LIk o T, ZBINABEEOEAGRTE

%3 % (Gajdos, Hayashi, Tallon and Vergnaud (2008)), #&4f i, SHERHEMEEAGOTE
DELDZ DIMUlO MBI G T 2 TEROMETE P L2y 2245 —x5 s(P) gk
TRING.

UP,h) = (1—¢&)Es(P)[u > h] + emin pe P Ep[u ° h]
= min p€ (1—-¢&){s(P)}+ &P Epl[u - h]
e =1 oG, BEREFIL, SAO0EREDEAL £ o7 (MM 3, mReEMD%
AR TREO 7 — 22 RAT 5. 2F0 e PREVIIEDL VTS EHESFE W LI
5.

T AR DRI R BIE, K= b7+ U AEPRIC, Y 2 7 [EEEL L B> F o & [AlEEEE
BEDLIHEL TV LD EZHLNICT S, ThbbdnE v EEZFHHT 2Hk%
BET MG L 72 RBF R AT, A RET VICHIG L 72 K Lok 3 2 #RTE 2> 5
I N7 ) R 7 EEECH W E I AR, HEOFR— 7+ U AERE EORE Y
R— T 20%H|~5.

3. EEiL zofER

Fald, 2018 FEHLEML T EHVF WML L EIET 2EEEZITo72. 2 D0DK
Bikl, 3200HbVECARIERIEREESGZGAT, UTOZL2RRAL TV,

1, VARG BR S EEEORIC IO T MR LR v b, E2FRCY
A an 2L CEIETREM: ZHEBR L 72856, U R 7 [k O AR C I BERE X [l 03 1%
EAETHHIN WS LR L 7.

521, BERR X BLEEORRRE L. MERATREMEEG O RAMERRRE IS L CRRISH TS 5.
7o 72 VRIS L, #FrlRetED m WEBIC L WV EHE TH 5.

H30C, BRSO A T % e—contractionmodel 13, a—maxminmod XY b %D
THHICENTERD 5.

H4, BHRIEEOEAWIZ, AR Ry 7 A BERRE R 7T CTER T L
2DICEFY —=FAVYFPDHEHB, TN FY—=FAVPEDD/NEL RS, 2L, BHNAR
HOFEVIEEZERLT 2D E LR VERTIEID E I EREEICERENMEONNA T
ABA>TNWBZ L ERET S,



R Odds 7 & pfE

T 5.87E-01  2-40514 0.487  0.6264
CARE ARSI JE 3 -3.82E+00 ©0-00043  _2 109 0.035 *
IR Y X 7 [E8EE -4.83E-02 0-90826  _9 087  0.9305
ERYTIV—TARIT 6.64E-03  1-07939 0.123  0.9018
MR (ZE=1) -1.96E-01 1-07416  _0519  0.6037
F 3.98E-02  0-79949 2.321  0.0203 *
KEAI -1.60E-01  1-0793%9 0751  0.4528
AL FAS -2.39E-02  0-95215  _1217  0.2235
He (BULTRESR) -7.38E-05  0-99984 -0.61 0.542
THEETES -8.91E-04  0-99819  _1504  0.1325

£ 1 HERBRBHKHEELZAAL 2WKRXTHE~0SMicowToET v

6, AiffgEcld, FRllEnzd v v EEE RS CE T 2 dTE~0 () &
MZEHAL TV BZ00%2FT22L1cd Y, 2023445 Hic, st r~—2icBnT,
84 NotEZNRICD I CEEEEZITV, 50, HEEHICOVWTOY —_ 4 21T 7=,
Z DFER, B F 0 I EEEIFARICKRXTS OSSN - ASGEE Lz LT 2 LB bh
5 (1), =77 LERE»LEHEL - odds FbiZ, 0.000429 &/hX v, L7=23-T, HunE
WX ERERE T S L, RS~ RSBz 2w L 3AERICEDONS. 277
LZ OB IRIEE IS, L ICFRPARCTH o7z~ TRlE, @MY 77 v —13FE
Tlx o7z

SEOEBETIEHVE I EEELEFEOES KR —F 7 4+ ) AERIGEELZ 52T 5
TEeERMRDIEDAREIC R o7, KOV REWI VY IATORADRSHOFETH 5.
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Kat ORI I b 72 & TR

—RRFERB L7 4 =V P T =2 L DEEEMIC X 2 €T L DRGEE—

HUERY: RFER MHRT!

KatoFR—+ 7+ D AERICE T, KRGS TR LBl e LT, Rl
G TERE & 9 BHERICOWTHERMM B G2 o Tz, F 4 FRAHEEEO TICH
D, Lo THE I AEICKD 5 2 LB TE 2 LT 2EIEZ T 5, AIFFEITSE
BREEERIC I W THIE S N2l IT A D & v £ v X [ 25, RS ~D 2 % 35
52ZL%RT. E, HDUEFWIMEEEDS ) R L2 LMY TH L L, LD O D
EBFE LB TERE ICX 3 BFEEIK S 5G, WEI NS H v E v I [EEEICIE A
TAREGEND Z LRI NG.

1. MEOHERL HW

HAIRATOEBIEERMGEHC X 5 &, HARDSGE OIS IL 2023 4 3 HRICiE, 2,043 JKT]
THY, WRALRAIX 226 KT 11% % Ho T3, 2022 FEROERILEBTIX, HARDOZK
st EPEFRE X 2005 JKIT, % @ 10. 2%, KETIF39.8%, =—wx )7 Tl 198% & 7z
> T3, RHic BT IMRAREBMOEEICHSTH R WREEL, Rito ) 27 E, F
oK L DI CIREERBICE T A KEICX > CEREHRHALI 2D EZLNS.
TGICE T 2Kz 7 7 v F X v 20X X 5 MGmME, 2 OBEHRICH 2 AR CRiA L
IoeF5e, MNTHEEIND YV RZFEIFLY B IFE0ICEmW I R 7 EFZIE L 7
JiEe 5wy, &) Equity Premium »SXUEAET 5 2 & BMRR E Nz (Mehra and
Prescott,1985)). MO Riegera and Wang 234 —~_ 4 LT\ 2 X Hic. D XKL %FHL
IBLETALE L THABRET AR E LT E /2. Epstein and Zin (1991)1%, WRELEIFR &
VR 7 OFIFHRE— L WD T & ZIRGE L7 w—i LIARRIA (GEVU) Mg %T;eT LTWw3,
T8 7 7 4 F v AT 7 v —F & LT, Benartziand Thaler (1995) & 7' v 2= 7 + BE{HIC
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L KM EZ SRR L, Gul (1991) [dEmNERC X 5 3% L C\» 5. Hensand Wohrmann
(2006) (F A v ZAREHC X BEEBHZ RN L, Rietz (1988), Mehraand Prescott (1988) i X
Y Barro, (2005) (%, FiiC L 2o & 70 W ASHISRICHE % B2 1B E~ DB A%, Constantinides
and Duffie (1996) ¥ & U° Krebs (2000) 13 RGP R LTS LB OFIED, HRAKLE D O R
SHREIFIERTHE L LTS, X5, KEHTIIE AL WTHIF (Constantinides et
al, 2002)23 % 5 = &, A A D7z oiiEI i ICHIF A5 5 2 & (Bansal and Coleman,
1996; Holmstrom, 1998) 7z & 23F 2 H T & 7=,

o IHRATEG ARSI MICL o TZEDY A2 2 TFHIL 5 25T, WHRNME
L, ZNZd 0 THREEMEPGZ0NEVWE I BTdbEWRRETICHL Z LI
FHL, B0 EEIRATG~OSMOBREEZHHL 5> 2 EKTH 2 L T 50582
WA Tw3, DT uAEREIET A4 PIRATHEERE L FIEN 5, HEM (D720 THEE
BB EOEER) 52 6N TuRWIREEZ W, A PRAHEEEEZHES 22 H v
FWVIEGEEE WS EEOGESRTIE TR T 2kl 2 FBH L 5 57 v L LT Capital Asset
Pricing Model 22HI 5Tk Y, THOLKLEEDOInFE L L, {4 DFERD Y X 7%
FICHCFE IR EREL TY R 7 EIFOATHHI N2 HmET LOTHI & TR S
TEDBHILNTKS,

Epstein and Schneider (2007) (%, recursive multiple-priors & 7 /. ( Epstein and
Schneider (2003) 2 X % multi-prior model (Gilboa and Schmeidler (1989)) ®iLiEET
W) ZHCT 7 4 =AM FT—=2%0H L, ILLERPRVIOTHNEbDTHN, H
W E R S EBIICEHE S5 2 & 2%, KRV I T LA DER L 2o TW BRI TR
, BHE~DARSIME o TE L ZEEH L T4, Juand Miao (2012) 1%, #%&E
KRBT 7V EAVZVRE T Dl E D 720 T AMEEEREARINE T2 %
BRELTVS LT 25K ZH T30 20 FRENTHZ L L, VRZLHL
T, X5 ICKREEFEERXAIT 5 2 L 23 T& 5%k recursive multiple-priors utility %
PHEEETICEWTCHEHHT 27 %2R LT\, Haraand Honda (2020) (%, % ahn 3
HOFWIEEELY B MR T CTOY R 7 EIF2E B L L, FBR <& oER (Ofh)
BHZoNB00BIEND DB AHEZ 226K 2H 0 FE I ~DFFIC o 1T 5 Klibanoff,
Marinacci, and Mukerji (2005) € 74 (LT KMM) iZfit> T3 LRE L 72861, HAR
DOHEA TG OBER X PG I 02 Y KE WD DICARZ I LEZRL TV,

DAL i m L 0, AR, -1 HmN R W E WX EEEEE O < 5 BRI IC
L, EBREHCAEEIRCX-TET 3L 2HWE T3,

KMM EFAMIEHNE NI DORME D E VI 00 DELEE 2 08¢ % 2B50E 2 EA
LThWEnWIMEBEZIEF L CTEh, Lo TH1ERBIIERSIMHIEG 2 b kn
U, H2BBEIMERIHEMOL CoORASCELTRATE S, DE W 2 BTz T
TIERBERD ) ZZ7AMEAZNE L TWE I EEERT S 2 & EFEFHC, v X [l
BV RAIZEGEERHYLTHE T EZIRELTE, EZARY X7 EEER, HnFE X



FLEEEE 2 SN, TH 2 0 E I DWW T DORREFIL, Bossaerts et al. (2010), Lauriola and
Levin (2011), Cohen,Tallon and Vergnaud (2011) Cohen,Tallon and Vergnaud (2011)
BEBZBIRE LR, Z 2 CARIFETIE, #1010 X7 [EEEE & &\ E o X (LR 23 H
ZLTWE 0%, HBELTWw 2002 BI5T 5.

A=+ 7+ VAERICE T, VR 7 EEEIIMESORA, v FE v X R IR o R
Hakw b0l 3nd, MERE) 27 B3ECEHREBALS 2, —ED Y RV HFRE
BhHIEERL, MRAEETAERERICONWT, B 3EERED A =X L3E)»T»
pzlicizd. 2oL, AANKEROKRARAHEIMECERZFAT 5 —2DHERK L L
T, DLEVAERZAHAL T 200, 28D XS ICUBLTW30%, 2528 L T»
AA[REEZ T B 2 L 23T % B (Wakker (2004)) Gilboa and Schmeidler (1989) @ maxmin
ETNMICEWTIE, prior DEADF S HFICKRED prior ZfET 5729, EHHREFAL
TE o3, MWEERAREEESGD D D geographic AMEEIIERREICIIKME LA, a—
maxmin &7 UICEWTDH, FRRIC, HERAREHESICE VT, RED prior & RIED prior
DHLPHFMA L& W R H 5. AR ATREMEES D geographic 7 ICIKIG
ITHEEIETE7-01C1E, —D2DEROTCRAZWEOERELG 222 Lo
WCThHb., LIHD, HADHIZ L AT, BITHERICENT, —DOEBOFTHRE 2
HWEOEHRE G 2 T\ b EED %72, Baillon, Halevy and Li (2022) 7 &5z 2138 L2 7e
Vw, KR TIIE R s HOMRAREEAEZ G2, BEINIEHREDT 7 + 25, a-
maxmin &7 V¥ X e -contraction ETFAD EHL HIT LY, FHIAEE»Z TR S, Zhh
AMROHE _DHINTH 3.

AWMFED X 5725 HRVIX, H v E I EEEZHE S 280 2 KEL2HAET L ICdH
5. HBFE LI EREEZRET 2 720101E, RS RC LIEESHRINTH 5L, &
W E WA & AEEIC 7 B, TESREE &2 X 2 4B H 5. Holtand Laury (2002) ({3
XN % Multi Pricing List (AT MPL) #HWw28&1cE W TDH, Becker, DeGroot and
Marschak (1964) IC k24 —27 v a v HFRICX 2L LTh, WEESDVE A2 LH
BBY LTS, LI T 7 FEERL CugE, RN TR BV
W EER T 2 RER DL, DT ORHABED XS IHELN 2 DHICONT, (BHT
mFE T, PEEHE TS B A R, HEREIC L o T, RENICEBREL D VE Winfiz
WET LI LETVRbroTWEzY, EEFICKL2“F5 L (deception) "% & U % AlHE
TS, Z DFER, EBEZEETE 2080 % 50 THEEE L BERE R T O §EE o HEH
F—LlhoTLIEWw, HBuFLIEEAEL CFHIITE 2R fEMInh v 3

(Dominiak, and Duersch (2015)). AWt T, 7R, WERE ML & FhwFiEs
Telling Nothing (TN)325& & 4 £11F 2. M, EEMICEHRCE ZWEAr 12k
JA\>7-“Snake and Ladder” 7 — 2 Z W CTHER Z AT 2 2 L 22 2 EFHZ1TH. Thic
HOFIOEBICITEREZ R eR8TESL. oY%, “DICE FY —F X
VREREY, ZOo0EBRFRICIIVBEONZEE LI OEEOFEMEE KL, TN F



Vb AV P REBANATRABE LRV ETHRES .
AT O d BE AL, FHECHIE Sz d v o S [ A BI%E o 51
TEARFDR -+ 7+ )V HERZFHIAL 5 20080 2F R L THS. 20720, Ll
BT LTS 20 2 BN E R RIC, EEREEBRTOHF S [EEEOWE IS X T, &
FERIUC DV COF — =4 BFF5 C LIC L 5T, F— k74 U ABRIC, V227 [EEE L 5
WEWEEREEDS LD X ICHEL T 200 2HLICT S, TADLH T S Ak
AT kA ' T VIO L 22 BB ER R TV, BRA RET VICHIGL 72 < CicR s
LBEPUTH 2 S S 7z V) R 7 [IEHE S B\ F o S [EEEEE 23, BlFEOFR—+ 7 4 U 4
o L OREFX— T 3053,

2. HEmET L ER

KMM # J5E L 7= Hayashiand Miao (2011) “° Hara (2020) 72 &, B\ F WX OfEfEE L
[ERERE D B P RE 72 & 7 A S BIE ORI E ICEHRETH 25611, BHREzHECLH
WEVIZFELTIL BRI RERICENTY, KR ALRE2ED B it b, L
2> L Epstein  (2010) 2332 X 5 1c %2 d 2 D IEFROFETL H > F o X [ALEEEE O 4303
AARECTH 275 61X, MATHICE T 2 AMEEEZEBMITR L2 LTHHRERICE o
TFDOEHRIZERA TRV, BEOREXN R D DX, maxmin £EF7 L TH Y, Ghirardato.
Maccheroni, ¥ X U8 Marinacci (2204) 12X 3 =5V DIIED a-maxmin TF AL TH 3B,

UP,h)= (1—a) min E, [u oh]+ a max E,Juch] for h € H

ZZTh BELALICHNT BT 2 FOEAH 550727 FTHY, PcAa) FHFDE

DIRFED EDHERTHNZ IOV T OEBN RER0EATH L. E, 3, 7744
7 pEP KOWTOMFHEZR L, uoch:Q - R 1Z. MR we Q OFREN L, FIREE
T ORI h(w)[u(x)] CEBRT2EH6REBRTH S, a=113RdEEHP, a=013RdD
AHTHL L ITHEL T3,

%7 5 & 7 VI Gajdos, Hayashi, Tallon and Vergnaud (2008) i ¢ -contraction JNifiE 7
DD 5, BEREH L, 52 ONMHERAREEAZZ O [H0] b o TH 2 BEHE
N B LickoT, EBNAECOEAZIVET 5, HE I ITxd 28413, &R
ARG OTHNADOEAR D Z OIMUlO MEEICHHIT 2 THR OB P L7rb v a2 45
=i s(P) ~DIUffIc LY £IN5.

UP,h)= (1—¢€) Egpy [u oh]+ ¢ r;leipEp[uOh]

= e oy Folu o bl



e=1 O5f, BERER IG5 2 0N MHEREEES % £ o 72 Mg 3, ERETREESE
AR CREDTr — 22T 3. e =0I1CBWTIL, WICEBRES IIMRTRELES %
VaRAF—mH1EICKYIAL. Lo T, DT nIiii s, e BZKRZT0VIEY, B
WE WX R E . EERER AT 2 5 2T, W OMEmOBEAEICOWTHEL T
W],

3 Ehk
3—1. DVFLARFFHORM

COEBTEIXCOFOPIC, A 180 HD/NE R EB Ao Tnb &b s.,
BUIC) 22 0fiH%5.2 %, #HIZZ 0 Ro L 90 fi, HFDEH 0 A>T w3,

(EBRHFICX Y, HHEOHDOHICTIERE N 5).

HBIXZOHDOENKREEFED 200 THIKEINE DD, ZORHKBOH» LR\, FC
20D THEREINSE D, KROBMPFICELV/NIWDLFELWZ EZTRbroTn 5.
DX, 3 & (R &, #) THERIND, ZoHEIZbr 6 kv,

(pr» pg) 1& 2 (D, (pg, pg, py) 1 3 BUICOVWTO— RN ATERD G 2HRST, HBH
LD OHERTREMEAIIRD X Y Ich5 26N 5.

B = {(pr,p):Pr,Pp = 0,pr + pp =1}

C ={(pr,vp):Pr 2P = 0,pg +pp =1}
D = {(pr, 0B, Py): Pr, P, Py = 0,pr + pp + py = 1}

3—2. EFRFOBRIEREN2 G 2 2 E ORGEE
INAN= T DR EBRIHEKT 21CH 72D, EEREFIREWICFHICASZR—rotED
HREREST 20N D 2, BRE I LTS T G, ERESFICKENICZD
BEER LR 2720, HEZ TRV ORI X OIGERSEA S | £721F
[He2Rd LA 2EOFR—NOKER/NNRICHZ 27255 ] BEOEHNEZ&EHET S &
272 5. Dominiak and Duersch (2015) 1%, &%\ & [alkE % HIE 3 2 L2508, #RERE & 5=
BBEOT — Lo TE Y, HERE D [ HBEHE IMRBELZHKI L 2n722 50004 ~D
X ER/NRICT 2D TIEBVR] EFEZXDL, $hbb, ¥Yudrar—LtlbzlzBh
i, BOECARFFOHFICITHRINC OB 2R =1 0 T3 EbDOTHhRVWEEZ 3,
W, WERE D [EBRFTIIFENTHY, DRV ZHVEWEHICANL TS DT
Rop] EEZNE, ThEFa—FTar—va vy —LehbILEEHLTHS, b
T T NEEIL, BHNRC) T TlEd 55, mall<ld, EFEORFREkIC>»TH
BL, BB OBWHAFIHC L o THE R EFERT 2 DDFEET 5. —D I,
Carbone, Dong and Hey (2017) 1C X o> Ci{Thb N7z, FITHHREN T T, PERHEN L
WY T —LDPOHEICET B EEMNTWS, L >T, HEnEidY



A7 ZDBBEDIHIICLTLHLZBILICRD. b I —DDHHERERIT Oechssler and
Roomets (2015) I X % Y 77 Ellesberg & v 7 ZDIEKTH 5. FHHIIC, HERE ICHD
K= EeEDff T F v aBD X IR — Fa2Hn, F—A0B3HE3RICA--8%, 4
Kt o R —roe L, 2hllitxk, E@Bd o2 nwi—Lrotl 35, Ehk
ERIC 2 NOWERF 2B LN, HERGATICE 2o X d IcfkiHEI NG, F—A K& 7R
WA BENIFT O E CEAL T 5720, #EREICL > C, BB HVE W ZIFKRT 2
TEIEILTWwS,

ZOREICNLS % 72 %, F 4 1% Hayashi and Wada (2010) icfi€vy, HERFREMEOEA
e, e [Snakesand Ladders | 77— 24.%175 (M 1=M) Zhic X b whkkE
TEADEDRBERT 2 0% 5 2 2 N RlERI M 2R T 2 2 L pHEFE LAAREL
725, TUHADICE PV —F AV FTHDE. #ERE L, EOMERI AN 23R O wl etk 0 HiPH
MNICH 2Tl T 27-0IC 8 T T2 enTES. 2Tk L, BOEEM DS Fbik it
KD Fjik% TN (Telling Nothing) » U — b+ X v+ BN RDO 0175, WD Y —+
AV MCSINT 2 B (IR L 72\,

Fxix, V2705 GEH) BXU03EHob T WK B BCD) #HET 2. Ko
BICHEIT TR VR 72 & Z1TiE 2000 F23MG o 2 23, RUIDERH o b g ok
WHIDICHHEZR T 27 H#EEZ KD 5. f H 13, REHFERIND, (g, py) =
(0.5,0.5) 3% DR AZRT. 370 b ARHEZ 1000 [T & 7% 5 < U OMERVEF 2 Ko 2.
T SE VRS % 7= 3742 2 &1L, WEFEIC 100 a2 < L&, HARHEL 2000 [ 1E 7225 Lo
g 5% 0, 100 FZACTHEEICHE LN B/ HZ T E, 1100 HZ2&E 5 LT T
HEILTw3, 1000 HEEFEICHEONL e HICHEI e 2Lz 2ic, #iH
T2 b DlE, VRZdare AL, 1100 HZfEEICHE LN 2E R L Y 4 H g
LILHERDDIE, VAIBEWCTHLLARTILNTE S,

Dice Treatment : Red + Blue =180

BOXB
[ +ld = 17,17 is odd,then
17 x@ = 119
O,180),.....osc (130,0)
- 119) ....................
2 4, then 119is blue
BOXB
[+ kel = 17, 17 is odd,then A ql:u'iw"m
17 %7 = 119 Inthe Etqu" IF 1] |: 52,8840 ] = &l the procedures e
Inthe Step4, if £,  ( 52,5540 ) parformed for sach
(D'lfo) .................................. ( }ﬁ,{ﬁﬂ) Inthe Stepd, If (=, [ 52,88,40 ) . E-:lt-lf_ecre'_- T
ant 1(19) .................... Inthe Stepd, if [z, [ 52,5540 ) s _.a.w:.
<’ ) Inthe Step4, If 1, [ 528840 ) each bow bedore
[ = 3, then 119is red Inthe Stepd, if £, [ 57,8840 ) decision making.

1 #B ofEV FoH (f£), D OELVHOHMA ()



KIS, HWE W BCD OERZEM %KD 37201, ) 27D APHEINS. AL
AT 05205 55 TIREND A05~AL5 D 11 fEETH 5. HATIL, MUDFvE (B
R 50) BA->T0EH%ERLTw5, fFil 2135 A05 (X 5% 257 TH Y, i A55 1x 55%
BIRTH 5.

HHFWAFB, C, DOMFEMNEEMZ, ROFMEEH TR 5. #EREFICIE, FHBL
A05~A55, #iC & A05~A55, D EHA0S~ASL5 & ZNFNAALF Y REREZ LT
O\, MEEMEEME 72 1382 25612 (LT 2FEICHE DN T, HnF » I L ZHE T 5.
TN FU =XV FiZEWTIE, #BCD WIFNEERT Z2EICH M H{Ez k2%, DICE
FU—F AV MICBWTE, #BHIVHECICBLTIIEROH L 2 uzfIHLT, ¥
C1loofxdy (K1, fBickwTix, (61,119),) RiczomandEBE (B Tk
i, EBOLHLLEROLFETI220E2HD5.) D CREMFONHEDI BED 12D
HMEREL, Z0HEDL I —2DF 4 anilL>TEDHFERROFR—LOEERD 5508
bbb,

fi X={B, C, D} DOJRICH 3 3 M 1J OfEFREA (Probability Equivalent, IAF PE) %
pe(X) /"9, a-maxmin €7 L pe(B) =pe(C) =pe(D) #FHIL, H\FE\inhEfED
MR ATRETEEE & D AT EF I E I N AW L 2 EK T 3, ¢ -construction &7 L1,
pe(C) 28 pe(B) @ 1/2 TH Y, pe(D) 2% pe(B) @ 2/3 TH 2L TFHIL, H\F\[afkk
JEDHER DT ERIFEICHUR TH 5 2 L 2 EK T .

BB I T B ORI N 1 DO IC N T 23l E &, 3HEEDY —~ A4 icn+
2 ELEE 500 MpxXihbis. Reth 2R—R BT —_f I VWTDOR, EFE
FEROF —_ABETNTE Y, FrERiix, ERICEEER% 32 78510\ 2 8aE <k
BRART30 REZETLZIDEA>TWE0, =4I L TAFHT 1000 F % A
5> TWn3, HVEWIEEEEZHTET 2700 Ao TIE, MRS 77 BEZ L <
b WA T 2000 F1CTH 5. xFEEULEFRE 2L E 0 FEE 2> O HIWT L C 224 Zn HiEx
FELLTws, DICE PV —F AV FTlE, EBRPIC, S4anic XVHoNREEKT S
vialb—vavZPCET2MH{TV, HBVFEFVRFAOEMRICOVCTHELTH DL I,

FTRCOBRIEL LY — [ D%, WO R & 74 2 EREEEFRS RE L, 2 0iE
REREIC BN, DT A& TR TCw 2581, duEuiafiotlks PC LTfr
5. FOfERIE, 27V —v EoEflicii#ing 2

2 covusrsno phython TOERIISNEL 72.



[sTEP 1]

BOXB
BOX( BIMEC - JO%RES
20EE T 0% RS
[sTEP 1)
62 » [STEP 2]
B L [STEP 3]
14
EEDT J0%RS
[STEP 2]
d: 14 [STEP 4]
(step2l 6T IO%ERD (7,5)
e b
(I
[sTEP 4] .
e ® ©
=84

K 2: #HBRESTS PC Loy fauick3dyIar—yay (BOX B)

4. HER

4 — 1. VRZELEEEIZH T X [EREEEE 2> 5 AT 2212 D W T DIREE

2022 £ 1 A 23 HIT 34 AEWRICHFTFKRY, 2022 4 4 A1 3 NENRICLIERFICT
EARN T — 2o T 7L EREETo72 8 IHIC, %&b 2 X )ic, lRlathzx~<—
AW HEWT, 84 AEWNRICEREZITS TR TE 2, EEFHERIE, 2018FErb0T7—2D
2b, EAMNARIEEZRYVRE, S5 R7FNE (16 N) OT — X ZHY B\ 7z 242
ADLDTH 5.

AWge e, 2018 b DEBRD T — & ‘R GRS S FEIAMN AL IE, VAL B
WE WX [ELEO B OFHBIRIR X2 EICHEEZ 2, VA7 IO X H WV FE v X [EED

SUBEOEBRTARLTVEF Y 7AEMPTHINTH 57208, VIEA¥TEIALGF Y TAREZ LB TE D
o7 EEEREKECOERIT, AR ET EEBICO VT DM TR X IO LT DR OFH % 0B 232
Y, KTFEONTIARBANICERH 2RET 2 C L BMb kb o7,

4 DICE EBRic 5\ T, 22O TR PCTOH A4 I uERATE R o270, —ADL D D% EEE O HOMclhF
BFALanzRY AL T35,



BEICOWTIREAERALRNWZ 2325, DICE F Y —F X v F T3, 0.098 TH 3.
TN T3, 0.279 TH v, DICE X b dMHBEIAE %2> Tw5. DICE F Y —F X v F Tl

V27D EFELHOHEPFAHINE Z L ZHEL CWb 20 ThbeEzLLNS, M
FmAICIE, U R 7 [BLEERE & B F o X [BEEREIC IR 23 772, DICE F U —F XV FT
X X 0 EERARE T R IGE VRSB O Tw 3,

PE_B TN
PE _Box B _DICE =

. .

. . . . ®

L] L] . L] . L] . ]
L] L] L] . L] . L
v e & @ . 0
. . [ ] o _8  » L

™ . ™ LI . L]
. L] . . L
. L

M 3: 0 27[EEE B X EREE (BB OEREM) O8N (525 TN, 48 DICE)

TN b U —F A v+ oSG, U R 2 [k e R S Mo i EoMBEMFREH 2 2 & %
e LT\ % Bossaerts et al. (2010) ¥ X Of Lauriola and Levin (2011) DR & —3 L T
W%, —4TDICE FU—1F AV OERIT) R 7 [EGEEE B\ F > & [ELEEO I HHBIBE R
M7\ Z & & FH L7z Cohen,Tallonand Vergnaud (2011) & —#LCw3%. TN F U —}
AV P, HONFICOWT, —kRamickEo < (BIZIFH—DFf anet T4y -
LM—L vy MCXoTRE D) LEXTREMELD 5.

4 — 2. HuE e [EBEHER O RETRE

a- maxmin €7 LD [Tk pe(D) = pe(B) %, ¢ - contraction €7 LD FTlE, pe(D)
= 2/3*pe(B) %IFMGEUICHET 2. IO DRMGEAEIN S i & 23, AR
TR O BT A R ICIG L T b 2 8 2R

WG 5T — 2D t MEDERERLICE LHT V3.



Ho a-maxmin ALL TN DICE

Sample size 257 118 139
pe(B) = pe (D) t-value 10.268 5.8645 8.6806
p-value (0.0000)****  0.0000)****  (0.0000)***
pe(C) =1/2 pe (B) t-value 18.917 12.447 17.122
p-value (0.0000)****  (0.0000)****  (0.0000)****
Ho :e-contraction ALL TN DICE
pe(D) =2/ 3 pe(B) t-value 21910 2.4388 1.2679
p-value (0.01512)**  (0.02954)** (0.2061)
pe(C)=1/2 pe(B) t-value 18.917 12.447 17.122
p-value (0.0000)****  (0.0000)****  (0.0000)****

£ 1 RERSRE ORE
(E) **5%7KH#E, *xxx 0 1% KETCHERETH LI L E2RT

%21 : e - contraction DRI, pe(D) = 2/3*pe(B) I DICE bV —F+ AV }T
FEMI NV, TN PV =P XV FCEINING. ThbBEMEZA X ZHCTEE
TEARVWHABHTEBNATECIV DT VLI 252 25E1C1E, B I2THHR o %
W REEICEIG L TWE T e b h B,

%52 1 pe(B) =pe(D) {iFild TN, DICEOWFhD Y —F A v FCHEH I TE
D, ThbbEEIC pe(B)>pe(D) TH3Z LR TES. X413, xhziEB OfEE
PSR, y#hE D OMERMEEM L L 28X <d 2. Kficid, Yk % 0 L 0E L 2856
DR A T Y, 2o %X DICE iIc5\\»T 0.645, TN icHW\»C, 0.692 &
o TEY, WMEMBRLEANTDH S,

s . w " " : 6924
. * . o °» 3~ RI=07772
H= v g
. C : .:: : :
5 ;
DICE btV —F X} OffR TN F U —F X v b OfER

M 4: % B & 5D OREREA D BA .
(GE) xBhd3% B OFEREM, yihdFED OMEREM



#%2 3 : a-maximin ¢ -contraction EF A DWTNDH pe(C) =1/2*pe(B) % Filld %72
D, TNEIFERTFE T2, ZORFICOWTONIEDH 2 FHEEICONWTD t E T,
DICE, TN FU—=F AV FDOWwThd p=0.000 THYFEHINS.

COFERPHIL, —REDAD [H o &b 5 LWERIER ] o%#E 2872 L CwsalEelt%
R 2 23 TE R e Bbr s, fime LT, dE I oblofE X, fMEEnaE
HOEARKTIZEALHECHELTWE2, Zh ool oBG IR E T O THl X
D OEHETH D LV RENRERAIEO N TS,

y=0.8478x

. e F._ l"\‘t‘:: X - z R¥=0.9129
L] . & 8 9 ¢ =
¢ ees P
¢ i " ,'/‘ e * * 0 0 y"'o/ .0
b L ~ o0 80 0 00
. NEP A EREREE ...o,a’/o-o
l/_ L I . . .,./I. . @ »
0/’./ L] . o,// [ I I
. © ¥ s
/// 4
./ L] L J
DICE F VU — X b OfR TNFD =AY OfER

X5 : 4B &% C OMEREMOEARX.
GE) xEhFB, yEhH C OMERZEm

4 = 3. B E X AN ICHERE OBRIFATREN: 2 5 2 % 8 ORGLE

DICE FY—1F AV IFE TN FU—FAYV FOHVEWIEEO A% LIRT 5 &
R &AM D FHfiE X, FIBICHWTIE 5% HEAKHET DICE FY—FAV FDIEI2TN
FY—FAYPIDBERCE, TV 7H L TALOMBEEEL2ITRL TS, GHEH
HECECIEBHAEOTFELOFLONLMRICE T, ERELZFEEL AL WIS
ATABA2 T2 eEZOLNS, 7L, #HCHBLUM DLW TIEZDEIIHET
720,

- 100 —



Wilcoxson Rank  Sum Test Box H (R=B) Box B(R.B) DBox C(R<=B) Box D(R.B.Y)

DICE mea 0.374 (.3931 (.3385 (.2300
TN 1eall 0.389 0.3619 0.3314 0.2779
W 6643 5313 7815 7380.5

p-value 0.2657 0.03905 ** 0.2598 0.7565

£2:95VI% L TRAMOER
GE) *X 5% KECEETHLZ LETT

5. REFOBER—F 7+ )V AICHVE W IEE RS 2 2 2D MEE

Kt R ERE L v, RAFHBCSML A L oBEEBEE L TH W » X [
Z\F b B, Bossaerts et al.(2010) I3 TN A= 27 0%F5 Ky 7 ZONRICE T % 2 DDHER
Bhhb Vil (b whilh) &, 12500V R7iErllrtbe X4 3EMIC k-
THEEL, &\ E WX EEEAEOWHEBRE IR G IcSM L evw o %, EEREICET 5
TS ERCHERL T 5,

HouFuImiltrEp e 32, KATH~0FRSM, R ~DEH DK S, F—247
A, BRHRFIE. F— 1 7+ VA D5EARICD W THREEL 7531, Dimmock,
Kouwenberg, Mitchell and Peijnenburg (2016) 2% 2. KEDRFER R HHFHEZ A2
EBTHY . BUIICI AN AN = DOFICH DN TH R X LHEF I NG L <, Bk
XA ERAEL, Himo Tl AL 2R 2/ Cwd, I4abb, B X EE IR
L~z hRic k) 2 EMEEOES . X UNERROFTE & 2B OB S % 25,
HAARATE & IZIEOMERH 2 2 &, BX UMK ZATE L T 3 REHTH T, BRI
WER—bF 73V FDHEARICOBRDB o TNBE T ERZFRRL TV,

HFE WS EGEEOHIE #FEEE T DICE FY —F XV MITTITY, EROfHICOWT
MEES 5. MR & T 2HRARM AR — 2 TIEAMKRBEE IS L CHiBIEHIER 5 5 729, 1%
ITEEOHENHHKEVE LT3, Lz>T, BN EZRE LT 52, %
AR A L Cw b2, CWH HEMZL TV,

5. FEE
5—1. =~ A4 EBEDOHK

KD RADHIIZ, REIC K > CRHIII N Y X7 L S XU B\ o X [lEEEE
25, FEBREOR—T 74 )V AERICHGRIC L > CPHIND L) RHERE D2 LT 25
BrxETRDLIH .

A (2017) 1B WTiT Ahn et al. (2014) $ X Of Bossaerts, Ghirardato, Guarnaschelli,
and Zame (2010) DOF5ik%z—HBHEEE L, &\ E o S R O HIE % FEERE ©fT - 721212,
PRECIEDINAN=TNT VY 7 2D E D 272 2O BH T WiRilts (£
TEHIMAESND, WbW YD L R RELPNRIILE o TW5), VR IEHEE
KOMYRIGEHZEZTHR— 7+ VA EREZLTD b o7, £ TlEH o X [k
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EPHREICHAFE OARIEHRORARMHAT 2 0B %8BI L7122, b ukilBkoffa
AL S 2b 00, &E) TV —T A POROALTH - 7=,

HWEVRAEETIE, WHREICIEROEREREE 2D ENTERVED, DT
BAEFEDOREHELP L HVE I MEZHE T 27-01C1%, L DREXZHEL T 5. %
D 7-®, implied ambiguity aversion Z R — bt 7+ U AFRPHLH|R2 2 L IZNEETH 2.
DEoME» S, HENLT 7u—FL LT, BER—F 7+ )V AOMHKEZY—<AL, %
DIEEAEFRIC L o TIRONZZDVE LI EEEIC K > THATE 2000 2# 52 L
DIRODETE LV, DA EOREEZ CICE-2BERTH 5.

5—2. Rett 2=—2icH1F 2R

RN NRIC L 2RO W T, BREOREELNRE T 2R ICKIET 2 2 L3S
Wb oo, REIZ, #HLEOZITIDIC, DT ORFHEEERT 2LERH L L, 72
DICE % ciidlEoXih v ofloffbiEo a2 v b v — Lo R X, FHNEICH T 2 H]
e, Y—_ A oRFEEN R EORENRE 2 2 eI N, 72, —ROWERE %
FEEREICHED 31013, EHIZDBAADI &, BABHABKE L Lo, WEE It
L0y Emuitler XL o BEREL L EEZONS S FRIC, 74—V FhroH
— AL T N EZED B &, 2D X5 RIEMN ARG D 0, EAEBH MKW
WEREBEFE o T B L) Z itz b, ARG ITHERNIC, SRIEEICRBLES 2 A
KkoThandzers, BEBHAMENEANDOM cORKREBHRD CTH 7R R 5H]
REtED® 5. LiloHEE» D, 2012 F X b fAEGH T 2 150 T 2 RSt A~ — 2
BT, ERr T2 KL, SRR ZEL LB TEL . b OREN %
g~ <, 2O THANTE 2 N2 E - TiT - 72, BIEFRIA O 2 B 2 FIH L 72 528k
L ZDOBHUBOLINTH 572720, RL—XIZITH T EDHEETH - 7-.

FEEZ 5 H 18 HiclHEAMIcB T, 5 H 31 HiciZ KAt ICB W TiTo 72, wTh
b, EMHO® L 2 Afi&thicim g, BIRADL D4 E TN EFT o 72, #ERE L, B
HAAED S 45 N, KEiAAtED S 42 A, G5H47 4 CHh 5. A SR~ — R i3 HiBhaH
FER o 1B R b HHIER D 5. 72, 2022 £ 5, {EEB~0HKRIC X 2 HWiH
ELRRENTE Y, B, HOPHD 2 0EOKE ORIV BEIEELTVEC
EbroTwd, HXH o oY 2HRET 258D wiuE, —fE kel zBe %

S R=ReBDEHVECIEEEOERICE VT, FEENRE LTERLED, —BROMGESY
ZOHENERORIKESEHZ 5 Z L ARKOENL 220, BHEOELTHL I Lh b, MEATE 2HML
BEXIND Z L ICHRENAEREC 2720, BT ELAVWILHPEETH L. SEOEBETIE, bnE
CEEBERRET S T, #HLESRAL L, ROGEIMEPHONITHEL H 270, HoFna
(BB D KR Ic T 2 L2 R LicF 2 2 Lic L.

6 LEDEERIFEERRIFICITS C L BTTRETH D, % OHESBIZEINE 2w TR T,
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FHECY AEIEEIC L, F 7, FRMHiAS EARFICTEAI L T EAY D AR 5B II S BIFEET 5 C
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Year ERA v F— M3* F o8 v o — /M3
'2009 0.62 1.381.25 0.000
'2010 1.21 232761 0.001
'2011 7.87 3.100.40 0.003
'2012 381.61 3.719.00 0.103
'2013 2.091.01 3.888.00 0.538
'2014 3.634.40 4.377.00 0.830
'2015 4,645.89 4,736.00 0.981
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First Stage Regression After Controlling Covariates

1 5 0 5 1
Network Coverage Dummy after Controlling Covariates

The estimated slope is 0.74 and SE is .03. The size of bin is 0.001.

Mobile Money Use Dummy after Controlling Covariates
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Abstract

According to estimates by the World Bank, only 63% of adults in developing countries
have a bank account due to reasons such as the distance to financial institutions. Lack-
ing a formal bank account makes it difficult for households to save safely and prepare
for potential future negative shocks. However, recent technological developments have
started to change the financial access of non-bank users due to the development of
mobile money technology. This study examines the effect of the use of mobile money
on saving and borrowing using information on mobile phone network coverage and
2SLS estimation strategy Zimbabwe. I find that the use of mobile money increases the
probability of saving and borrowing by 14 percent and 12 percentage points. I also
find that the use of mobile money increase the probability of receiving remittance by
45 percentage point. On the other hand, the effect of negative shock on borrowing and
receiving remittance does not depend on the use of mobile money. This implies the
use of mobile money increases the opportunity of saving, the probability of receiving
remittance, borrowing money regardless of the negative shocks. Finally, we also found
that the use of mobile money increase in saving in mobile money account but it does
not increase saving in a bank account. In short, the availability of the mobile network
makes households more accessible to mobile money and make them more financially
active and increase saving, borrowing and receiving remittance. In our data, the mo-
bile money is not used to buffer negative shocks, contrary to the claims of the previous
studies such as Jack and Suri (2014) and Riley (2018).
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1 Introduction

According to estimates by the World Bank, 94% of adults in developed countries have
a bank account, while only 63% of adults in developing countries have a bank account
due to reasons such as the distance to financial institutions. Lacking a formal bank
account makes it difficult for households to save safely and prepare for potential future
negative shocks. However, recent technological developments have started to change
the financial access of non-bank users due to the development of mobile money tech-
nology. Mobile money allows the holder of a SIM card of a mobile phone to transfer
money to another holder with a different SIM card.! In addition, mobile money op-
erators often offer a savings account in which customers can save with a reasonable
interest rate by depositing money with the nearest mobile money agent.?

According to a financial inclusion survey by the World Bank (World Bank, 2019),
only 55, 19, and 17 percent of adults have a bank account in Kenya, Tanzania, and
Zimbabwe, respectively, whereas 58, 32, and 32 percent of adults already have mobile
money accounts.

The mobile money has proliferated at an accelerated pace. In Zimbabwe, mobile
money was officially introduced in 2011, and, by 2015, the amount of money transferred
through mobile money was almost the same as the amount of money circulating in the
traditional banking system. In Tanzania, mobile money was officially introduced in
2008. In 2009, the user rate of mobile money was just 1.1 percent; however, this rose
to 32 percent in 2013 and 55.8 percent in 2017.

Given this high speed market penetration, a natural question is to what degree
mobile money affects the saving and borrowing of households. In developing countries,
the lack of access to a safe method of saving can lead to insufficient saving. Insufficient

saving and insufficient credit access in the face of negative shocks make it difficult for

LA mobile money account is attached to a mobile phone SIM card, not the mobile phone itself. In
developing countries, each individual often owns a SIM card, but shares a mobile phone with others,
especially in rural areas. Hence, even in such cases, it is possible for each individual to hold his or her
own mobile money account as long as he or she owns a SIM card.

2The cost of the equipment needed to become a mobile money agent is much lower than the cost of
setting up a bank branch or ATM. One needs only a personal computer and mobile network access to
become a mobile money agent. In sub-Saharan countries, owners of small grocery shops often become
mobile money agents. This implies that mobile money agents are more available than bank branches
and ATMs.
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a household to buffer negative shocks. Hence, the availability of safe saving methods
through mobile money might make it easier to smooth consumption.

Theoretically, there are several channels through which the use of mobile money
affects saving. First, when a household lacks access to a formal financial institution,
mobile money can allow households to save in a safe and liquid way, thereby preparing
them for negative shocks(new source channel). Second, on the contrary, if a household
already has access to saving methods from a formal financial institution, the use of
mobile money allows it to switch the source of those saving methods to a mobile money
operator (substitution channel). This, however, would not affect the probability and
the amount of saving. Third, having a mobile money account makes it easy for a
household to saving from relatives or friends in the face of negative shocks because of
the low transfer fee, which decrease the need of saving(connection channel). Fourth,
the presence of low-cost money transfers might increase the possibility of households
forming mutual insurance groups (Jack and Suri, 2014) (insurance channel). This
insurance effect is likely to increase the amount of saving as a group. Fifth, a mobile
money user can receive more remittances because of the low cost of transferring money
for altruistic reasons (Agarwal and Horowitz, 2002; Vanwey, 2004). Hence, when a
household can receive more remittances, the need for saving for precautionary reason
falls (remittance precautionary effect). On the other hand, receiving more remittance
can increase household disposable income, which in turn can increase the amount of
saving.

Regarding borrowing behavior, similar arguments hold. The new source effect will
increase borrowing. The substitution effect will not change the total amount of bor-
rowing but the composition of different saving methods will. The insurance effect will
decrease borrowing. The income effect is likely to decrease borrowing. Thus, from
these theoretical points, it is not clear whether the use of mobile money will increase
or decrease saving and borrowing.

Therefore, in this study, first I examine the causal effect of the use of mobile money
on saving by using Finscope Survey 2014 in Zimbabwe. For estimating the causal
effect of mobile money, several considerations are needed. First, using mobile money
is a choice variable. It is possible that a household that is financially distressed might

set up a mobile money account. This would introduce endogeneity bias. Second, an
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important variable, which is not in the list of control variables, that might affect the
schooling decision might be correlated with mobile money usage. This would lead to
omitted variable bias.

To treat those problems, in this study, I apply the 2SLS estimation and use infor-
mation on the G2 mobile phone network coverage as an instrumental variable while
including the observed demographic characteristics and enumeration area dummies as
control variables. In other words, I use the cross-sectional variation of the mobile phone
network coverage near the border of the network in each enumeration area as the key
exogenous variation. In the two-staged stratified sampling, each enumeration area is
constructed to ensure that households within each enumeration area is homogenous. In
Zimbabwe, each enumeration area is constructed to ensure that it includes 150 house-
holds in the national sampling frame based on the census, and those households are
expected to be very similar in terms of household demographic characteristics. This
implies that after I control the enumeration area, restrict the sample to households
who live near the border of the network area, and control observed demographic char-
acteristics, the unobserved household characteristics is not likely to be correlated with
the network dummy and the outcome variable.

In addition, to examine the robustness of my estimates, I conduct several robustness
checks. First, in another specification, I restrict the sample to the households who
live close to the border of the network area (within 10km, 8km, or 6km from the
border), and run 2SLS with control variables including enumeration area dummies and
household characteristics. The idea to use those who live close the border of the mobile
network is that the household who live in those area are relatively more similar and
the bias due to unobserved characteristics seem less likely.

Second, I conduct the coefficient stability test which is proposed by Altonji, Elder
and Taber (2005) and later refined by Oster (2019). The potential criticism to the
identification strategy of my 2SLS estimation is that there might be some unobserved
differences between those who live in the network covered area and those who live in
the uncovered area and those unobserved differences affect the outcome variable even
if I restrict the sample households to those who live within 6km from the border of the

network. The coefficient stability test proposed by Altonji, Elder and Taber (2005) and
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Oster (2019) address this issue directly.> The coefficient stability test shows that even
if unobservable variables as strongly affect as all observed variables, the estimated
confidence interval of the effect of the use mobile money does not include the zero
treatment effect.

Although my robustness checks show the estimated coefficients are robust, one
might still argue that there is unobserved difference of the household characteristics of
those who live under the mobile network coverage and those without mobile network
coverage even though they live within 6km from the border and that those differences
might affect the outcome. In addition, one might argue that although the use of
mobile money might ease the financial difficulty in sending children to school, the
use of mobile money might not improve the education outcome since the effect on
educational outcome is not strong enough.

The identification strategy in this study raises the question whether the instrumen-
tal variable, the network coverage dummy, causes substantial variation in the use of
mobile money after I include the enumeration area dummies and observed characteris-
tics as control variables. However, even after including enumeration area dummies and
observed demographic characteristics, the instrumental variable, the G2 mobile phone
network coverage dummy, has a very strong predictive power for explaining the mobile
money usage (Kleibergen-Paap rank Wald statistics, which is the robust F-value in
this case, > 600); it shows that the instrumental variables pass the standard test of
the weak instrumental variable.

This study contributes to the existing literature in three ways. First, I estimate
the causal effect of the use of mobile money on saving and borrowing. Although many
studies examine the effect of the use of mobile money on receiving remittance, the
effect on saving and borrowing is quite limited. Second, I use the network coverage
map as the source of exogenous variation. My identification assumption is that once I
control the enumeration fixed effect, the variation of the coverage of the mobile network

is exogenous. Using this information, I construct the network coverage dummy and

3The coefficient stability test proposed by Altonji, Elder and Taber (2005) and Oster (2019) become
very influential in empirical research. For example, Oster (2019), which was published in 2019, has
more than 1000 citations in January 2020 in google scholar. Their technique is now widely used in
papers published major economic journals (Mian and Sufi, 2014; Michalopoulos and Papaioannou,
2016).
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use it as an instrumental variable while controlling enumeration areas and restricting
the sample to the households who live close to the border of the network area. The
households that live very close to the border of the network area in the same enumer-
ation area will be very similar, irrespective of whether they live inside or outside the
network area. This instrumental variable turns out to be a very powerful instrumen-
tal variable, and the estimated coefficients are quite stable with various specifications.
This instrumental variable can be used for conducting different research in future.

Third, I use detailed information of the data on remittance, borrowing, and saving.
This information allows me to examine whether mobile money only increases remittance
or it also increases borrowing and saving.

Regarding the main results, using the coverage by mobile phone network as the
instrumental variable while controlling enumeration areas and other covariates, I find
that a household whose location is covered by the network has a 74 percentage points
higher probability of using mobile money than a household whose location is not cov-
ered by the network. The 2SLS estimates consistently show that using mobile money
increases the probability of receiving remittances, borrowing money, and saving by 45,
12, and 14 percentage points, respectively.

The remainder of this paper is organized as follows. In section 2, I discuss the histor-
ical development of mobile money and the educational system in Zimbabwe. In section
3.1, T explain my data set. In section 3.2, I discuss the empirical strategy. In sections
4.1, T present summary statistics and the results of the ordinary least squares (OLS)
and 2SLS estimations. In Subsection 4.2, I explore a possible mechanism. Section 5

provides a discussion and conclusions.

2 Literature Review

Our study is related to several strands of the literature. Given the rapid increase in
mobile money usage, researchers have started to examine its effect on the economy
(Aker et al., 2016; Muralidharan et al., 2016; Asongu and Asongu, 2018; Asongu, 2018;
Okello Candiya Bongomin et al., 2018; Okello Candiya Bongomin and Munene, 2021;
Blumenstock et al., 2015; Dupas and Robinson, 2013a; Jack and Suri, 2014; Munyegera
and Matsumoto, 2016; Blumenstock et al., 2016; Riley, 2018; Gosavi, 2018; Suri and
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Jack, 2016; Abiona and Koppensteiner, 2020; Riley, 2020).Aker et al. (2016) and Mu-
ralidharan et al. (2016) analyze the role of the secure payment method in Niger and
India, respectively. Asongu and Asongu (2018) examine the effect of mobile money
usage on economic development. Asongu (2018) analyze the determinants of mobile
money penetration in African countries. Okello Candiya Bongomin et al. (2018) and
Okello Candiya Bongomin and Munene (2021) examine the role of the social context
for the adoption of mobile money. Blumenstock et al. (2015) conduct a randomized
experiment to test the effectiveness of using mobile money to pay salaries. Dupas and
Robinson (2013a) analyze the role of mobile money as a secure way to deposit daily
cash in microenterprises in Kenya. Jack and Suri (2014) theoretically show that the de-
velopment of mobile money decreases the transaction cost of risk sharing and increases
the means to absorb a negative income shock on a household through an increase
in remittances. Additionally, the authors empirically demonstrate that, in Kenya, a
household that uses mobile money does not decrease consumption when faced with a
negative income shock. Munyegera and Matsumoto (2016) show that, in Uganda, a
mobile money user receives remittances more frequently and has higher real per capita
consumption than a non-user. Blumenstock et al. (2016) and Riley (2018) analyze
whether mobile money is useful to smooth consumption for households that experience
negative shocks. Gosavi (2018) studies the effect of the usage of mobile money for
firms’ financing. Suri and Jack (2016) analyze the long-run effect of the use of mobile
money and find that 2 percent of Kenyan households have moved out of poverty since
its availability in the country because of increases in saving and financial resilience.
Abiona and Koppensteiner (2020) analyzes the effect of the use of mobile money on
education expenditure in Tanzania. Riley (2020) finds, using field experiments, that
disbursing loans through a mobile money account to female business borrowers has a
more significant effect on profit than disbursing loans in cash. Naito et al. (2021) exam-
ine the effect of the use of mobile money on saving, borrowing and receiving remittance
in Tanzania when a household experience a negative shocks. They found that the use
of mobile money increase the probability of saving and receiving remittance. They also
found that the effect of negative shock on receiving remittance does not depends on
the use of mobile money.

To the best of our knowledge, however, no study focuses solely on the effect of
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mobile money on household saving, saving methods, and borrowing except my own
paper with co-authors.

Second, several studies examine the effect of having a bank account on financial
behavior. Burgess and Pande (2005) find that the state-led bank expansion in rural
India has reduced poverty. Bruhn and Love (2009) analyze the expansion of a Mexican
bank that offered both saving and credit products. They estimate that the new bank
opening led to 7 percent higher income for both men and women. Dupas and Robinson
(2013b) show that providing a safe place to save increases health-related saving by 60
percent in Kenya. Agarwal et al. (2017) analyze the effect of a large financial inclusion
program in India and find that the region exposed to the program now lends more to
borrowers. Dupas et al. (2018) analyze the effect of having a bank account on saving
using field randomization in three countries, Uganda, Malawi, and Chile. They find no
discernible intention-to-treat effects on savings, but a large treatment-on-the-treated

effect due to the low take-up rate.

3 Imstitutional Background in Zimbabwe

In 2000s, the economy of Zimbabwe experienced some ups and downs. In November
2008, the monthly inflation rate peaked and it reached 500 billion percent (Hanke
and Kwok, 2009). To address this ultra-hyperinflation, the government of Zimbabwe
abandoned its own currency in 2009. Consequently, the inflation rate became normal
and the economy started to grow by more than 10 percent from 2009. The annual
growth rate from 2009 to 2012 was more than 12 percent. However, due to the lack of
foreign currency, the economy went into recession from 2013 and the economic growth
rate became 2.0 percent in 2013. In 2016, the government of Zimbabwe issued an order
on the daily limit of cash withdrawals from formal financial institutions. However, in
2014 and 2015, years in which the survey of Finscope data and Demographics Health
Survey 2015 were conducted, there was no official limit on cash withdrawal, although
the economy was in the recession.

In Zimbabwe, for most of the population, how to transfer money safely and cheaply
is a very important issue. In our sample, in the last 12 months, 36 percent of the

households sent remittance to someone in Zimbabwe, and 1.5 percent of households
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Table 1: Economic Condition of Zimbabwe after Hyperinflation

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
GDP Growth Rate (%) -3.7 -17.7 12 126 154 148 55 21 1.7 0.6
Inflation Rate (%) 244110 89S na. 3.0 33 39 16 -02 -24 -16

Lending Interest Rate (%) 579 1175 na. na na 11.6 97 85 7.1 95
Source: IMF fanancial statistics with the exception of the 2008-inflation rate.

Notes: The 2008-inflation rate is taken from the study by Hanke and Kwok (2015). They
estimated that the inflation of Zimbabwe in 2008 is 89 sextillion percent; n.a. shows that the data
is not available because of the chaotic situation of the country. All numbers are annual rates.

sent remittance to foreign countries. For receiving remittance, in the last 12 months,
46 percent of the households received remittance from someone in Zimbabwe, and 13
percent of the households received remittance from someone from other countries.

There are three major mobile network operators (MNOs) in Zimbabwe : Tele-
cel, NetOne, and Econet. In September 2011, Econet, the largest mobile operator in
Zimbabwe, introduced a mobile money service called Ecocash.® Econet Wireless has
registered significant success signing up users to its EcoCash mobile money service,
with 1.7 million subscribers just a year after launch. As of 2015, the market share
of the total transaction value of mobile money of the three MNOs, Telecel, Netone,
and Econet, are, 3.1 percent, 0.01 percent, and 96.9 percent, respectively (Postal and
Telecommunications Regulatory Authority of Zimbabwe, 2015).5 By 2015, the amount
of money transferred through the mobile money system had grown to match the amount
of money circulating in the traditional banking system (See Table 2). Given that mo-
bile money system was officially introduced in 2011, the mobile money system has
proliferated in Zimbabwe at an accelerated pace.

Econet wireless acquired the Steward Bank in February 2013; this allowed the

account holders of the Steward bank to link their bank accounts with their mobile

4Before 2011, mobile network operators had started small-scale projects using mobile money to
test the implementation of mobile money. This implies the existence of a few mobile money businesses
before 2011. However, the size of the mobile money market was very small compared to its size in
later years. For statistics on the development of mobile money, see Table 1.

5Note that as in many other developing countries, in Zimbabwe consumers often own several SIM
cards and register to multiple mobile money companies but do not rarely use some of mobile money
companies. For example, the share of subscription of Netone is 11.1 percent but people rarely use it
to transfer money. As a result, the market share of the transaction value is 0.01 percent. Thus, it is
more appropriate to use the transaction value based market share instead of the subscription based
market share. The subscription-based market shares of Telecel, Netone, and Econet are 14.3 percent,
11.1 percent and 74.3 percent.
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money accounts. Other MNOs made similar arrangements. The partnership between
mobile money operators and traditional banks implies that mobile money can be either

a substitute for or a complement to traditional banks.%

Table 2: Development of Mobile Money and M3 in Zimbabwe

Year Mobile Money M3* Mobile Money/M3*
2009 0.62 1,381.25 0.000
2010 1.21 2,327.61 0.001
2011 7.87 3,100.40 0.003
2012 381.61 3,719.00 0.103
2013 2,091.01 3,888.00 0.538
2014 3,634.40 4,377.00 0.830
2015 4,645.89 4,736.00 0.981

Source: Internal documents of the Ministry of Finance of Zimbabwe

Notes: The unit of mobile money and M3* is US million dollars. M3* is the amount of M3
minus the amount of mobile money. For calculating M3, the IMF definition of M3 is used.
Although mobile money was officially introduced in Zimbabwe in 2011, the mobile network
operators started small-scale projects on mobile money to test the implementation of mobile
money even before 2011. Thus, the amount of mobile money before 2011 is not zero.

According to a financial inclusion survey by the World Bank in 2014 (World Bank,
2014), in Zimbabwe, 32 percent of the adults have mobile money accounts, while the
proportion of the adult population with traditional bank accounts is 17 percent.

Concerning the ownership of mobile phones, the ownership rate of a mobile phone
is 85 percent, although only 62 percent of the households’ locations are covered by the
mobile phone network. This implies that many households would still use a mobile
phone even if their residential location is not covered by the mobile phone network.
However, as we demonstrate in the first stage regression of the 2SLS estimation, when
the households’ locations are covered by the mobile phone network, the probability
that a household would use mobile money is about 70 percentage point higher than
a household whose location is not covered by the mobile phone network, even after

controlling enumeration area and observed characteristics.

SCurrently, Econet has a partnership with the Western Union. This implies the possibility of
transferring the money from foreign countries to a domestic mobile money account in Zimbabwe by
linking two accounts in the Western Union and Econet. For example, a customer who has an account
in the Western Union in Zimbabwe can link own Western Union bank account with own mobile money
account. When a relative or a friend who lives abroad sends the money to the Western Union’s bank
account in Zimbabwe, the money is automatically transferred to the mobile money account. Many
mobile money operators in other countries have similar services.
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4 Data set and Empirical Strategy

4.1 Data set

The data set that I use in this study is the Finscope data 2014, which was commis-
sioned by the Ministry of Finance of Zimbabwe and the National Statistical Agency of
Zimbabwe. The survey was conducted by FinMark, an independent trust.” The sam-
pling frame was developed by the National Statistics Agency of Zimbabwe based on a
master frame developed from the 2002 Population Census of Zimbabwe. The sampling
frame was constructed and the weighting of the data undertaken to obtain a represen-
tative individual-based sample of each province of Zimbabwe for the population aged
18 years and older. The sampling was based on a two-stage stratified sampling, and 662
enumeration areas were selected. Among the 662 enumeration areas, 4000 households
were interviewed.

Administratively, there are 10 provinces in Zimbabwe, each comprising 59 districts,
and each district is composed of 1200 wards (municipalities). In each ward, there
are enumeration areas. The enumeration area is selected in the first stage in a two-
stage stratified sampling method. Enumeration areas are delineated to ensure that
households in each enumeration area are homogeneous. There are about 150 households
in each enumeration area in the national sampling frame based on the census sample.

In the analysis, I construct two samples: the main sample and subsample. For the
main sample, I restrict to households that have at least one household member who is
younger than 18 years of age and that provide information on the financial difficulty
in sending children to school and information on demographic characteristics. This
main sample contains 2,621 households. For the subsample, I drop households that did
not answer the question about the distance to school. The size of subsample is 1,789
households.

The Finscope data 2014 collects information on income, remittances, financial inclu-
sion, location, distance, transportation methods to specific locations, such as a market

and school, schooling of children, and demographic characteristics. However, the ques-

"FinMark Trust, an independent trust based in Johannesburg, South Africa, was established in
March 2002 and is funded primarily by UKaid from the Department for International Development
(DIFD) through its Southern Africa office. For information on this trust, see http://www.finmark.
org.za/.
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tion about income is not specific enough to exclude the amount of remittance received.
It is possible that the respondent includes the amount of remittance received in own
income when answering questions about income. Thus, I did not use this information
in this study.

The main dependent variable is the following variables: having saved in the last 12
months, having borrowed in the last 12 months, having received remittance in the last
12 months.

For distance and transportation methods to school and market, the data set provides
information as categorical variables. For distance, it provides 5 categories (less than
10 minutes, 11-20 minutes, 21-30 minutes, 30-60 minutes, and 1-2 hours), and for the
transportation methods, it provides 4 categories. I constructed dummy variables for
these variables and their interaction.

For the network coverage map, I use the network coverage map of the (G2 mobile
phone provided by Econonet, which is the largest mobile money operator in Zimbabwe,
with a mobile money market share exceeding 90 percent in Zimbabwe. Using the
latitude and longitude information of the households, 1 construct a dummy variable
indicating whether a household is covered by this G2 mobile phone network.

Table 3 shows the summary statistics (mean and standard deviation) of the key vari-
ables in my data set. Regarding schooling, about 46 percent of the sampled households
stated that they had never experienced financial difficulty in sending their children to
school in the last 12 months. About 8 percent of the sampled households stated that
they always (more than 10 times a year) experienced difficulty in sending their children
to school for a financial reason in the last 12 months.

Regarding the use of mobile money and mobile phone’s network coverage, about
51 percent of the sampled households use mobile money, while about 62 percent of
the sampled households are covered by the network. Of the sampled households, 85
percent own mobile phones. Regarding saving, 41 percent of the households stated
that they have saved in the last 12 months. The average amount of saving is 80 USD.
Regarding remittance, about 51 percent of the sampled households receive remittances.
The average frequency of receiving remittances is 4.2 times per year.

Concerning borrowing, 51 percent of the households stated that they borrowed in

the last 12 months, 45 percent of the households stated that they borrowed from family
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Table 3: Summary Statistics of Some Selected Variables

Variables N mean s.d

Mobile Network Coverage

Mobile Money Dummy 2,621 0.508 0.500
Network Coverage Dummy 2,621 0.624 0.485
Distance to the Network (km) 2,621 -1.885 8.814
Mobile Phone Ownership 2,621 0.849 0.358
Savings
Having Saved in the last 12 months 2,621 0.421 0.494
Amount of Saving (USD) 2,621 80.0 360.0
Borrowing
Having Borrowed in the last 12 months 2,621 0.510 0.500
Borrowed from Relatives or Friends 2,621 0.548 0.498
Borrowed from Mobile Money Companies 2,621 0.198 0.399
Borrowed from Savings Club 2,620 0.0927 0.290
Negative Shocks
Negative Shock Dummy 2,621 0.423 0.494
Death of the Main Earner 2,621 0.0607 0.239
Family Illness 2,621 0.105 0.306
Low Harvest Volumes 2,621 0.265 0.441
Low Price on Output 2,621 0.227 0.419
Remittance
Receipt of Remittance 2,621 0.510 0.500
Frequency of Receiving Remittance 2,621 4.178 6.389
Frequency of having difficulty in sending to school

always ( more than 10 times in a year) 2,621 0.0839 0.277
1 or 2 times a year 2,621 0.149 0.356
Never 2,621 0.465 0.499
Demographic Characteristics
Age of the Head of the Household 2,621 44.64 14.36
Gender of the Head of the Household 2,621 0.758 0.428
Household Size 2,621 4.858 1.820
Number of Children 2,621 2.381 1.491

Notes: The number of observations for the Distance to School variable is smaller than the
number of observations of the other variables due to the limited response rate to this
questionnaire.

or relatives, 20 percent of the households stated that they borrowed from mobile money
companies, and 9 percent of the households stated that they borrowed from a savings

club.

Concerning negative shocks, 40 percent of the households experienced some kind of
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negative shocks in the last 12 months, 16 percent of the households experienced death
or illness of family members, 26 percent of the households experienced lower harvest

volumes, and 26 percent of the households experienced a low price on the output.

4.2 Empirical Strategy

4.2.1 Analysis using Finscope Data

I consider the following Model, based on previous studies (Jack and Suri, 2014; Mun-
yegera and Matsumoto, 2016),

Yi = 50 + BlMobilei + /82371' + €9; (]_)

where Y; is a dummy variable indicating having saved in the last 12 months. This
dummy variable is equal to 1 if a household states that it has saved in the last 12
months, and 0 otherwise. Mobile; is a dummy variable that is equal to 1 if household
1 uses mobile money. z; is a vector of household characteristics and geographical
variables, such as ward and enumeration area dummies, distance to market and school,
and transportation methods, and their interactions. Additionally, x; includes a mobile
phone ownership dummy, following the specification used in Jack and Suri (2014) and
Munyegera and Matsumoto (2016).®> My parameter of interest is ;.

There are several reasons why applying OLS to equation (1) would generate an
inconsistent estimate of ;. First, having mobile money is a choice variable. Thus, a
household that wants to save (higher value of €y;) might decide to have a mobile money
account. In such a case, the mobile money dummy and the error term e,; are positively
correlated, and estimating (1) by OLS does not generate a consistent estimate of /3.
In such a case, the estimate of the effect of mobile money on saving is biased upward.
Alternatively, a household that is very poor might decide to have a mobile money

account to receive remittances. Such poor households might have difficulty in saving

8 Although the mobile phone ownership dummy is included as a control variable in previous studies
on the effect of the use of mobile money on consumption (Jack and Suri, 2014; Munyegera and
Matsumoto, 2016), I recognize that the mobile phone ownership dummy is also an endogenous variable
and including it as a control variable would introduce bias in the estimated coefficient of 5; even when
mobile money use is instrumented. 1 discuss the effect of including mobile phone ownership dummy
in the estimating equation on the estimation of i, later in this subsection.
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Figure 1: The Zoomed Network Coverage Area of One Area in Zimbabwe

o
Notes: The purple-coloured area is the area covered by the G2 mobile phone network of

the Econet. Red points are the location of the households. Background is the landsat
satellite image of the location in 2015

even if they received remittances. In such a case, the estimate of the effect of mobile
money on saving has a downward bias.

Second, a household that uses mobile money can be different from a household
that does not use mobile money in terms of other characteristics. When all household
characteristics that influence schooling and mobile money are not observed, estimation
(1) by OLS generates an inconsistent estimate of f;

To solve the endogeneity bias and omitted variable bias that occur as a result of
applying OLS to the equation (1), I estimate (1) by the 2SLS estimation, by using the
G2 mobile phone network coverage as an instrumental variable while using the observed
covariates, enumeration area dummy and mobile phone ownership as control variables.
Figure 3 shows the relationship between the average use rate of mobile money and the
distance from the border of the network area. If the distance is negative, it implies that
the location is inside the network area. As Figure 2 shows, there is a clear relationship
between the coverage by the mobile phone network and mobile money use rate.

To apply the 2SLS estimation, I estimate the following first-stage equation:
MObﬂGZ’:OéO + alNetworki + aox; + €y (2)

where Network; is a dummy variable indicating whether a household location is covered

by the G2 mobile phone network of Econet. x; is the same as that used in (1) and
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includes demographic characteristics, ward or enumeration area dummies, the mobile
phone ownership, the source of income, distance to market and school, transportation
methods to those locations, and their interaction.

The basic idea of using the G2 mobile phone network coverage as an instrumental
variable while including other covariates as control variables is that the mobile money
coverage affects easing financial difficulty in sending to school only through the usage
of mobile money once I control demographic characteristics, enumeration area and ex-
perience of negative shocks. With this exclusion restriction assumption, in my 2SLS,
I compare households whose locations are covered by the mobile phone network with
households that live in the same enumeration area and that have the same character-
istics but whose locations are not covered by the mobile phone network.

There are several reasons why coverage by mobile phone network is likely to be
exogenous once I control demographic characteristics, enumeration area and experi-
ence of negative shocks. First, Figure 1 shows the zoomed map of the mobile phone
network coverage. Figure 1 shows that among households who live very closely, there
are households that are covered by the network and households that are not covered
by the network. Since they live very closely, whether a household is covered by the
network or not is more likely to be exogenous once I control demographic and economic
characteristics, enumeration area, experience of negative shocks and distance to school
and markets.

Second, the enumeration area is the first unit that is selected in the first stage in
the two-stage stratified sampling design; each enumeration area in Zimbabwe has 150
households in the national census sampling frame, and it is designed to ensure that
households are homogeneous as much as possible. Thus, once I control enumeration
areas, the observed household characteristics and the experience of the negative shock,
it is reasonable to assume that the network coverage is uncorrelated with financial
difficulty in sending children to school except through a channel of using mobile money.

Third, the mobile money was officially introduced in 2011, and the survey was
conducted in 2014. The mobile phone network was established much before 2011. Thus,
it is very unlikely that mobile phone company, which is also a mobile money operator,
designed the mobile phone network to provide radio access to particular households that

might be interested in using mobile money. Certainly, it is possible that the demand
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for voice and tex (demand for mobile phone) is correlated with experience of financial
difficulty and the network coverage is positively correlated with the demand for mobile
phone. In this case, the experience of financial difficulty is positively correlated with the
network coverage. But, if this is true, then when I control the mobile phone ownership,
the estimated coefficient of the use of mobile should change. On the contrary, when I
includes ownership of the mobile phone as a control variable, I found that the estimated
coefficient of the use of mobile money in the 2SLS estimation is not sensitive to the
inclusion of the mobile phone ownership. This suggest that such a channel is not likely.

Fourth, due to the short gap after the introduction of mobile money, it is very
unlikely that a household would have moved its location to the network area for using
mobile money within 3 years. Additionally, when I restrict the sample to homeowners
or farmers, which have less mobility due to their attachment to own land, I observe
a similarity between the estimated coefficients and the estimated coefficient obtained
from the unrestricted sample. This suggests that a household’s relocation is not likely
to be driven by a need for using mobile money, and the network coverage is likely to
be exogenous.

However, one might argue that there are still unobserved difference between areas
covered by the network and areas not covered by the network. Although I include many
variables in the control variables, still it is possible that unobserved characteristics are
both correlated with the financial difficulty and the network coverage. To answer such
a concern, | conduct two additional analyses.

First, I conduct the coefficient stability test which was initially proposed by Altonji,
Elder and Taber (2005) and later refined by Oster (2019) and obtain the robust region of
the coefficient of the network dummy in the reduced form. This calculation is based on
the observation that it is reasonable to assume that at maximum unobservable factor is
correlated with the network dummy when many control variables are already included.
In Supplemental material section, I explain how we obtain the robust region of the
network dummy. whether unobservable factors are big enough to cancel the size of the
coefficient of the network dummy. I find that even if there is unobserved factors which
are correlated with the network coverage and financial difficulty in sending children to
school, the effect of such unobservable factors is not big enough to cancel the size of

my estimated coefficient.
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Since the estimated coefficient of 2SLS is the estimated coefficient of the reduced
form divided by the estimated coefficient of the first stage. Thus, consider the reduced
form regression which regress the outcome variable on the network coverage and control

variables. The reduced form regression is represented as
Yi =712 + 1215 + Qoo + wi + € (3)

where z; is the network coverage dummy and x5 is a minimum set of control variables
such as enumeration area dummies which is used in any specification. 3 are con-
trol variables such as demographic characteristics, distance to market, experience of
negative shock. w; is an unobserved factor that influences the outcome.

The proportional selection assumption by Altonji, Elder and Taber (2005) and
Oster (2019) states that

COV(Z’, ¢2$2) B COV(Z, UJ)

0 Var(¢poxs) N Var(w)

(4)

0 is the degree of proportionality. It represent to what extent the unobservable factor
is correlated with the instrumental variable, z;, compared with ¢925;. Altonji, Elder
and Taber (2005) state that 6 =1 at the maximum is reasonable in a situation where
a large number of observable control variables are already chosen.

To see the relationship between § and the degree of bias, let R; be the R-square
with a long list of control variables, z1; and zo; and R be the R-square with a short
list of control variable with only x1;. Let Ry, be the maximum R-square with xy;, zo;
and w;. Similarly, let vy, be the estimated coefficient of a long list of control variable,
x1; and xo; and let v, be the estimated coefficient with a short list of control variables,

x1;. Oster show that the bias due to unobservable w; is approximately equal to

Rmax - Rl
R — R,

Note that (y1; —715) and R; — R, are the change of the estimated coefficient of the key

bias = ¢ X (Y — Y1s) (5)

explanatory variable and R-square as the set of explanatory variable is expanded. ¢ is
defined in equation (4). Thus, the above equation shows that the bias becomes smaller

as the change of R-square become larger and the change of the estimated coefficient of
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the key explanatory variable become smaller as the set of control variables is expanded.
Altonji, Elder and Taber (2005) and Oster (2019) argue that it is reasonable to assume
that the maximum value of § is close many observable control variables are included,
which is true in our case. Oster (2019) argues that R.x = R; x 1.3 is reasonable
from surveying top economic journals. Thus, assuming that 6 = 1, we can calculate
the bound of the estimated coefficient of Z; as [y; + bias, 7] if bias is negative and
[7, 7 -+ bias] if bias is positive. Alternatively, we can calculate ¢ that is needed to have
zero coefficient of the network dummy. In the Result section, I estimate the bound of
the coefficient of the network coverage dummy assuming different value of Ry If the
sign of the bounds do not change, it shows that my estimated coefficient is robust by

the effect of unobserved characteristics.

Endogeneity of Mobile Phone Ownership

In my 2SLS estimation, I include the mobile phone ownership dummy as a control
variable in x; or x;;. Although the inclusion of this mobile phone ownership dummy
follows the specification of the previous literature (Jack and Suri, 2014; Munyegera
and Matsumoto, 2016), the inclusion of the mobile phone ownership variable can bias
the estimate of ;. This is because mobile phone ownership is the outcome variable,
and controlling it introduces bias in estimating the causal effect (Angrist and Pischke,
2008). To examine in which direction the inclusion of the mobile phone ownership
bias, observe that the asymptotic bias of 2SLS can be written as follows (Hahn and

Hausman (2005), equation 3.1):

0510'262

lim 3, — By =
plim By = fy = 75 ==

(6)

where S is 2SLS estimator of 1, the coefficient of the use of the mobile money dummy
in the second stage equation. s is the residual from regressing endogenous variable,
Y2, on the control variables. Z is the residual from regressing instrumental variable,
z, on control variables. R? is R-square when 7, is regressed on Z, which shows the

explanatory power of the instrumental variable after partial out the effect of control

9Note that the equation (5) holds only in approximation. To calculate the bound precisely, we
need to solve polynomial equation.
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variables. 0,5, is the variance of g, the use of mobile money dummy after controlling
the effect of control variables. «; is the coefficient of the instrumental variable in the
first stage equation and it is positive. oz, is the covariance between Z and the second
stage error term, €s. 0z, shows the partial covariance between the instrumental variable
and the second stage error term, €5 while holding the control variables constant.

In SI2, I show that 2SLS estimate of 5 is biased downward and I examine how [ is
sensitive to the inclusion and exclusion of mobile phone ownership. Regression results

show that it is not sensitive to the inclusion of mobile phone ownership dummy.

5 Results

OLS and 2SLS Estimates

Table 4 shows the estimated coefficients of the mobile money use dummy and the mobile
phone ownership dummy when I use the saving dummy as the dependent variable in
the OLS estimation of equation (1).

In all the specifications (1)—(5), the dependent variable is a dummy variable, in-
dicating that the household had saved in the last 12 months. The control variables
in all the specifications include the enumeration dummies. In column (2), I include
the mobile phone ownership as an additional control variable. In columns (3),I add
household head characteristics such as the age, education and gender of the household
head and household characteristics such as the number of household members. In (4), I
add the distance to nearest market and transportation method to the market and their
interaction as control variables. In (5), I add the income sources as control variables.
Column (5) of Table 4, using mobile money increases the probiblity of having saved in
the last 12 month by about 10 percentage points.

It must be noted that, as discussed in section 3, due to an endogeneity, we cannot
interpret the coefficient of mobile money as the causal effect of the use of mobile money
on experiencing difficulty in sending children to school, and I use the 2SLS to estimate
its causal effect.

Figure 2 shows the graphical relationship of the distance from the border of the
mobile phone network and the rate of the use of mobile money. Note that both Table

5 and Figure 2 show the unconditional difference of the use of mobile between the
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Table 4: The Effect of Mobile Money Use on the Probability of Having Saved
in the Last 12 months in OLS Estimation
Dependent variable Having Saved in the Last 12 months
Variables (1) 2) 3) 4) (5)
Mobile Money Dummy 0.145%**%  0.146***  0.116%** 0.116*** (.108***
(0.0201)  (0.0201)  (0.0210)  (0.0210)  (0.0209)
Mobile Phone Ownership  0.0965*** 0.0954*** (.0747*** (0.0747*** (0.0743%**
(0.0271)  (0.0271)  (0.0272)  (0.0272)  (0.0272)
Negative Shock 0.0392*%  0.0499**  0.0499%* 0.0540%***
(0.0205)  (0.0207)  (0.0207)  (0.0206)

Control Variables

Enumeration Areas yes yes yes yes yes
Mobile phone ownership yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes
R-squared 0.031 0.031 0.058 0.058 0.066
N 2,621 2,621 2,621 2,621 2,621

Notes: Robust standard errors are in parentheses. All specifications have enumeation
fixed effects. The distance to market is the time distance (five categories), transportaton
methods (four categories), and their interaction. Demographic variables include the age
and gender of the head of the household; age, gender, education, and the head of the
household dummy of the respondent; the number of children; the household size; and
income source dummies. Income source dummies are dummy variables indicating the
source of income (eight categories). Specification (5) has a smaller sample size due to
the limited response rate to the question about the distance to school. *** p<0.01, **
p<0.05, and * p<0.1

household who live in the network covered areas and those who live under the network
non-covered areas. For example, Figure 2 maps households’ average distance and its
rate of the use of mobile money regardless of enumeration areas and demographic
characteristics'®. However, from the point of causal inference, we are interested in
the conditional difference of the use of mobile money between the households who live
in the covered area and households who live uncovered area because the area that is

covered the area that is covered in the network and the area that is not covered can

0Fjgure 2 might lead the readers to suggest the use of the (geographical) regression discontinuity
design because the regression discontinuity is considered the most credible identification strategy in
the evaluation literature (Lee and Lemieux, 2010). However, the data requirement of conducting the
geographical regression discontinuity design is quite stringent. It requires that, at all relevant points
of the border, I need to find a sequence of household locations that converge to a corresponding border
point; subsequently, it entails a comparison between the right limit and left limit of the sequence of
households at each point of the border(Dell, 2010). In the data used in this study, for each enumeration
area, [ have only about 15 households. Thus, it is not feasible to find a sequence of households at the
both sides of each point of the border.
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Figure 2: The Use of Mobile Money and Distance from the Border of the Network Area
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Notes: Each dot shows the average mobile money use rate at each distance from the
border of the network area. The difference in the mean of not experiencing financial
difficulty in sending children to school between covered and uncovered areas is 0.66,
and the standard error is 0.04.

be very different in other dimension. For example, it is possible that the covered area
is mainly urban area and uncovered area is mainly rural area.

Table 5 shows the result of the first- and second stages of the 2SLS estimation.
Panel A shows the first stage estimation results and Panel B shows the second stage
estimation results. Panel C shows the list of control variables that apply to both the
first- and second stage estimations, which regress the mobile money use dummy on
the mobile phone network coverage dummy with other covariates. In all specifications,
I include enumeration area dummy and mobile phone ownership dummy. Inclusion
of enumeration area dummy implies that we compare the household who live in the
network covered area and the household who live in the uncovered area in the same
enumeration area. Column (1) of Panel A of Table 5 shows that when a household is
covered by the mobile phone network, the probability of using mobile money increases
by 76 percentage points. Kleibeg-Papp-Wald Statistics (Kleibergen and Paap, 2006),
which is also equal to the robust version of the first-stage F-statistic (Baum, Schaffer
and Stillman, 2007) in our case, is greater than 10 and shows that our instrumental
variable, mobile money network dummy, is not a weak instrumental variable. This

suggests that there is a substantial variation in the network coverage dummy within
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Figure 3: The Network Coverage and Mobile Money Usage While Controlling Covari-
ates

First Stage Regression After Controlling Covariates
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The estimated slope is 0.74 and SE is .03. The size of bin is 0.001.

Notes: Horizontal axis is the residual from regressing the network coverage dummy
on enumeration area dummy, mobile phone ownership dummy, demographic charac-
teristics, income sources and distance to market and school and their interaction to
the transportation mode. Vertical axis is the residual regressing the mobile money use
dummy on the same covariates. Then, for each bin of the first residual, the average

value of the second residual is plotted on the graph. The size of bin is 0.001.

each enumeration area, and this network coverage affects the use of mobile money
strongly within each enumeration.

In column (2), I add the experience of negative shock dummy as additional control
variable. Column (2) shows that the estimated coefficient in column (2) is almost iden-
tical to the estimated coefficient in column (1). In columns (3), I include demographic
characteristics such as age, gender and education of the respondents as control vari-
ables. In addition, I also include the distance to market and transportation method to
market and its interaction as control variables in column (3). In column (4), I include
the income source dummy (6 categories) as additional control variables. In column
(5), T include the distance to school dummies, mode to school dummies and their in-
teraction as additional control variables, respectively. Since the response rate to the
question about the distance to school is lower than that to other variables, the sample
size of column (5) is smaller than the other columns. In summary, Panel A of Table 6
shows that when a household’s location is covered by the mobile phone network, the

mobile money usage increases about 73 percentage points.
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Table 5: The Effect of Mobile Money Use on the Probability of Having Saved
in the Last 12 months in 2SLS Estimation
A. First Stage Estimation
Dependent variable Mobile Money Dummy
Variables (@)) 2) 3) 4 5
Network Coverage Dummy 0.759%**  0.759%**  0.723***  (.723%%*  (.719%**
(0.0181)  (0.0180) (0.0185) (0.0185)  (0.0188)
Mobile phone ownership ~ 0.165%**  0.166***  (0.133***  (.133***  (.136%***
(0.0212)  (0.0212)  (0.0203)  (0.0203)  (0.0202)

Negative Shock Dummy -0.0286*  -0.0202 -0.0202 -0.0195
(0.0153)  (0.0148) (0.0148)  (0.0148)

R-squared 0.402 0.417 0.460 0.460 0.463

Kleibergen-Paap rk Wald 1302 1307 1100 1100 1053

B. Second Stage Estimatoin

Dependent variable Having Saved in the Last 12 months

Variables Y] 2) (3) 4 (5)

Mobile Money Dummy 0.191%***  0.191%**  (0.170***  0.170%**  (.154%**
(0.0314)  (0.0314)  (0.0337)  (0.0337)  (0.0339)
Mobile Phone Ownership  0.0837*** 0.0829*** 0.0627**  0.0627**  0.0642**
(0.0278)  (0.0278)  (0.0277)  (0.0277)  (0.0277)

negative shock 0.0405**  0.0509*%*  0.0509** 0.0547***
(0.0205)  (0.0207)  (0.0207)  (0.0207)
R-squared 0.028 0.029 0.056 0.056 0.064
Control Variables
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes
N 2,621 2,621 2,621 2,621 2,621

Notes: Robust standard errors are in parentheses. Network Coverage Dummy is equal to
1 if a household's location is covered by the G2 mobile phone network. The
specification of control variables in each column is the same as that in Table 4.
Kleibergen-Paap Rank Wald statistics shows the Kleibergen-Paap rank Wald statistics
of the weak identification test. Notes in Table 4 apply. *** p<0.01, ** p<0.05, and *
p<0.1

Figure 3 show the graphical relationship between the mobile phone network coverage
and the use of mobile money while controlling the effect of enumeration areas, demo-
graphic characteristic and experience of negative shocks. Figure 4 show that there is a
clear linear relationship between the network coverage dummy and the mobile money
use dummy even after controlling all covariates.

Panel B of Table 5 shows the results of the second stage estimation of 2SLS. The

specifications of the control variables are the same as those of Panel A of Table 5 (first-
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stage). Column (1) shows that the use of mobile money increases the probability of not
experiencing financial difficulty in sending children to school by 12.4 percentage points
while controlling mobile phone ownership. In column (2), I add negative shock dummy
as an additional control variable. The estimated coefficient of column (2) is identical
to the estimated coefficient of column (1). In column (3), I include demographic
characteristics and distance to school as additional control variables. In this case,
the coefficient changes from 12.4 percentage points to 12.9 percentage points. Column
(4) shows that when the information on the source of income are included, the use
of mobile money increases the probability of not experiencing financial difficulty in
sending children to school by 12.0 percentage points. In column (5), I include the
distance to school dummies, transportation methods to school, and their interaction as
additional control variables. Column (5) shows that the use of mobile money increases
the probability of not experiencing financial difficulty in sending children to school by
14.3 percentage points.

Overall, Panel B of Table 5 shows that the estimated coefficients of mobile money
usage are quite stable with the inclusion of various control variables. Panel B of Table
5 shows that the use of mobile money increases the probability of not experiencing
financial difficulty in sending children to school by 15-19 percentage points.

It is worth noticing that the estimated coefficient of OLS is downward-biased. This
implies that, in the OLS estimation, a household which uses mobile money is a house-
hold that is experiencing financial difficulty in sending children to school and that a
household which does not use mobile money is a household that does not experience
financial difficulty in sending children to school.

Table 6 shows the reduced-form regression, which regresses a dummy variable of
not experiencing financial difficulty in sending children to school dummy, on a dummy
variable of mobile phone network coverage with other covariates. The specifications of
the control variables are the same as those of Tables 4 and 5. Table 6 shows that being
covered by the mobile phone network increases the probability of having saved in the
last 12 months by 11-15 percentage points. Again, Table 6 shows that the relationship
between the network coverage dummy and a dummy variable indicating having saved
in the last 12 months is quite stable, regardless of control variables. This indicates

that those control variables do not change the relationship between the mobile phone

— 147 -



Table 6: Reduced Form Regression
The Effect of Mobile Network Coverage on the Probability of Having Saved
in the Last 12 months in OLS Estimation
Dependent variable Having Saved in the Last 12 months
Variables @) 2 3) 4 (5)
Network Coverage Dummy  0.145%%* (. 145%**  (,123*%**  (.123%** (. [11%***
(0.0240)  (0.0240)  (0.0244)  (0.0244)  (0.0244)
Mobile Phone Ownership 0.115%**  0.115%** (.0853*** (.0853*** (.0851***
(0.0270)  (0.0270)  (0.0272)  (0.0272)  (0.0272)

Negative Shock Dummy 0.0350*  0.0474** 0.0474**  0.0517**
(0.0204) (0.0206)  (0.0206)  (0.0206)
R-squared 0.023 0.025 0.056 0.056 0.064
Control Variables
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes
N 2,621 2,621 2,621 2,621 2,621

Notes: Robust standard errors are in parentheses. Network Coverage Dummy is equal to 1
if a household's location is covered by the G2 mobile phone network. The specification of
control variables in each column is the same as that in Table 4. Kleibergen-Paap Rank
Wald statistics shows the Kleibergen-Paap rank Wald statistics of the weak identification
test. Notes in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

network coverage and having saved in the last 12 months.

Figure 4 show the graphical relationship between the network coverage dummy
and the dummy that indicates that a household did not experience financial difficulty
sending children in school. The Figure shows that the relationship between the network
coverage and not experiencing financial difficulty sending in children to school is not

driven by the outlier.

The Effect of the Use of Mobile Money in Different Types of Savings

In Table 5 and Table 6, we have shown that the use of mobile money increases the
probability of saving in the last 12 months. A natural question would be in what form
of saving households increases when they use mobile money. Table 7 examine such a
relationship. In Table 7, the dependent variable is a dummy variable indicating that
a household has saved in a mobile money account or that a household has saved in a
bank count. The result of Table 7 shows that a household who used the mobile money

increases the probability of having saved in a mobile money account. However, Table
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Figure 4: The Network Coverage and Having Saved in the Last 12 Months

-1 -5 0 5 1
Network Dummy

‘0 Saving Dummy Fitted values ‘

Notes: Horizontal axis is the residual from regressing the network coverage dummy on
enumeration area dummy, mobile phone ownership dummy, demographic characteris-
tics, income sources and distance to market and their interaction to the transportation
mode. Vertical axis is the residual from regressing having saved dummy on the same

covariates.

7 shows that the use of mobile money does not increase the probability of saving in a

bank account.

Do Unobservable Factors Generate the Result of 2SLS Estimates ?

In my estimation, I have included enumeration area dummies in addition to observable
covariates. In other words, I am comparing the outcome of the household in the same
enumeration area who live within the network covered area and the household who live
outside the network covered area while controlling demographic characteristics and
experience of the negative shocks.

However, one might still argue that, even after controlling for observed characteris-
tics enumeration areas and experience of negative shocks and enumeration area, there
might be unobserved characteristics that might be correlated with the network cov-
erage and not experiencing financial difficulty in sending children to school. In this
case, my 2SLS coefficient of the use of mobile money captures not only the effect of
mobile money but also the effect of the unobserved difference in the household charac-
teristics correlated with the network coverage. To address this concern, I show three

evidences that my results are robust to unobserved difference of the characteristics of
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Table 7: The Effect of Mobile Money Use on
Different Types of Saving Form in 2SLS Estimation

A. Having Saved in Mobile Money Account

Dependent variable Having Saved in the Mobile Money Account

Variables (1) (2) (3) 4) (5)

Network Coverage Dummy ~ 0.0971%%* 0.0973*%* (.0841*** (.0841*** (.0833***
(0.0146)  (0.0146)  (0.0151)  (0.0151)  (0.0151)

Mobile Phone Ownership 20.0119  -0.0117  -0.0144  -0.0144  -0.0122
(0.0123)  (0.0123)  (0.0120)  (0.0120)  (0.0119)
Negative Shock Dummy 0.0132  -0.0109  -0.0109  -0.0118
(0.0103)  (0.0103)  (0.0103)  (0.0102)

R-squared 0.033 0.034 0.069 0.069 0.074

B. Having Saved in a Bank Account

Dependent variable Having Saved in a Bank Account

Variables (1) 2) 3) 4) (5)

Network Coverage Dummy  0.0899*** (.0898*** (0.0459**  (0.0459** 0.0305
(0.0188)  (0.0188)  (0.0192)  (0.0192)  (0.0189)

Mobile Phone Ownership 0.0351**  0.0350**  0.0238*  0.0238* 0.0195
(0.0151)  (0.0151)  (0.0144) (0.0144) (0.0139)

Negative Shock Dummy 0.00626 0.00652 0.00652 0.0179
(0.0135)  (0.0130) (0.0130)  (0.0125)
R-squared 0.023 0.023 0.129 0.129 0.163
Control Variables
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes
N 2,621 2,621 2,621 2,621 2,621

Notes: Robust standard errors are in parentheses. Network Coverage Dummy is equal to 1 if
a household's location is covered by the G2 mobile phone network. The specification of
control variables in each column is the same as that in Table 4. Kleibergen-Paap Rank Wald
statistics shows the Kleibergen-Paap rank Wald statistics of the weak identification test.
Notes in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

the households between in the network covered area and network uncovered area.
First, I estimate the reduced form equation and 2SLS equation by dropping one

control variable and repeat this excercise for all control variables. This exercise shows

how much my reduced form estimates and 2SLS are sensitive the omission of one control

variable. Figure 5 show the estimated coefficient of the network coverage dummy in
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Figure 5: The Effect of Omission of kth Control Variable from the list of Control
Variables in Reduced Form and 2SLS Regression

Sensitivity Check of Reduced Form Sensitivity Check of 2SLS
= k th control variable is dropped from the list of control variables = k th control variable is dropped from the list of control variables
ax ] ~ e o 3 e e N
. /
<o X
S = O«
N J
BT 2
z - =z
E < Em
z v»»w £ V‘*‘*'*'\/*\/'\/\
Q¥ o .2
] 2
og [Shely
o bl
L2 | ol
T - Pl © S NN
g | D A o | TN
B 72
% T T 7 7 T T T | # T T 7 7 7 T T |
0 10 20 30 40 50 60 7 0 10 20 30 40 50 60 7
k k
Estimated Coefficient of Network Dummy ~ ————- UPB-CI Estimated Coefficient of Mobile Money Dummy ————- UPB-CI
————— LWB-CI ~——— LWB-CI
(a) Reduced Form (b) Second Stage of 2SLS

Notes: The vertical axis shows the estimated coefficient of the network coverage dummy in the
reduced form regression (Figure (a)) and the estimated coefficient of the mobile money use dummy
in 2SLS regression (Figure (b)) when k-th control variable except enumeration area dummies is
omitted from the full list of control variables in the reduced form and 2SLS, respectively. The
horizontal axis shows the index of k-th variable. For example, the vertical height at k=12 show
the estimated coefficient when 12th control variable is dropped from the list of control variable.
Each graph shows that estimated coefficients of the network coverage dummy in the reduced form
regression and the use of mobile money dummy in 2SLS are quite robust regarding the omission

of different control variables.

the reduced form and the estimated coefficient of the mobile money dummy when k-th
control variable is omitted from the full list of control variable except enumeration
dummies. The Figure 5 shows that the estimated coefficients are not sensitive to the
omission of one control variables. Also comparison of column (1) and column (5) of
both Table 7 and Table 8 shows that when all control variables omitted, the estimated
coefficients of the network coverage dummy and the use of mobile money dummy do not
change. This suggest that the estimated coefficient of the mobile money use dummy is
not sensitive to omission of observable control variables. Given that we have already
62 control variables, it is very likely that omission of the unobservable control variable
is not likely to affect the estimated coefficient of the network coverage dummy and the
use of mobile money dummy.

Second, I conduct the coefficient stability test proposed by Altonji, Elder and Taber
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(2005) and later refined by Oster (2019) using the reduced form regression.

Table 8: Coefficient Robustness to Unobservable Factors

Dependent variable Having Saved in the last 12 months
) Q) G) @) ()
Baseline Effect Controlled Effect R-max o for f =0 Identified Set
Variable (Std. Err), [R2]  (Std Err),[R2] of B
A
Specification R-max=1.3 xR-square of the regression with full control
Control Variables in the baseline estimation: Limited Control Variable
Mobile Money Dummy 0 .096 *** 0.116 ** 0.667 4.39 [0.116, 0.156]
(0.0261),[0.0009] (0.0426), [0.51]
B
Specificatoin R-max=1.5 xR-square of the regression with full control
Control Variables in the baseline estimation: Limited Control Variable:
Mobile Money Dummy 0.096 *** 0.116 ** 0.77 2.67 [0.116, 0.243]
(0.0261),[0.0009] (0.0426), [0.51]
C
Specificatoin R-max=1.3 xR-square of the regression with full control
Control Variable in the baseline estimation: no control variable
Mobile Money Dummy 0.100 *** 0.116 ** 0.667 2.28 [0.116, 0.145]

(0.0257),[0.0001" (0.0426), [0.51]
Notes: The table shows coefficient robustness to unobsrvable factors based on Oster (2019) using the
reduced form equation. The column (1) show the estimated coefficient of Network dummy, its standard
error and R-square in the baseline model. In Panel A and B, the baseline model includes province
dummies, rural area dummy, distance to market dummies interacted with transportaton meothds. In Panel
C, there is no control variable in the baseline model. Column (2) shows the estimated coefficient of the
netowrk dummy, its standard error and R-square when all control variables are used. Column (3) shows
the R-max value, the maximum R-square when all unobservable are hypothetically included in the control
variables. Oster (2019) argue that 1.3 times the R-square when all observable control variables are used
is appropriate. Column (4) shows the degree in which uonbservable factors need to be important to zero
out the estimated coefficient of the Network Dummy (3). Column (5) shows the potential region of the
estimated coefficient of the network dummy when uonbservable is correlated with the network dummy as

More specifically, 1 estimate the reduced form equation and identify a possible
region of the coefficient using Oster’s test by assuming that unobservable error term
can be correlated with the Network dummy as the same degree as observable. Table
7 show the results of this exercise. The column (1) shows the estimated coefficient of
the network coverage dummy in the baseline equation where the control variables are
minimized. In Panel A and B of Table 7, I include as the control the province dummy;,
rural dummy, variables related with distance to market and distance to school. In

Panel C of Table 7, T do not include any control variable. Column (2) shows the

- 152 —



estimated coefficient of the Network dummy, its standard error and R-square when all
control variables are included. Column (3) show the R-max, which is the hypothetical
value of R-square when not only observable but also all unobservable covariates are
included. Following Oster, I use R-max as R-square in column (3) times 1.3 in Panel
A and Panel C. In Panel B, I use R-square times 1.5 to examine the robustness of the
result of Panel A. Column 5 calculates the robust region of the coefficient of the network
dummy assuming that unobservable is correlated with the network dummy in the same
as in the degree as the observable is correlated with network coverage dummy. In Panel
A, column (5) show that the estimated robust region of the coefficient of the network
dummy is [0.116, 0.156] , which is away from zero and it is economically significant.
Column (4) conducts another thought experiment. The column calculates the degree
that unobservable need to be correlated for making the true coefficient of the network
work dummy zero. The column (4) of Panel A shows that it is more than 2. Altonji
and Oster argue that the reasonable maximum number is one. Therefore, it suggests
that it is very unlikely that our results are driven by unobservable factors.

In Panel B, I calculate delta and the robust region of the coefficient when the R-max
is 1.5 times R-square of the regression when all control variables are included. Again,
the delta is 2.67, which is higher than one. In Panel C, I use a different specification
of the baseline estimation.

In Panel C, I do not put any control variable in the baseline estimation and check
whether my test is sensitive to the specification in the baseline estimation. The esti-
mated identified set is [0.116, 0.145]. Thus, Table 8 shows that my estimation results

is robust to possible correlation between network dummy and unobservable factors.

Restricting the Sample to Households close to the Border of the Network Area

and Over-Identification Test

In my 2SLS estimation of equation (1) with equation (2), in Table 6, I have included
enumeration area dummies (or ward dummies) in addition to observable covariates.
The reason behind having enumeration area dummies is attributed to the similarities
found between households within each enumeration area that are covered by the net-
work area and not covered by the network, after controlling for the observed covariates.

This facilitated comparison between the two types of households when examing the use
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of mobile money and the rate of not experiencing financial difficulty in sending children

to school after controlling for observed characteristics.

Table 9: Robustness Checks (2): Controlling Migration Problem
Restricting the Sample to Households living within 10km
but not within 5km from the Border in 2SLS

Dependent variable Having Saved in the last 12 months
@) @ 3) “ (&)

Mobile Money Dummy 0.264***  0.263***  (0.246***  (0.246%**  (.196***

(0.0587)  (0.0587)  (0.0637)  (0.0637)  (0.0633)
N 851 851 851 851 851
Kleibergen-Paap Rank Wald 240.7 238.6 173.7 173.7 167.5
R-squared 0.042 0.042 0.118 0.118 0.149
Control Variables
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes

Notes: Robust standard errors are in parentheses. A negative distance implies that the location is
inside the network area. The specification of control variables are the same as the specifications in
Table 4. Notes in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

However, one might still argue that, even after controlling for observed character-
istics and enumeration areas, there might be unobserved characteristics that might be
correlated with the network coverage and not experiencing financial difficulty in send-
ing children to school. In this case, it must be noted that my 2SLS coefficient of the
use of mobile money captures not only the effect of mobile money but also the effect of
the unobserved difference in the household characteristics correlated with the network
coverage. To address such a criticism, in Panels A, B, and C of Table 8, I restrict
my sample to households that live within a certain km (10km, 8km, or 6km) from the
border of the mobile phone network area, regardless of a household’s location within
or outside the network area.

In Table 8, a negative distance implies that a household lives within the network
area and a positive distance implies that a household live outside of the network area.
The specification of control variables is the same as the control variables in Table 6.

Columns (1)—(4) use the main sample, and the column (5) uses the subsample of house-
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holds that have information on the distance to school. Panel A shows the estimated
coefficient of the use of mobile money when the sample is restricted to households
within 10 km from the border of the network area. It shows that when a household
uses mobile money, the probability of not experiencing financial difficulty in sending
children to school increases by 24 percentage point. Column (2) controls demographic
characteristics, column (3) includes ward area dummies, and column(4) includes enu-
meration area dummies. Column (4) shows that when demographic characteristics and
enumeration areas are controlled and when a household uses mobile money, the prob-
ability of not experiencing financial difficulty in sending children to school increases
by 15 percentage points. Panel B shows the estimated coefficient when the sample is
restricted to households that live within an 8-km area from the network area. The
Panel B shows that the estimated coefficient is very similar to the estimated coefficient
in Table 6. Panel C restricts the sample to households that live within 6km from the
border of the network area. Panels A, B, and C of Table 8 show that the unobserved
characteristics do not change significantly when the sample is restricted to households
who live close to the border of the network. In Table 6, if the unobserved charac-
teristics cause the bias, then the estimated coefficients would change accordingly as
we restrict the sample on account of the similarities among the households that live
close to the border of the network. This suggests that our identification assumption
that the network coverage is exogenous, once we control observed characteristics and

enumeration areas, is likely to be valid.

Does Migration within 6km from the Border Cause Bias?

In Table 8, I have shown that even if I restrict the sample to household who live within
6km from the border of the mobile phone network area, the estimated coefficients of the
mobile money dummy are similar to the coefficients obtained from unrestricted sample
and argue that it is unlikely that the 2SLS results is generated by the difference of
unobserved household characteristics who live in the network area and who live outside
the network area. However, one might argue that a household who is initially located
just outside of the border of the network and who has a strong demand of using mobile

money might move into the area where the mobile phone network is available. In this
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case, the estimated coefficient might be biased. !

Table 10: Robustness Checks (2): Controlling Migration Problem
Restricting the Sample to Households living within 10km from the Border
but not within Skm from the Border in 2SLS

Dependent variable Having Saved in the last 12 months
@) @ 3) “ ®)

Mobile Money Dummy 0.264***  0.263***  (0.246%**  (0.246%**  (.196***

(0.0587)  (0.0587)  (0.0637)  (0.0637)  (0.0633)
N 851 851 851 851 851
Kleibergen-Paap Rank Wald 240.7 238.6 173.7 173.7 167.5
R-squared 0.042 0.042 0.118 0.118 0.149
Control Variables
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes

Notes: Robust standard errors are in parentheses. A negative distance implies that the location is
inside the network area. The specification of control variables are the same as the specifications in
Table 4. Notes in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

To examine whether endogenous migration might affect our estimates, I rerstrict
the sample to households living within 10km from the Border but not within 5km
from the Border. Table 9 shows the estimated coefficients of 2SLS estimation using
this sample. The estimated coefficients do not change from Table 5 suggesting that

migration is not likely to be the issue.

Summary on the Effect of Mobile Money Use on Saving Decision

In section 4.1, I examined the effect of using mobile money on not experiencing finan-
cial difficulty in sending children to school by using different data sets through the
application of the 2SLS estimation method. Irrespective of whether I restrict the sam-
ple to households that live close to the border of the network area, exclude households

that live close to the border of the network area, restrict the sample to a homeowners’

' The direction of the bias depends on the amount of remittance that a household receives. If the
amount of sufficient, then the estimated coefficient of the network coverage dummy is underestimated.
If the amount of sufficiently large, the estimated coefficient is upward biased.
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sample or rural household, the estimated coefficients of the use of mobile money remain
quite similar. Those robustness check suggests that the effect of mobile money use on

not experiencing financial difficulty in sending children to school is quite robust.

5.1 Mechanism

As T discussed in the Introduction, from a theoretical point of view, there are four
channels through which the use of mobile money affects a saving decision (new method
channel, substitution channel, connection channel, insurance channel, remittance pre-
cautionary channel, remittance channel) ' Among the six channels, the first four chan-
nels involve remittance and/or borrowing. Thus, we estimate the following equation

by 2SLS:

Yi = 50 + 51Mobilei + /Bgﬁi + €5 (7)

where Y; = Remittance; or Y; = Borrowing,. Remittance; is a dummy variable in-
dicating that a household received remittance in the past 12 months, and Borrowing;
is a dummy variable indicating that the household borrowed the money in the last
12 months. The above equation examines whether the use of mobile money increases
remittance and borrowing.

One of the key issues regarding an increase in receiving remittance or borrowing is
whether an increase in remittance or borrowing is related to an intrinsic negative shock
to recipient householders. If this is true, then it would suggest that the use of mobile
money will affect not experiencing financial difficulty through informal risk sharing or
buffer channel through borrowing. If it is not true, then it would suggest that other
channels are likely to be working. Let N; be a dummy variable indicating whether a

household experienced at least one negative shock in the past 12 months. I make a

12These six channels are not mutually exclusive. For example, the use of mobile money may provide a
banking opportunity to the households that do not have access to formal financial institutions, provide
a method of safe saving, and, simultaneously, promote a form of informal insurance network through a
lower cost of remittance. Additionally, the differences in some channels are quite subtle. For example,
the difference between insurance channel and borrowing channel is the obligation to return the money
in the case of the latter. In the case of borrowing, a recipient household has an obligation to return
the borrowed money, while, in the case of informal insurance, a recipient household has an obligation
to help other households when other households are hit by negative shocks.
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negative shock dummy if a household experiences one of the following in the past 12
months: (i) the death of the main income earner, (ii) illness of a family member that
would lead to a substantial medical expenditure, (iii) a lower level of harvest volume,
or (iv) a lower price on the agricultural output. Subsequently, I estimate the following

equation in 2SLS:
Yi = Bo + ﬂlMobilei + 52171‘ + ﬁgNi + B4NZ X Mobﬂe, + €54 (8)

where Y; is the outcome variable, such as the receipt of remittance, borrowing, or not
experiencing financial difficulty in sending children to school. In the above equation, I
treat Mobile and N; x Mobile; as endogenous variables and use Network; and Network; x

N; as instrumental variables.'3

Effect on Remittance and Borrowing

Panel A of Table 10 shows the estimated coefficients of the effect of the use of mobile
money on receiving remittances. It shows that the use of mobile money increases the
probability of receiving remittances by 45 percentage points. Panel B of Table 11 shows
the estimated coefficients of the effect of the use of mobile money on the frequency of
receiving remittances in the past 12 months. The result shows that the frequency of
the remittance receipt by a household that uses mobile money increases by 4.3 times
than a household that does not use mobile money.

Table 11 presents 2SLS estimates of the effect of the use of mobile money on bor-
rowing. In Panel A of Table 12, the dependent variable is a dummy variable indicating
borrowing that is equal to one if a household has borrowed money in the last 12
months. Panel A shows that having a mobile money account increases the probability
of borrowing money in the last 12 months by 12 percentage points. In Panels B, C,
and D of Table 12, T look at the source of borrowing. In Panel B of Table 12, the
dependent variable is a dummy variable that indicates whether a household borrowed
money from friends or relatives in the last 12 months. In Panel C of Table 12, the de-

pendent variable is a dummy variable indicating whether a household borrowed money

13In Table A2, I examine the orthogonality of negative shock dummy to the network coverage
dummy.
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Table 11 : The Effect of Mobile Money on Remittance in 2SLS

&) @ 3) 4 ®)
A. The Effect of Mobile Money on Receiving Remittance

Dependent variable Remittance Receipt Dummy

Mobile Money Dummy 0.481%%*  (0.462%**  (0.415%**  (0.422%**  (.446%**
(0.0294)  (0.0311)  (0.0325)  (0.0323)  (0.0391)

N 2,621 2,621 2,621 2,621 2,621

R-squared 0.212 0.245 0.430 0.450 0.530

B. The Effect of Mobile Money on Frequency of Receiving Remittances

Dependent variable Frequency of Receiving Remittances
Mobile Money Dummy 4.164%%*  4,095%%* 3 BIS***  FOQI¥**k 4 327H¥*
(0.349) (0.370) (0.393) (0.391) (0.491)
N 2,621 2,621 2,621 2,621 1,789
R-squared 0.109 0.124 0.303 0.333 0.443
C. Control Variables in Panel A and B
Enumeration Areas yes yes yes yes yes
Mobile phone ownership yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes
R-squared 0.031 0.031 0.058 0.058 0.066
N 2,621 2,621 2,621 2,621 2,621

Notes: Robust standard errors are in parentheses. In Panel A, the remittance receipt dummy is
equal to 1 if a household has received a remittance in the last 12 months, and 0 otherwise. In
Panel B, the frequency of receiving remittance is the number of remittances received in the past
12 months. The specification of control variables in each column is the same as that in Table 4.
Notes in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

from mobile money companies in the last 12 months. In Panel D of Table 12, the
dependent variable is a dummy variable that indicates whether a household borrowed
money from savings clubs in the last 12 months. In Panel B of Table 12, the use of
mobile money increases the probability of borrowing money from friends or relatives
in the last 12 months by 7 percentage points, and it is significant marginally at the
10-percent significance level. Panel C shows that the use of mobile money increases
the probability of borrowing money from mobile money companies by 10 percentage
points at a 1-percent significance level in all specifications. Panel D of Table 12 shows

that the use of mobile money does not affect the probability of borrowing money from
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Table 12 : The Effect of Mobile Money on borrwoing in 2SLS

M @ (€] “ ®)
A. The Effect of Mobile Money on Borrowing
Dependent variable Borrowed Money
Mobile Money Dummy 0.0547* 0.0545  0.0774** 0.0940%** (0.12]1%**
(0.0320) (0.0339) (0.0351) (0.0352) (0.0437)
N 2,621 2,621 2,621 2,621 2,621
R-squared 0.050 0.074 0.116 0.305 0.380
B. The Effect of Mobile Money on Borrowing from Friends or Relatives
Dependent variable Borrowed from Friends or Relatives
Mobile Money Dummy -0.0191  -0.00172  0.0538 0.0570*  0.0704*
(0.0309) (0.0332) (0.0332) (0.0335) (0.0402)
N 2,621 2,621 2,621 2,621 2,620
R-squared 0.093 0.108 0.197 0.389 0.469
C. The Effect of Mobile Money on Borrowing from Mobile Money Companies
Dependent variable Borrowed from Mobile Money Companies
Mobile Money Dummy 0.108*** 0.0980%** 0.114*** 0.0816*** 0.0950***
(0.0248)  (0.0263)  (0.0277) (0.0274)  (0.0325)
N 2,621 2,621 2,621 2,621 2,621
R-squared 0.060 0.083 0.141 0.343 0.436
D. The Effect of Mobile Money on Borrowing from a Savings Club
Dependent variable Borrowed from a Savings Club
Mobile Money Dummy 0.0285 0.0200 0.0208 0.0189 0.0313
(0.0192)  (0.0200) (0.0208) (0.0212)  (0.0261)
N 2,621 2,621 2,621 2,621 2,621
R-squared 0.018 0.032 0.076 0.280 0.392

Notes: Robust standard errors are in parentheses. The borrowing dummy is 1 if the
respondent borrowed the money in the last 12 months, and 0 otherwise. The specification
of control variables in each column is the same as that in each column in Table 11. Notes
in Table 4 apply. *** p<0.01, ** p<0.05, and * p<0.1

a savings club.'. In summary, tables 11 and 12 show that the use of mobile money

increases the probability of receiving remittance and borrowing money.

Interaction of Mobile Money and Negative Shock

Among the six channels through which the use of mobile money affects schooling,
four channels are related to remittance or borrowing. Among the four channels, two

channels are related to following the negative shocks: the insurance channel and buffer

14T also examined the effect of the use of mobile money on borrowing from employers. The 2SLS
regression shows that the use of mobile money does not affect the probability of borrowing from
employers. The estimation results are available from the author upon request.
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through the borrowing channel. In tables 12 and 13, I estimate the equation (8) in
2SLS and examine whether the use of mobile money affects receiving remittance or
borrowing when a household experiences a negative shock such as the death of the

main earner or lower harvest volumes.

Table 13 : The Effect of a Negative Shock on Receiving Remittance in 2SLS
&) @ A “ ®)

A. The Effect on Receiving Remittances

Dependent variable Remittance Receipt Dummy
Mobile Money Dummy 0.427***  (0.422%**  (,381***  (.387*** (.425%**
(0.0455)  (0.0456) (0.0471) (0.0468)  (0.0609)
Mobile Money Dummy 0.0790 0.0576 0.0455 0.0466 0.0193
xNegative Shock Dummy (0.0537)  (0.0530) (0.0528) (0.0528)  (0.0667)
Negative Shock Dummy 0.0123 0.0160 0.0351 0.0319 0.0480
(0.0330)  (0.0328) (0.0321) (0.0321)  (0.0396)
N 2,621 2,621 2,621 2,621 2,621
Kleibergen-Paap Rank Wald 895.6 766.7 667.6 548 360.1
R-squared 0.214 0.246 0.432 0.451 0.531

B. The Effect on Frequency of Receiving Remittances

Dependent variable Frequency of Receiving Remittances
Mobile Money Dummy 3.556%**  3.520%** 3 ]S55%** 3 T76F¥* 3 795%**
(0.582) (0.585) (0.626) (0.623) (0.745)
Mobile Money Dummy 0.903 0.829 0.915 1.032 0.665
xNegative Shock Dummy (0.676) (0.671) (0.749) (0.752) (0.831)
Negative Shock Dummy 0.106 0.0892 0.228 0.191 0.216
(0.349) (0.351) (0.389) (0.390) (0.409)
N 2,621 2,621 2,621 2,621 2,621
Kleibergen-Paap Rank Wald 895.6 766.7 667.6 548 360.1
R-squared 0.111 0.126 0.305 0.335 0.444

Notes: Robust standard errors are in parentheses. Endogenous variables are mobile money use
dummy and mobile money use dummy x negative shock dummy. The instrumental variables are
network coverage dummy and network coverage dummy xnegative shock dummy. The
specification of control variables in each column is the same as that in Table 11. Notes in Table 4
apply. *** p<0.01, ** p<0.05, and * p<0.1

In Table 12, the dependent variable is a variable related to receiving remittance.

In Table 12, I examine the coefficient of the interaction term of the mobile money
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dummy and the negative shocks dummy. The estimated coefficients of the interaction
term in Table 12 show that the effects of experiencing negative shocks on on receiving
remittances are the same between the mobile money users and non-users.

In Table 13, T estimate the equation (8) when the dependent variable is a dummy
variable, indicating that a household borrowed money in the last 12 months. Table 13
shows that the estimated coefficient of the interaction term of the use of mobile money
and negative shock dummy is very small and statistically insignificant.

One concern in Tables 12-13 is the orthogonality of negative shocks. One might
argue that negative shocks are endogenous. In such a case, it is possible that they are
highly correlated with the instrumental variables and, as a result, the interaction term is
not estimated precisely. To check such a possibility, in Table A1, with other covariates,
I regress the negative shocks dummy on the instrumental variable, the network coverage
dummy. Table A1 shows that the negative shock dummy is orthogonal to the network
dummy.

Previous studies emphasize the role of the use of mobile money as a method to buffer
the negative shocks (Jack and Suri, 2014; Riley, 2018). More specifically, previous
studies in Kenya and Uganda showed that the use of mobile mobile money increases
the probability and frequency of receiving remittance when household received negative
shocks. In contrast, in our paper, we did not find such a pattern. Table 13 shows that
the effect of the negative shock on receiving remittance does not depends on the use
of the mobile money. Also, it also show that

In summary, tables 12-14 show that the effects of the use of mobile money on
receiving remittance and borrowing money are not different between mobile money

users and non-users.

6 Discussion and Conclusion

In this study, I have examined the effect of the use of mobile money on saving behavior.
My 2SLS estimation results show that the use of mobile money increases the probability
of receiving remittances in the last 12 months by 45 percentage points and the frequency
with which households receive remittances in the last 12 months increases by 4.3 times

when compared to a household that does not use mobile money. I also find that the
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Table 14: The Effect of Negative Shock and Mobile Money on Borrowing in 2SLS

(1) B 3) @) )

A. The Effect on Borrowing

Dependent variable Borrowed Money

Mobile Money Dummy 0.0631 0.0561 0.0689  0.0861%** 0.105*
(0.0408) (0.0418) (0.0423) (0.0418) (0.0555)

Mobile Money Dummy -0.0143  -0.00373  0.0358 0.0158 0.0196

xNegative Shock Dummy (0.0583)  (0.0579) (0.0588) (0.0581) (0.0726)

Negative Shock Dummy 0.0670*  0.0802**  0.0686*  0.0722** 0.0884**
(0.0348) (0.0347) (0.0353) (0.0352) (0.0433)

N 2,621 2,621 2,621 2,621 2,621

R-squared 0.054 0.079 0.285 0.309 0.385

B. The Effect on Borrowing from Relatives or Friends

Dependent variable Borrowed Money from Relatives or Friends
Mobile Money Dummy 0.0154 0.0256 0.0578  0.0677* 0.0657
(0.0395)  (0.0409) (0.0399) (0.0395) (0.0507)
Mobile Money Dummy -0.0709  -0.0598  -0.0191 -0.0275 -0.00626
xNegative Shock Dummy (0.0566)  (0.0564) (0.0553) (0.0546) (0.0676)
Negative Shock Dummy 0.102%**  0.105%** 0.100%** 0.100*** 0.119%**
(0.0336) (0.0335) (0.0334) (0.0333) (0.0400)
N 2,621 2,621 2,621 2,621 2,621
R-squared 0.061 0.084 0.320 0.343 0.436

C. The Effect on Borrowing from Mobile Money Companies

Dependent variable Borrowed Money from Mobile Money Companies
Mobile Money Dummy 0.118%** 0.102*** 0.0704** 0.0722** 0.0883**
(0.0309) (0.0319) (0.0327) (0.0324) (0.0409)
Mobile Money Dummy -0.0197  -0.00787  0.0271 0.0214 0.0167
xNegative Shock Dummy (0.0442)  (0.0438) (0.0444) (0.0440) (0.0524)
Negative Shock Dummy 0.0265 0.0360  -0.00276 -0.00268 -0.0293
(0.0236)  (0.0238) (0.0250)  (0.0250) (0.0285)
N 2,621 2,621 2,621 2,621 2,621
R-squared 0.020 0.033 0.267 0.283 0.396

Notes: Robust standard errors are in parentheses. The specification of control variables in each
column is the same as that in each column of Table 11. Notes in Table 4 apply. Kleibergen-Paap
Rank Wald statistics is the same as Table 13 because the endogenous and instrumental variables are
the same as the ones used in Table 13 *** p<0.01, ** p<0.05, and * p<0.1

use of mobile money increases the probability of borrowing money and saving by 11

and 14 percentage points, respectively. On the other hand, I find that the effects
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Table 15 : The Effect of Network Dummy on Negative Shock (OLS)
(D ) 3) “4) €)
Dependent variable Negative shock dummy
Network Coverage Dummy -0.0205  0.00342 0.0125 0.0125 0.0531
(0.0209) (0.0212) (0.0272) (0.0275) (0.0387)

N 2,621 2,621 2,621 2,621 2,621
R-squared 0.125 0.153 0.373 0.392 0.457
Enumeration Dummies yes yes yes yes yes
Mobile phone ownership yes yes yes yes yes
Negative shocks yes yes yes yes
HH Characteristics yes yes yes
Distance to Markets yes yes
Income Sources yes

Notes: Robust standard errors are in parentheses. The specification of control variables in
each column is the same as that in Table 4. Notes in Table 4 apply. *** p<0.01, **
p<0.05, and * p<0.1

of experiencing negative shocks on receiving remittance and borrowing are the same
between mobile money users and mobile money non-users.

Previous studies emphasize the role of the use of mobile money as a method to
smooth consumption (Jack and Suri, 2014; Riley, 2018). However, we did not find such
a role. Instead, we found that the effect of experiencing negative shock on receiving
remittance and borrowing money does not depend on the use of mobile money. Also,
we find that once we control the use of mobile money, experience of negative shock
does not affect receiving remittance while the experience of negative shock certainly
increases the probability of borrowing.

This would suggests that the effect of the use of mobile money on easing financial
constraints and smoothing consumption is not operating in our data set. The fact
that the use of mobile money increases savings might suggest a possibility that mobile
money helps households to be engaged in various financial activities and to accumulate
wealth, which decrease the need of receiving remittance when a household experience
a negative shock.

My empirical results have several implications. First, having more mobile network
increases the probability of using mobile money and increasing saving, borrowing and
receiving remittance. Second, this increase of the use of mobile money is not for buffer-
ing negative shocks. Third,my empirical results have an implication for the regulation
of mobile money. As the amount of money transferred through mobile money becomes

almost the same as that of money in the traditional banking system, regulatory au-
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thorities of the governments of developing countries started taking interest in imposing
strict regulations on mobile money providers. Any regulatory policy needs to be bal-
anced between the costs and benefits of regulations. Previous studies identified the
benefits of using mobile money, such as the benefits of consumption smoothing (Jack
and Suri, 2014; Riley, 2018) and enhancing the efficiency of implementing a welfare sys-
tem (Aker et al., 2016; Muralidharan et al., 2016) and a payment system (Blumenstock
et al., 2015). My results show that the use of mobile money will provide an additional
benefit for easing financial constraints in schooling. This factor needs to be taken into

consideration in designing a policy for mobile money providers.
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