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1. £¢

EH ADojAE HHMo] HRAoF T (staggered adoption)E= AL HHMaw}

24 ol dislo] =olRict. Y izt Ao} BeIE o] dio] Welo] A
5t1, E3loA AlotE tekel HPHES e o]EalE(difference-in-differences,

DID)) w459 Wgoas EUFo ojssnrt dirk B oAt 94 ojFRE

ol tfsto] Al 2 Stata Mo T3hE WelolSS AMgsle] 7hEs] Tt

Zo] B ARHSl BN T S0 B

A5 =02 ol Hr EehA BAIL Y
A &

Hstol 2AAY A5 A7H

n_iﬁi;

ojZXEHo EArM o7 |y oIk 1 iHtwo-way fixed effects, TWFE) 3]
AE ol8sto] FAHH2E =), FFo] A2 BE ANA SAlol =Y=E T
¥, TWFE 3432 ol B AN 7I5B8d= FHUh o] 7B olA AFeE=

Hl-Z(nonnegative)o|™, 1 A3} A FI7} o]d ozt TWFEE &
9] 7]‘%1—5% B RIE OHMQEHSZJ Z )
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Heo] AFEPI] He A2 o4is] gont, AFAde AgEe AgSel vl
(nonnegative)o] Fofof ks HAo] gtk 1 A3}, FHAAEC] oldo] FAs
W E AAano] ol HHYoE TWFEZF ()2 B8 3736k dAfo] ¥
& & AHI F2). ez gdata yolld F=o] yrlzes =RiEs 3¢
TARE 2o YA o]F S AHE wrYstal Sl=A] Eklske Ao S5,
&/34R TWEFE 1S ok 4E glo] g7jo] 1= Agshd e dH= o]
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o v} Holei Lt 33 9 % A5k ARIe] ek Aolsiehe, TWFEL ofe] Haa
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1) Staggered adoptionsh 8 41 e, AFHAILH L Stata WA OISl 8 & 3174
sk e ‘i}*h} §8CIA ARt

2) o]ZAEHo] Higt AR AN Lee(2016)7} oM, FMo] AAH w9 = Ho] ATHA| Hldat &
AR 2 73 HHJJ_(ZOE)O] olch. 743 HHPJ_(ZOZS)«] VAol Ao FRA =YL st

3) A% Al AsE A= 1ol
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3] ot H71A ) ST Aol dHste] s8ATAREC] KIS A9T

R4S BHoRA U ORE ofFfjslal o]E et JF=A AlEs] Fgsk
of HeiA: drgeiet

AR FH A=) EAls 2AAE B Aol Fa7t AARE et 9
=0l AlAIZiEe] A9 Ee =w7HEE HE AFOA =98 b 1 a3 w440l
AAH oz Z4T 5 A 3 EoF ol=H FH9| A e Hot FUsH S
& Ak ol 240] 7hestER, FAS 4 =Ystke diAl B =dske A
= Atk H Zwol L ole Blaa #E| SHoA olie] "ot Eek ARde
THAE AL =Y & 2t 7482 Hot AAZos AT 4 A 3 o

ST

HICHCY:)

A olgsto] Ao AAE ZHsty] Ysto] G AMEEE WY
S 12(D=1) /HAIEH 234 &2(D=0) HHEZE o]Foj
Aol A& W, 7HF ] s & o 3 ¥ D=1 /iAEY] s
(V)] Bgkat D=021 MRS Jraso] Bzt 7t Aolg ke 1Y Aoty
od B, o] WS YE Do tisto] (BRA| ofet SAHSES 10| iE3tste] 5
ASET) HAAFOLS) SAToRA THL 4 Uk woF XL} thzgo] Azt
o SA=olojA] Bl THssiTh ol Yo vl PELe HAH
48] Eok. FHACR, V=0 + D+ Xy +u BATL FET
2959} 27|7F HX] ojRo] BpHoR oEsA] vt

2814 ool (R0 49) OLSE p5 WA o7 4%
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AR 2E AOHEAEL AHo] wER] ggrone). wok Axzt 54
A SYelth APt F de] B Y 2850 ol A aviel 2.
A2} BARE] AEAPE SLSITHE 78S BA] (parallel trends) 71ol2t 5t
5 DID 34 27 ARase sk

M YZ A2 dul, HX] o) du), o] % ouliso] 4AeY, 1elw ol 54
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= Uehdic. o) Sof $A%Hs7}y, Fu0] x1, x2 AX2 Hr¥4} tgroup, A
%) 0|55 veh EuHsT} afterst SHA TR Stata BHE AT 5 Sk

. reg y i.tgroup#ti.after x1 x2, vce(cl id)

iz 289] AL PF 1Y aiHtwo-way fixed effects, TWFE) 3AS A3
At AA] AR A|TE 2 THAES] AR o] AJY

<
T
dz} sH(gen d = tgroup*after) QPeF 13 a7 I|HPE oS

2y
flo
Kw
i)
D)
rr
=

. xtreg y d i.year x1 x2, fe vce(r)

A2 o] Al AREH AT e Hlw PHS AT TS & aES
Hlae] 7]Eo g 4= WRolth. ¥ DID W2 AT S7RES Bl Vel ®
A= Wolth. DID W2 TR AA] ofd Aol #&55= = AP AelE A<t
TSt Zlog Wolsolal, AA| o]Fok o] zfolE A Aol= A sk= Aol

7) DID9} AIA] 4§ Ao S50 Z1Mgk ofsio] wet Ajo] o7t e 4 glo] A9o] ufe} 2
S7h FHIE S,

8) TdAEe} Balo] T RS-0 841(2023), TAR(Q024b) B 2 AT A0 w2} g
(2024b)9] 18-S W QIBHA| glo] IBEHY.
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o9 ot vl e o] % F Aol7k 091 Aol AR
DIDE 1% 7 AolE Al FiL #7522 DID= Jdd H|
ozt & = St

oA Statad] regE AFRSH= 39 xtreg, feS ARRSH= 7o) thsto] MHst
oot HjdAse] AL T e nT ARRSE 4= 9t F¥jd(balanced panel
data)old & A= HH o= =Ysich. B wd(unbalanced panel) ZtE9] H-%

ol % ATt A2 T, ol reg WS 47] FHFHAE A%, AL A, A
T A, AT AE BEe UA T o) 7 Aolg Tk w(HE ST
o] o], xtreg, fe BHL AA()Y Fol2 £A ;Lom ol HFo| HolZ T8

w ol cH' 71 B#9] Zfol). wid TWEFE 3|HollA= & 7|2 & gt 717tolet &
= ISA7L AAEERE = o] of%t Ao 2ol }HE* gt} 10)
Wd2A 2 E olgsto] DID 3HE & of OLSE AREshs TWEES /\}355 QLAY

(idiosyncratic errors)o]l A|AE Afo] 2AF 7MsAlS 5185 S AH| A1

o BEQAE AMEShE Zlo] Foh dAoA, YAtme HH"*XPEE}— AE GAT od

A W7t glow SEAE EEQA ALto] 7HsSHA] it o] A, Wik T7F Atk

W EAAO] ZQxto] o J/7TE Fsk= Moulton-type ¥AL AHL{I 4 9t

(Cameron and Miller, 2015, Z=x).

.11)1‘

L}, Card and Krueger(1994) Of|X|

Card and Krueger(1994)= 1992. 49 FA42|(N]) 39 FAA|F QAH$4.25%
El $5.052 QIi)o] 8ol vX|= FFS NJF<} HAH|LoKPA) & 73 A ”H——
F& A9 A A ART A% 277 @A =mE o]gste] DID o 45t
Atk kel David Card7} Al&sk= REIDE B0 HelsteE At AR120E

9) DIDE (d-b)-(c-a)& HHs} dE HA|E AA] o]F, b AX| AA] o4, c& BAT A4 o|F, ax=
BAITE AX| o|do|ck. 1=H ‘3‘1’9—4 JJ-Q-]"?J’—‘J-L} a‘ﬂx}oﬂ 9l DID+= (d-0)-(b-a)9te FY3H, d-c=
A o]& AF9] OF ZF Zol, b-at HA| o]d AIFY IF 7+ Aololtt. &, DIDE AX| o|F AlH
I35 7+ AoloflA AX] o)™ AJH 1%'— 7t 2ZlolE ARt Ao ofggltt.

10) giFE9] /A7 & 717F BFoAM TSEE EQ] Aol RE uju|sic). SR B4ty F=rt Ashd

I Zo7t A & it} o] F$ ol Ho|] TS ¢ F tiIsh=A7} wte] 7]&o] & Ao|t}.

11) https://davidcard.berkeley.edu/data_sets.html, AAUx}: 2026. 1. 19.

12) 3EA=(2024b) X, https://github.com/chan079/panelbook/raw/main/data/fastfood.dta, %

AAz}E 2026. 1. 19.
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. use https://github.com/chan@79/panelbook/raw/main/data/fastfood, clear
(Card and Krueger 1994, fastfood data, cleaned)

. reg fte nj##after, vce(cl id)

Linear regression Number of obs = 794
F(3, 409) = 1.80
Prob > F = 0.1462
R-squared = 0.0074
Root MSE = 9.4056

(Std. err. adjusted for 410 clusters in id)

Robust
fte | Coefficient std. err. t P>t} [95% conf. interval]

1.nj -2.891761  1.439546 -2.01 0.045 -5.721593  -.0619281
l.after -2.165584  1.218025 -1.78 0.076 -4.559954 .2287855

nj#after
11 2.753606 1.306607 2.11 0.036 .1851025 5.322109

_cons 23.33117 1.346536 17.33 0.000 20.68417 25.97816

9] Aatof| A A HrHp= nj, A AlFY oS5 YE= Hr¥SE aftero]th
nj#after H=0] A5} DIDO] sfgst=d], 1 F4%2 2.7536, SHAH HEQA=
1.0366, pgt 0.0360]ck & T &pAs] AwEH, HA nj¥ge] A4+ after = 0, &
A A3 o)A Al7|of PA thE] NJ9] 1-8(full time equivalent, FTE) Fxzolc} 1 3
A -2.89= H A1FY oA ]MTMVEﬁEﬁEM]ﬂﬁﬁpk§ﬂi5¥5§%
e} 280 FTENE o 7] 78511 919188 =8tk TS0 after Tuise] A%
= N =0, & 4279 A% S7E=S QH¢GIWZAH“1°”0Wﬂ Hsto] 11

o|Fo] PAF=9] FTE+= 2.1778%k 45t ¢ 2y=25H NjF9 A% 7=
5 o Atk PAF<= 2.16678%HE AAasti=t, NJF=2] S7R20] PAF9| S7HER
275492 o ooy NJFE -2.166+2.754 = 0.58890HE 7151932 & 4

2] oo, Hluold PAFOIME 2.16678%HE A=t NJFolA+= 0.588%

%7} glou=, T ZJolQl +2.7547F A& gileh= Zlolth
U2 oA, HAAF W oldoll= NJF7F PAFREY 2.89278 7 A A 1.8
ta QIgieh IR o] 271 F 7t Aot HA AT W o] Fel 2.754%kE 7.

g 30
e 31 - jxv 401,

s i

{1

O
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1882 NJF9 PA—r«l %L i
-2.892+2.754 = -0.138% =9} o)
o|gd 274 F F 7t ﬁ—ﬁx}ﬂ 79l 914} o]0 -0.138Woa Wslglong,
1 ApolQl +2.7547F Aol amtet sjAolch,

o Yuxg EFdudo|t;. a8Eg 9 A} xtreg, feE o|&st mjd TWFE
274 A N2 T Aol

. gen treat = nj*after

. xtreg fte treat i.after, fe vce(r)

Fixed-effects (within) regression Number of obs = 794

Group variable: id Number of groups = 410
R-squared: Obs per group:

Within = 0.0147 min = 1

Between = 0.0043 avg = 1.9

Overall = 0.0000 max = 2

F(2, 409) = 2.14

corr(u_i, Xb) = -0.0967 Prob > F = 0.1185

(Std. err. adjusted for 410 clusters in id)

Robust
fte | Coefficient std. err. t P>t} [95% conf. interval]
treat 2.75 1.337555 2.06 0.040 .1206598 5.37934

l.after -2.283333  1.247982 -1.83 0.068 -4.736592 .1699251
_cons 21.06045  .2281007 92.33 0.000 20.61206 21.50885

sigma_u 8.298003
sigma_e 6.3411612
rho .63132515 (fraction of variance due to u_i)

QoA treat WE7F HA WD )AH], T TWFE Al A= 2752 49
2.75363 Z45H tr2t. ol wWdAtwrt Edduidel”] WEelh. wef F
Lol B0l o] R0l HAEFEHSE BAUAS Hystd ool OLS 4 2=
thol -

MY W PR MR B A2 97 53 Y JSTR DIDS 0183 YN ¥awel 2 _9



. reg fte nj##after if balanced, vce(cl id)

Linear regression Number of obs = 768
F(3, 383) = 1.66
Prob > F = 0.1763
R-squared = 0.0076
Root MSE = 9.5113

(Std. err. adjusted for 384 clusters in id)

Robust
fte | Coefficient std. err. t P>t} [95% conf. interval]
1.nj -2.949417 1.478414 -1.99 0.047 -5.856241 -.0425943
1.after -2.283333  1.248955 -1.83 0.068 -4.739 .1723333
nj#after
11 2.75 1.338598 2.05 0.041 .1180787 5.381921
_cons 23.38  1.382072 16.92 0.000 20.6626 26.0974

ol 2.75% 9] TWEE Aot 43k AX|ateh. 3t
% 1.3375550|4 #31id AR OLS9] 79 1.338598
2 248 B2, ol Statad] F Sl 4%E @74 $4o] ozt thr] wEo]
o} ol gels) BAh The-L £ 37 7o) A e thSo] o|RojN e F 7|zt

L H5EH YAEFE JESTS o8t HRRE Tt 4 FHASY vled
ol -
=

FYSE S UE A 5
7

. qui reg fte treat nj i.after if balanced, vce(cl id)
. mat V1 = e(V)

. scalar N = e(N)

. qui xtreg fte treat i.after if balanced, fe vce(r)

. mat V2 = e(V)

. di Vi["treat","treat"]/V2["treat","treat"]
1.0013089

. di Vi["1l.after","1.after"]/v2["1.after","1.after"]
1.0013089

di (N-3)/(N-4)
1 0013089

10_2025 MNAEMEI} YEYT MiHoipepH=zag;



O

QoA V1& OLS EAF ZA7lo]1 V2= TWFE BAF ZAglo|th. OLS B4t
TWEFE £419] 1.0013089u(EEL2419] Aol AFDHUH], ole ARE WA 7
Qg Stata FHAE EFQA 4FE WA WIS [M/(M-DI[(N-1)/(N-KIE
oh= Zlo|tHStata "R FR). o, M2 SHAH e, & fAEFE H29] /M
= 384)0]1 N2 A #=A(N = 768)o|tt. OLSeF TWFE 2% M3t N2 Fdsit
OLSt k2 45 AM8skal TWFEE k2 3& ARERIth13) 1 Z3 OLSY] #4F 472
TWFES] B4 ZAzko] (N-3)/(N-4) = 1.001308989HEo] ok 1 AFgLe
1.00065420]3. OLS HZ QS S5k TWFE X903} 7F vlgo] Adls] IvE
QA A% 1T 4= QUrt.14

=

]
]

it

Ct. DID2H BAFA 7H

DIDE & dg 57Hie] W40l olg AMANE 153t DIDS Aavne
3] 918 AYHA RTRAL BARE F7HEo] HARY Ao THE F71E
3} Ut 2, = BARA 7Pge] A¥aths Aol WBS4| /43 DIDE of
8% AAaT 242 J1dow RANE oot 2o

13) NJ W47} A|7-EHolojA TWFEOA AREE]A] k7] wiio|ct.

14) oj7|oll= gt 7}x] Bt Ho] l=d], ‘xtreg fte treat i.after, fe vece(r) 24 £35H= TWFE:= ZA]
4107) x5 137 B5E 267) FRE ARGERE Z 02 JFote] ZEAE /S 41008 sto] &
HE AL SR ‘xtreg fte treat i.after if balanced, fe vce(r) 24 $45l= TWFE= Z¢|AH
Mg 384702 7Isto] AR 2AS gt olof] wet OLSeF TWEFE ®EQA}F 7hol] Z7F4Q1 Apo]7}
Hpgelt), S| 2(2024b) =
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[B3 1-1] S&FM P44t DID

b d

RILE

MR bf

" @R )

before after

A7 A 2(20242), I 11.2); HFX=(2024b), <2 4.1).

SO A0l B4 B2 2HES AAzl 485, 43 olglg] aelos o
AZA7| AAE BEL d*2 FAR b+ (c—a)olth. T2 d—d*=(d—b)—(c—a)
7} ARate At

3| Lot} HARAH HHSH=A ARE ol8sto] BT YL k. ol 9f
st 43 Al o)l Axze] Aol glgirhd AdEe A (olstolA o
2 R7)7h BEEA 7] wgoleh. 1 T4l wek 43 A8 ol o] ofe] 7|7t Aurt
olehel 1 717 AR BAEO] FAE LA A7) B 4 olek. wok A A3

ool 5 ere] FAE URTH A2 Al o]F AVIelE v'9) FA7} Usksae
Aolehs o] W2 Qirh BE M AY o] vo] 247t Usksisicka st

=

off AATS] ARdA 1 1 *d"é—r/\ﬂ@r ARFA7 ﬁ"é—r | B WS 47 A7
= ARIAZ] A Je] Al 09 Aske e ARSI A S0
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tgroup®| AX|FH<E, after7} AFAI7|HSE, d& AR WSt & uf xtreg v d i.year,
fe vee(r)olztal st d9] A5} DID B47} =&d], o] 370 th23t 22 W4jo=z
Ha 2708 7Rl

. xtreg y d i.year c.tgroup#c.yeart#i.after, fe vce(r)

1299 after=0]1 A]7]9} after=1]1 A]7]°] tgroup¥} year] -J22-8 &+ 57|
| E15EE, O F after=00] sigste 23 Fo 7zsto] A%ste Zoltt. of
AIE AR d4sts A77HE W A9 = 170t

e RS A7IEE AL AL T Ael7E Aolshe s B Aleal &,
APAAZI0NA] 1 o7} B Fsithe ARTHEE A4Sk Zolth olE i8] A%
= Hus(tgroup), 7IXHE Hu|g(iyear), AR HoHset 717 HrjdeE
9| B2A8Fe Eoote IAE St ARIAY] S d2AE e ATt 25 0
4& AHote Aolth StatadAMe dlE S0 thadt o] & & Ytk

A}

. areg y tgroup#tyear, a(id) vce(cl id)
. testparm 1.tgroup#(2001.year 2002.year 2003.year)

9ol year=20045€] AX7} olFojzl L FHhach

%] Card and Krueger(1994)9] Hlolei &3} 25 27]7F dolejolng Abd
A7) BaEA AR FHsEA e,

A7AEL B4H 0 DIDS AXaTS} At
ol HAEAE A 719 Fololth. HAS L 499 HAE y'olet 1
HAE WA e A HTUS ylolet A AAFo] HAS L olFo] BEHL
e Yloln BA X od AXZo] BEEE AT ylolch X

— y'ol 1 W QX LI o] AXAIEY Wpolth. M AT A4 B2H A

uu Aol ojulak Zlo] ohch

BE AXEHE 7 e o BT tote] B Fehutkel BAPH vk
AR B fote] B 7 A, F E(Y'- 1)S UM BE ATE R 3]

o}, e gAgTrES By
k-

HIE IS 2t XX 23 22 o7 58 U JEEF DIDE 0188 59N Mzwe 2E_13



S, A E 2 FE0IM AXNaHEY Bt & E(Y' - YID=1)& ATT, AX
£ 9] o2 ThRjEoA AR EIES] Het, & E(Y' - YID=0)E ATU 2 27|91

2717+ AFo] DID7} 245K= Zlo] ATE, ATT, ATU % ol ZlQlx] Aguz}. %
1% j=1, BAES /=022 H7|otAL AFAZIE =0, AFAZIE (= 10]2t &
7180, w8 9] t7] Bt S Frolzt oFA DID= (1) — 410) — (01 — 1200
A% J9d HAE w@oy ylo] EEI HAE wA] gFow ylo] AZHER
1 = 10s 1 = 10, o = 01, oo = 0001 FOWE, 2 AR A1) Bt A}, g2
HIAZ] A1) Bt AIg 9Ju|g), DID7F E0k= A2 (i, — ) — (0, — #00) ©ITH.
grek mIAR] Al B At o] WAL BHITH, S ) — o = 01 — 20,°12HH,
DID7} &4k AL w1, — i, & AXEY ARFA7] B MR adoltt. o]z
ATTol| sfggtct. Qokobd, WA A] At o] HP5A|7} JHstH DID= ATTE
iy

Wi

2}. Stata (xt)didregress HH

Stata WA 185¥ DIDE 7HHoHA F+ddl &2 didregress?} xtdidregress 5%
o] ABET. B4 AR A(stare)d ALER 2] AfelSo] Gl AR(eE @
94271 ohle, 59 A9, 5 A= voll B4 iglo] BT ADE Fyo] B

(Stata Wi F=2), olFo] thFet SAANES HofF7] I8 2HE A Fi= &

. didregress (y x1 x2) (d), group(state) time(year)
. areg y x1 x2 i.year d, a(state) vce(cl state)

o2, IjgdARoA= xtdidregress HE& AT = =T, ol& oA xtset
o] W3t 7HQI AERHId)7F o 7HQl IDE ARESE XY AlEANE glow 2| 1D
£ AR Eh15 A Y(state)d AR BE- the F P

15) Statad] 3 F25 YT xtset FHE F 7] FEIZ ARGD 4= Qlth S xtreg id P01
o2 Shte xtset id year FEfjo|ch 2t FeiE AM&SIE | (id, year) Aof shte] FEARE glojok
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. xtdidregress (y x1 x2) (d), group(state) time(year)
. xtreg y x1 x2 i.year d, fe vce(cl state)

ol oy 77t HuHE SAISHL 7 didregressoflAl *FQ—FJL areg g%
o idd tusrt Agiez 23] 9IS & 4 ot aA=(Z 17JU}
ot shte] #EA7E Qe AR)Q AS ol Hul¥lg 3lH(east squares dummY
variables, LSDV)2tal o=t A7} 1 4F7} A SUSHEE, FPudAt=A
= didregress@} xtdidregress 7tof] Z}o]7} Qit}. &, didregress= gu|H$LES =3
Al7]2 xtdidregress= Aot U] HaKHwithin group deviations)& +5ko] 3] gcH=
Ao]7} 9.

Stata "j+29] hospdd AZE ARESE RIS th2of AAgHT) 4670 Y (hospital)
1~79 359 1~104 HE vEEL(satis) AEFRAF AFgolch AaSL satiso]H
AA| Hupiae At A48 48 oRE UEii= procedureo|t}. procedure”t
Newol® Al ol Oldoldl 71 AAolck. 467} e & AL 187 elo] A7)
Fols Unix] 287 BRI EATolt. AS 107 BEAE hewt Lok

. webuse hospdd, clear
(Artificial hospital admission procedure data)

. lin 1/10
hospital frequency month  proced~e satis
1. 1 High July New 4.106527
2. 1 Medium March 0ld 3.319475
3. 1 Very high February 0ld 3.41172
4. 1 Medium April New  3.004025
5. 1 Low March ol 3.11072
6. 1 Low July New 2.882164
7. 1 Medium April New 4.410257
8. 1 Very high January 0ld 2.902885
9. 1 Medium March 0ld 3.050226
10. 1 Medium January 0ld 2.438842
Sof, SARURY 52 BT BE g FYPES BT 5 Uk A4 Fehe A9 D (state)
QA A9l ID (i P A0IE xtset statedt 2] AGT 4 olow], B 7H 2L & > =
o] xtreg, felx 7Fsdt FHRo] 2gH

H1E I CIZh MA| B3 &2 67 5% L JISEF DIDE 0183t 59 Mzwe e _15



gE gis 18-S 18 2k ARk hospital = 1~18)7} EA(hospital =
19~46) 24 BAESC] =TS PR T2] Fi o] £0UR thg T ALg

. gen trgrp = hospital <= 18
. gen monl = month-0.06
. gen mon2 = month+0.06
. twoway (scatter satis monl if !trgrp) ///

> (scatter satis mon2 if trgrp & procedure==1) ///
> (scatter satis mon2 if trgrp & procedure==0)

A3 et Lok

[23& 1-2] hospdd X}& &} DEEL

10 b
[ ] - °
[ ]
[ ]
8 " : o
o ] H e
§ -3 :. H
(7] z. !
S 6 0
= 6, * Patient satisfaction score
g e Patient satisfaction score
‘g’ * Patient satisfaction score
£ 4]
Q0
©
o
2 -
s il
°
0 -
T T T T T
0 2 4 6 8

A= Stata®] hostdd.dta AR ZFE A=} 2H

TN PEL Y, F2L WEnolt EAE FASL ozt 9] Fuos 1
ge 787 AT ISL o Q2 Zo| Mgl Moz e JEr) ~3YLe
A ol 7|2k, 4~TBE ) o|F 7Izke] et} DIDE 0|5 A9 Hito] ojHat
Wee Holw, XX o H(1~3Y)el Hlste] A o|F(4~7Do] AXZ BT} EAZ
B 7+ Aol ojHat Make Holx| Skt
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92 didregress WHE ogslo] W AN aTE 24810

. didregress (satis) (procedure), group(hospital) time(month)
Treatment and time information

Time variable: month

Control: procedure = 0
Treatment: procedure = 1
Control Treatment

Group

hospital 28 18
Time

Minimum 1 4

Maximum 1 4
Difference-in-differences regression Number of obs = 7,368

Data type: Repeated cross-sectional

(Std. err. adjusted for 46 clusters in hospital)

Robust
satis | Coefficient std. err. t P>t} [95% conf. interval]
ATET
procedure
(New
S
0ld) .8479879  .0321121 26.41 0.000 .7833108 .912665

Note: ATET estimate adjusted for group effects and time effects.

91 AHEAA 280 Bl oJ5tel BF AAEIE o 0.850]9 o] AFE FAX
02 §of5tekp=0.000). YA WAl Aok FUT AHE ke Lol UL 4

ATt

16) B H1149] ZA9Ql staggered adoption®] 7-2ofl= hdidregress?} xthdidregress H#o] 3Jc}. o]
iside Usoll d9etth. A5 hospdd AtmolA= AL HE BSA7E FATE Al AA]
k7] AJASIE R staggered adoption©] ofyth

i

H1E I CIZh A 23 &2 67 5% U JISEE DIDE 0185t 59 Mzwel #E_17
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. areg satis procedure i.month, a(hospital) vce(cl hospital)

Linear regression, absorbing indicators
Absorbed variable: hospital

(Std. err. adjusted for 46

Number of obs = 7,368
No. of categories = 46
F(7, 45) = 138.73
Prob > F = 0.0000
R-squared = 0.5333
Adj R-squared = 0.5299
Root MSE = 0.7238

clusters in hospital)

Robust

satis | Coefficient std. err. t P>t} [95% conf. interval]
procedure .8479879 .0321121 26.41 0.000 .7833108 .912665

month
February -.0096077 .0184317 -0.52 0.605 -.0467311 .0275158
March .0219686 .018251 1.20 0.235 -.0147907 .0587279
April -.0032839 .0221028 -0.15 0.883 -.0478013 .0412335
May -.0094027 .0232399 -0.40 0.688 -.0562103 .0374048
June -.0038375 .0190634 -0.20 0.841 -.0422332 .0345581
July -.0111941 .0230029 -0.49 0.629 -.0575244 .0351361
_cons 3.444675 .011354 303.39 0.000 3.421807 3.467543

9] AxoflA procedure ¥4 e Ay} o) Ob] d1dregress (satis) (procedure),

group(hospital) time(month)’
Zr 179 € B AT
2 ko] (I9 1-20ojA4 E¥H-0F4

. estat trendplots

18_%25m§ﬁ§ﬂuﬁlﬂqu;+

T #

=220

F



[O8 1-3] 258 F7 JaidHo AAE

Observed means Linear-trends model
4.4+ 4.4 I
I
I
I
4.2 4.2 :
|
o 2 !
8 3 |
c 47 c 4 |
£ £ |
Qo [}
2 2 : —— Control
3 38 8 38 | —— Treatment
s g I
T b |
o o |
3.6 3.6 :
I
3.4+ 3.4 |
T T ! T T T T
1 2 3 4 5 6 7
Month

A Az A

270 O™ § 9FL satis W50 IFE-AIFE Hakes UERH QEX T2 AR
A7I(1~3Q)et AFAI71(4~T7D) ZH2, ARAZ3 BARE 2442 Bl Ay A 470
o] AFSFANE 318ol= BP9 Wg(fitted values)E TP O& =t F2A]7]
(19)9] gkzgto] & IF 719 SYol=E A2 AXE 2% Ao|cKStatalist F=2).
Zrg, % 722 ‘didregress & ©|Fof ‘estat trendplots, omeans O & HE
2 1" 4 3, 2EZ 1YL ‘estat trendplots, ltrends €24 1™ 4 9tk
‘estat trendplots'= 9} Zo] & t} I18Eth

AA| oM} A2 o] F IF 7t Bt WEL Ao|E IHCE AT 4= k.
o, ARFHAAAGBDE 002 AAste], 39 tiH] WEEo] duhd Zpo|7} QeA] B
olETh &, t AIF IF 7F AololA 399 IF 7 AlolE Wi 3H3<¥ diH| DID)o]tt.

. qui didregress (satis) (procedure), group(hospital) time(month)

. estat grangerplot

HIE IS o2t XA 23 22 o7 58 U JEEF DIDE 0188 59N Mzwe 2 _19



a8 1-4] 2& 2t a2l x10|

Effects over time, leads and lags with 95% Cls

. (S R

ﬁ(

T 392 002 43
Az AR 2

it

o] "ast EARQ} AFE7e, ARl satisE SHHESLE Sk, AT
Hu|H(gen trgrp = hospital < 18), € gu¥HS, 3¥S 7|1&02 5 ¥ >
o} X tu]HS4o] AoZARee APHs4g iy, HY guEsES EAHSE

Lokt SRS 5 AT = Uk

. * gen trgrp = hospital <= 18
. areg satis i.month c.trgrp#i(1 2 4/7).month, a(hospital) vce(cl hospital)

Linear regression, absorbing indicators Number of obs = 7,368
Absorbed variable: hospital No. of categories = 46
F(12, 45) = 94.68
Prob > F = 0.0000
R-squared = 0.5334
Adj R-squared = 0.5298
Root MSE = 0.7240

(Std. err. adjusted for 46 clusters in hospital)

Robust

satis | Coefficient std. err. t P>t} [95% conf. intervall]

month
February -.007044  .0263953 -0.27 0.791 -.0602068 .0461188
March .0335696 .0255925 1.31 0.196 -.0179764 .0851156
April .0187852 .0250623 0.75 0.457 -.0316927 .0692632
May -.0211152 .0269569 -0.78 0.438 -.0754092 .0331788
June .0091208 .0179016 0.51 0.613 -.026935 .0451766

20 _2025 MWHHSIL HEYT M7=}



July -.0203444  .0306266 -0.66 0.510 -.0820296 .0413407
month#
c.trgrp
January .027897 .035569 0.78 0.437 -.0437426 .0995367
February .0217322 .0380076 0.57 0.570 -.054819 .0982833
April .8228153  .0494933 16.62 0.000 .7231307 .9224999
May .9040498 .0469682 19.25 0.000 .8094511 .9986486
June .844724  .0608006 13.89 0.000 . 7222654 .9671826
July .8978885 .0511588 17.55 0.000 . 7948494 1.000928
_cons 3.433074 .0198449 173.00 0.000 3.393104 3.473044

9] A3t AS52EFES] AlG 83 (Marchs 0)3 A=77he Jd02 HASH
Zlo] 9] estat grangerplot® & 18 TIFo|}.

AEAZ] FAIZE LAl st & off ] Cestat grangerplot’ A} 71
oA 1~299] 95% AFE7to] 0L EF=XE JH=E £ IBHoz HAst
L ukxlo] gl g9t} ol o AdWslA AAs A sobd 9 ¥ T ‘testparm

c.trgrp#i(1 2).month’ 24 FAAS s 4= 9t}

. testparm i(1 2).month#c.trgrp

( 1) 1b.month#c.trgrp = 0
( 2) 2.month#c.trgrp = 0

F( 2, 45)
Prob > F

0.33
0.7240

9 Aol oJstd 1, 2, 39 & 7 B AHRgo] o7t BE FUsits AR
Jpdo] 712ksiA] epec.

71 Qo] Stata®] ‘estat ptrends HHES ARRSI=
HRe} o], ASE SE5H,R Sk, XA tuHSe, dd g

&, 393 QA A5 A)7] 2z s A2
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. qui didregress (satis) (procedure), group(hospital) time(month)
. estat ptrends

Parallel-trends test (pretreatment time period)
HO: Linear trends are parallel

F(1, 45)
Prob > F

0.55
0.4615

. * gen trgrp = hospital <= 18
. gen post = month >= 4

. areg satis procedure i.month c.trgrp#i.post#c.month, a(hospital) vce(cl
hospital)

Linear regression, absorbing indicators Number of obs = 7,368
Absorbed variable: hospital No. of categories = 46
F(9, 45) = 108.52
Prob > F = 0.0000
R-squared = 0.5333
Adj R-squared = 0.5299
Root MSE = 0.7239

(Std. err. adjusted for 46 clusters in hospital)

Robust
satis | Coefficient std. err. t P>t} [95% conf. interval]
procedure .7335747  .0889648 8.25 0.000 .5543904 .912759
month
February -.0041014 .0213625 -0.19 0.849 -.0471278 .038925
March .0329811 .025794 1.28 0.208 -.0189706 .0849328
April .0111939  .0228129 0.49 0.626 -.0347537 .0571415
May -.0018237 .024343 -0.07 0.941 -.050853 .0472057
June -.0031572 .018866 -0.17 0.868 -.0411554 .0348409
July -.0174126  .0264658 -0.66 0.514 -.0707175 .0358924
post#
c.trgrp#
c.month
(/] -.0132409 .017828 -0.74 0.462 -.0491483 .0226665
1 .0165894 .0136868 1.21  0.232 -.0109772 .044156
_cons 3.450181 .@125937 273.96 0.000 3.424816 3.475546

4l AKHAZZE APFA7F A2 SAE el FLotthe AP A7 A
2 0.55, pgh2 0.46150|8, APAFA7E SUstthe AF7HES 712 A] Y=tt. o]e}
A= T WA areg 3]FHOA 0.post#c.trgrp#c.month G FAS FHZko]
-.013240991 )9] Ax}e} SUsttt. F BA= t A9 Agt 5LobH, AA= -0.74
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o] A& 0.5501H. pgt2 F+ AelA Mz FLsith

FolA ARgSH= APAAIZ] BRFA A7 ol thsiAl= Roth (2022)9] AHo]
123 4 ATk Roth (2022)9] Table 10 [¢9] g, 2% AF7Hd A4 p4h,
FFARFNAMY |l Fol =] Art. Roth (2022)9] BEo] oJshd A7t HE
127] =& & 57he N8 fe8E =9fokal, 1 & VN =22 29 pats ol8s
Aok, oY =22 IS Al4FoR dEshe S ARSI 3.

. ﬁﬂ

£ e r_*_ il

3. == 712 Xt=0lM TWFESL DID

717 A7 QL o AojA] didregress(aregsy) T xtdidregress(xtreg, fe
H)E ol-8sto] DIDIY sfgol= gt AATju], 717telw] 9 2FTnlof| tiste] 319
O BN Fol= A HollAl Eokth T17lH 7|7to] B0l 2717t DID7} AR v
% Sk g So] %o] hospdd A2e] A9AY A ol 37 7Izto] AT A

o2 47] 7Izto] QoW F 3x4 = 127§9] 27|32t DID7} HLefxich.17) o] ¢ O]F;:
127§ DID %7} didregress T xtdidregress=4] 13t 17]9] AW a3} 747k
0111 ?_}7;“7]— 01.‘:]] O]'O]'EJ: 7-]0] L h /\2-19] E_XJO]L‘}

A 7P St 7=3 AE BAL 270 8 = 1, 003 3717Ht = 0, 1, 2)o] 3
ok OIF 12 AXTelH, 1, 2717F AA] AHlelth. I1F 02 AXE & l LUTHEA
). A2 Huld4: D g=10]al t>10]H 1g& 71 187 ¢FoH 0z 7HIch
I 19l= #,789] 7iRle] A3 T1F 09l 7,89 7H°] 2™ n=n, +n,°lt}. 7}
So| B AEEE dgdAmrt oAl skl sAMSE vkl shak
#@HEolA 717F E A HulHeEs Zdelal SAshke A2 SEF AT W ¥

Ql

g Folol OLSE She A3t BUset. D o] P Wk o wAE To7] 949}
A8 DS B TokE, JHZ el 2/30ln FAZF el 0ol D 7]
W WIS AR RElE 0 AR 717}011— @y =m/noleh. WA BEE

(2n,)/ (3n) = (2/3)a,°ltt. 18" 7§AE=E D] 3F Xt u%x]-(D)L thea} 7o),

AR BAR (2/3)a,
AFAZE BAZ —ay + (2/3)ay =— (1/3)a,

17) 193} 49, ..., 199} 79, 299} 49, ..., 299} 79, 399} 44, .., 397} 7¢ 5 127)] DID7} 71531t

HIE IS 2t XX 23 22 o7 58 U JEEF DIDE 0188 59N Mzwe 2E_23



WL —2/3+(2/3)a; =— (2/3)1—a,) =— (2/3)e,
]i" 172/3*4’1 <2/3>a’1:<1/3><1*al>:(1/3>ao

_l_g_l_4

&, ¢y =1-¢,°th. HF TWFE 3432 D, 7,9 $AE D0, A= te 3
I gt A= AL B, o, 7h 9159 t7] Bt vgolet € o, theol "ok

”0(2/3)a’1ﬂ00 - (1/3)&1(740#01 +7’Z0ﬂ02) _nl(z/?’)aoﬂlo + (1/3)510(”1#11 +”1ﬂ12)
o, (1/3)a,

TWFE=

1
*(/"11 +/112)

1
:/100_5(/‘01"'#02) —wyt 2

= % {[(/4‘11 _/110) - (#01 _/"()0)] + [(#12 _/"10) - (ﬂoz _#00)]}

thAl stel TWEEL: 07]9} 178 AM83He DID 3%} 0719 2718 AMgaHs
DID 49| 4kegolr.

Qo= A7) 170, ARB7Izbo] 27091 A9l Hhsle] SatoR masige
o ol |e st A @ ABTIE 57t QubAel Aol SUT W] 4
stk b o AMIZIRE 37, A1 27090 A9E Tefatt,

N =

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
(Written by R. )

4. . xtset countyreal year
. Panel variable: countyreal (strongly balanced)

Time variable: year, 2003 to 2007
Delta: 1 unit

[l N o))

10. . keep if inlist(first_treat, 2006, 0)
11. (755 observations deleted)

13. . * pretreatment: 2003-2005, posttreatment: 2006-2007
14. . gen d = treat & year >= first_treat

16. . xtreg lemp d i.year, fe vce(r)

18. Fixed-effects (within) regression Number of obs = 1,745
19. Group variable: countyreal Number of groups = 349
21. R-squared: Obs per group:

22. Within = 0.0411 min = 5
23. Between = 0.0377 avg = 5.0
24. Overall = 0.0000 max = 5

24 2025 MWHHSI} HEYT MEGpuH=sg)



26. F(5, 348) = 15.37
27. corr(u_i, Xb) = -0.0213 Prob > F = 0.0000
29. (Std. err. adjusted for 349 clusters in countyreal)
30.

31. Robust

32. lemp | Coefficient std. err. t P>it} [95% conf. interval]
33.

34. d -.02257 .0208479 -1.08 0.280 -.0635737 .0184336
35.

36. year

37. 2004 -.0618827 .009023 -6.86 0.000 -.0796292 -.0441363
38. 2005 -.0493896 .009836 -5.02 0.000 -.0687351 -.0300441
39. 2006 -.0132415 .0142195 -0.93 0.352 -.0412085 .0147255
40. 2007 .0047965 .014286 0.34 0.737 -.0233012 .0328942
41.

42. _cons 5.760001 .007875 731.43 0.000 5.744513 5.77549
43.

44. sigma_u 1.5012549

45. sigma_e .14237791

46. rho .99108569  (fraction of variance due to u_i)

47.

49. . mat 1 e(b)
51. e(b)[1,7]

52. 2003b. 2004. 2005. 2006. 2007.
53. d year year year year year
54. y1 -.02257005 0 -.06188273 -.04938958 -.01324151 .00479649
56.

57. cons

58. yl 5.7600012

glo]El= 2003-20073 g dojejo|x l%% 20044¢ x%zl WA 1, 2006
| AX] A IF, 20079 A2 A 1F A L FEFEL, 200699 A2
7F A 1EF vAA] 255 @] YA Xl—%t}(mﬁg). T13¥ AXw2 2006
W I5F, dR22 vjHA] 2E0] Hal, ARAAI7]E 2003~2005WGH AX), ARFAl7]
L 2006~20079(27] @ix)olc}. o] zpzo] TWFES 2-8(163)5tH =47 34389
-.022570]1, 4224 ol g Aej7HA] FAHE 5489] -.022570050]c}.

o] GloJE{(ARFHAI7] 37K, AREAI7] 27H)§PrEi & 4= Sl 2x2 DIDY 5= F
67§olt}. 2712k 23R DID FAHHES Fold o3t gt

)Jl _[l)j(

.1l

]

rr

1. . mat did = 1(3,2,.)

3. . forv s=2003/2005 {
4. 2. forv t=2006/2007 {

$e
AN}
ol
Al
=)
|w)
ufn
0o
ron
ofm
ne
1
o
rd
I
[e]
N
Hm
N
ol

H1E Mg ooRzE MR 22 A7 S



5 3. *qui areg satis procedure i.month if inlist(month, “s',
Tt ), a(hospital) vce(cl hospital)

6. qui xtreg lemp d i.year if inlist(year, “s', “t'), fe vce(r)
7. 4. mat b = e(b)

8. 5. mat did[ ="s'-2002',"="t'-2005'] = b[1,1]

9. 6. }

10 7.}

12. . mat 1 did

14. did[3,2]

15. cl c2
16. r1 -.00082531 -.03745518

17. r2 -.00734543 -.04397529
18. r3 -.00459461 -.04122447

Pl “did' 2= 3x2 Y-l DID F4gkEe] A= et did FE9] 374 3
(r1, r2, 3)& AFHAES 2003, 2004, 2005H 02 & WS zkz Yehfa 27] H(cl,
c2)& AFAEE 2006, 2007HC& 3 fjE vehdith. o] 67 DID FAgE9] A
EWTFS thedt 2k

. mata: mean(vec(st_matrix("did")))
-.0225700476

A5 ol oA A2|71A] BEEEE g2 oA TWFER 3t gkt 445] 5
5}1:} FIHIARGRA AlEo] 7153k AR)e] AS- TWEFE: 7Fs3dF »E 2x2 DID

#=9 Ak FAsitt
uﬂﬂx}iﬂ oFYAWlE S0 U9 hospdd) B dA=SI - vt} EiE
7|7} @&t o] SAl0] O“?Iﬂ OS5 AYsHA] goy 1 Ffol= o ILT FAZeIY
TWFE 242k 2x2 DID 2A4E0] 7f2mFo s FHEET /s 23 2(-)o]
E7] F=rHoly B th AR 7F A0 o]FojAH IFE-AI7ER ﬂﬂrﬂ 3ol
SteZte Hudae 42 4F9 7I8d AXANE S FEE 40| B
et}

S0l 9loH v il Y- XBE AREalto] §i9} AR Waloz 235t 4 9l

|

&
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St
=y

[2E] LMol FL

1

=—T,+1,-,07k= MX| O™ 712t t=1,... 7,2 XX| 0| 7|Zt0|2} SERL 270 1E0| UCH; =1.0).
=12 XMAlZ, j=02 SHZOIC}. »,E jO5 t/| J—'.:fiﬂ-’rk-af 3Rt D, 2 %“E'J@ HAet jOE t7|
R Eﬂﬂltﬂﬁr SIRL a3H RE M n,D, +n,D, =00ICh  COjEHA  FERf| EXi=
Dty g, Dyt @ SHRIH| 0 SAIS 0131H O n,, D, (1, — 1) 2 SHOIC ERIK| 18
olH,
;Jnl,bn (1, — 1107 +5;0n151~)13(ﬂ13 — )

Z Dy,
(>0

8= Z 37 J;fooli i=19 &% anles :_Z”u
< >

6="

t=—T s

0
B, =000 s < 02 0 7, <000% FEUS U121 20| HHEL
0=3 (s, =)= L qs(ﬂlcﬂw
>0 s<0

S p =n,D,/den >0, g =—n, D, /den >0, den2 9| 201, Y p = ‘20%7} SESIC 5,2t ¢

t>0
Hopi| ZeholH Hgnt 20| HaiEt

212t
0= Z Z w [y, = 16,) = (= 1)1, wy =0

s=0t>0
w7t HEF00F & 242 Z4249] 12F sO|A Zw =1, Zw =q0l2k= X0, %t ¢/t 2% HIS
0|22 HIZ w, 7t EXMtThw, HZOlIM sy 1I of gt OE“”71|°I 2ol = ﬁfi Ol 2%+ ol &
SEESERH Zg ASEEE HO=2 FFoks A0 SN, 71 7HHet U-2 b p, 2 HIEO
et ¢ 2 220l w, & Fdots A, & w, =qp /(0 ++p,) 2 BHOlE AO2NM, HEH =-S
JFgot= it RAIL). &, HO|#Es FEH2 2x2 DID FHYE9| 71580\l JI5kl= 2% HIg
O|ct.
4, 24

o] Hoflxi= Ax|Fol thet AX|7} FAlo AE e BHE AHEIT 2717t Hlo]
Elghd o shte] 2x2 DID7} 7hssitt. B4=9] AA] o] 7|3ko] Qo™ ARIALZ] 3
PFA Y RE HAd & &+ Ao B AR H ARSIl EAjsHE
T, x Ty719] 2x2 DID7} =&=a(d, 7,2 A7 s, 702 A1 A9, &
AR o g ARRSh= ek tiu¥<S: 37 (didregress, xtdidregress, areg, xtreg %

ol8)= olF B9 DID FHHE tigt 429 7B 349 £ A7t &
Alo] o]Fold wf ()] 7R BAls WASHA] Fow, wabA siA EA7E of7|=
A perk
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7t Mol MEIH Ql(Staggered Adoption)

oA 2o et X7 BAIo] A8 A4S AMugiTh 2 Aol
Hao] RE Aol A BAlo] AYHA) BT UM AR B9S AwEct. o
& 3ol o] 54 A3} HAH 189 Hol7} o So AAHo] Uk He| 1
MoPEE A% HelEd0) gol Z1AEe] ek
(B 1-1) Mol SA| BT} MK Mol of
(a) Al X (b) HZIX Mg

D JE A JE B Jg C D gA JE B Jg C

t=1 0 0 0 t=1 0 0 0

t=2 0 0 0 t=2 0 0 0

t=3 1 1 0 t=3 1 0 0

t=4 1 1 0 t=4 1 1 0

t=5 1 1 0 t=5 1 1 0
F1 (@ollA 15 A9 B Ao AA7F ARt g, (b)ollAE 1F A9 1F B7E B4 18- W]

ARk Aldo] That.
Az AR 2

9 B (1) 54 489 A9 ANF A% BE BE 37|58 A7} o] 20X 1
C EAZolt. (b) A4 480 Aol 1 AL 37158 A7 olRojAL} 1
& B 47188 AHA7} o]RojXtt. IF Ce 57‘1]‘7‘0]‘:]'

Halo] $Al0] 4854 gu BUAOE HGHL 49 PPy Huins st
TWFE] Eo]ﬂ A WA 2 9k o] BAS BHOAS 208 A2A A

T ‘ZA% v Z(forbidden comparison) & gttt o] AojA= o] &(-)9] 71EX] &
AE gttt —«] 7V 2AIE sidste thfet AleEel deiA= o 1I7olA
At 2 Z9 =9ox= g Hlo|gr} 7H&olgt 7Rt
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=AY HE UHE, Stata W7]4], o]5= 0|81t
A a7ttt WHEED Stata W7]A|of HsfAle o A

v 231 71235te] de Chaisemartin and D'Haultfoeuille(2020, CH), Callaway
and Sant’Anna(2021, CS), Goodman-Bacon(2021), Sun and Abraham(2021,
SA), Athey et al.(2021), Bai and Ng(2021), Callaway and Karami(2022),
Wooldridge(2023), Rambachan and Roth(2023), Borusyak et al(2024, BJS) So]
At

2) Stata IH7|X|

Stata #7|A 2 thF th3o] At} csdid(CS 2021), jwdid(Wooldridge 2021),
eventstudyinteract(SA 2021), did_multiplegt(CH 2020), TwoWayFEWeights(CH
2020), xtevent(FH 2019), ddtiming(G-B 2021), flexpaneldid(D 2020), did_
imputation(BJS 2024), honestdid(RR 2023). o] % csdid7} @] AF_-%|H, Stata 18
0]% WA= csdide} jwdidE BF A¥sk= hdidregress@} xthdidregress Ho]
Azt

Brynjolfsson, Li, and Raymond(2025)%= BJS, CH, CS, SA(eventstudyinteract)2]
HES ol&sto] Y Al H29] TQlo] kgAte] Aol w|A|= JFE ST
t}. Kim(2025)= BJS9] ®HS ol-8sto] A2 HxF =9 AZol|A] -gjuate] &
4] FFo] YL sHAFFHE A IS STt 9AFL(2025)2 SAQ
S 85 Het Aol A9asy) 180 vjAe FFE 2T HE71- A

ol-gsto] T AR TAA AH B siA] HFo] -2t

Ay}

£(2025)2 CS9] 1Y

mlo

18) o] 443} fisto] FESFATY B WAL Egol ARt

H1E IS 2t XA 23 22 o7 58 U JEEF DIDE 0188 59N Mzwe 2E_29
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ru

i

FEA ] v JgFS B4 A (2025)= CS9 WS of-8ot] &
HEFA Zfdo gk AR Ade] Mg 5 FFg2e A= o :
Horton et al.(2024)2 n]=+ XA oHGeorgia)F2] 337l 7}-E]7} 1999 X ¥ 2008
/\PO] of ARAE T &AH0E =P AN AR 52 Ao FH7HE | nlA|
GRS CSet SAQ] HIHE o]85la] BASIth Borusyak et al.(2024)2 AFAIEL

HIH S o]835}0] 20084l w=9] A7]|HF A2 3Ht(tax rebates) Ao IS A

A3t} Lee et al.(2024)2 CS9| W& o]&sto] F37]¢ o|xlo] 8ol n|A]= F
S F43itt Kong and Liu(2024)}—‘— BJS, CH, CS, SA9] ®}HE o83l T5¢
QAP0 FRY A 2 F gl vjA= FFS A3 Nguyen et al.
(2024)2 BJS9] WS o]&sto] HAlote] 7|FE gt AR 71 F4] FAE
gt G35 FAgt J25(2024)= CS9] WS of&ato] Fx2A A YA Ho] 7]
do] AAHAO] mxE P =Asith. Cloud, HeB, Kasinger(2023)= BJS
(did_imputation), CS(csdid)?] H*H& o]&3flo] As AFEQ LQlo] WEALTILI]
X & 3RS 343} East et al.(2023)2 CS(csdid)9] WS o]-&sto] oldl th:
dFo] oyl 9 mix ARIEAEY] & dgel PR FRFE FH Liu et
al.(2023)2 BJS, CH, CS, SAQ] HH &L o] &5to] EXASH /o] A 7+ &=}
E o]=3} HAAPAA o nAE Pk =35Itk McMichael(2023)2 BJS, CS9] v
< olgsto] 9r FAo] A AFGE "X S 793t Zhang(2023)2
BJS(did_imputation)9] ®H-E o]-8sto] ¥kl o] FAH32; 7199 Sa4Ee] vl
A FFE 747t 18- A541(2023) CSo] WS o8ato] F 40417 =24
oF 3 5241 LEASTHA =0l ZEARS] 43 A TS| v JFE FF%Th
Autor et al.(2022)2 SA(eventstudyinteract)?] H'HE o]83lo] FojHgmg T
(Paycheck Protection Program)o| AR 7]9] 11-80f u]z J3FS 2743t} Biasi
and Sarsons(2022)= BJS, RR, SAQ] HHE o]835fo] 8-AAZA| £o] AE A=A
2ol v FRFE FAotL /S ERIgitt. Boone et al.(2022)& CHO HHE ©]
&oto] mAR|A oo A AR|ATE S50 MY W Slro] mlRl JFE AR
t}. Braghieri et al.(2022)& BJS(did_imputation), CH(did_multiplegt), CS(csdid),
SA(eventstudyinteract)?] B o]83lo] AAdu|tjoi7} FAAR H|A= I3RS
24351t} Fang and Zhu(2022)= BJSQ] HHE 0] &5}o] o 7jA4 Lz J5o] ofs
I HAA9] A5 E A7l wX= JFS 93t Ortega(2023)= BJS, CS9
WS o]-&5to] Medicaid gHgo] gAfH|A o]-&of w|Z I STt R3] -Ht
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F2(2025)9] VA= ARES] AA7E AA= ] Ak

2. BX 2%E Y| TWFE Fduat 2HE 22X

AA A 0] AX|1E 7tell Aol W TWFES] EA1%e] thsfiAli= de Chaisemartin
and D’Haultfoeuille(2020)0] 7kekst m o] skl A5t Goodman-Bacon
(2021)0] Lutstsdtt. Sun and Abraham(2021)2 ATHAIZHZE R Al AJ-T] A|
2t 7 A)E EAo)A AT 5= Qe EAFEC telAl =gttt FRo] FA =Yt
A" TWEE A= 712402 2y Q4 (misspecification) EAolch. 247
3ol OLS & W= 289 = 4 HFe EA7E HAsk=tl, %14 A
A Ao A= o] HFY ded Frrt 55| A HIAA ko] FHPFA
7HgstollA 1 wao] ()9 7FeAlol| 710ske A& &I 4= 9tk ofstollAl= A
de Chaisemartin and D Haultfoeuille(2020)9] =&-& Al X 11 Goodman-Bacon
(2021)9] g4 4 ole} & E Stata H¥, 183 Sun and Abraham(2021)9] +=9]oj
tisto] Attt

o)

7}. de Chaisemartin and D’Haultfoeuille(2020, CH)2| Of

CH(2020)9] ofloflA] d2jsl= sid wlolEl= 271 2, 371 7IRte& o]FojA gle
o, DAAZEZ gt 25 10] =19 |A HAE I JIF 27F U] =200 AAE
Rttt o) <3 1-2) FA o= AAHUD)E EAISH thedt Zth

(& 1-2) CH(2020) OiloflA &x|cHO]

D g1 g 2
t=0 0 0
t=1 1 0
t=2 1 1

g CH(2020) =59 W8S ®2 HA|. u¥A(never-treated) 152 L.

glole] 727} o]#& wf TWFE 3] (xtreg y d i.year, fe vce(r)E ot AHA|Hu]
B0 AG7} RS $451=A]7} CH(2020) =2of AAEo] Ut} 48L, ¢, 8 ;1

= 1‘7] o @jiﬂ(fﬁ = #]1'[*#(;,})‘1]' ey [q17 IWFE= <1/2)T11 + (1/2><T11 —Tn +T22)
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£ F%thes AoIthCH, 2020, =EE %) AFEY] &2 1o1AwK1/2 + 1/2 -
1/2 +1/2 = 1), 3% -1/20] Aol =gl Fstet

[28] CH(2020)2] 2(-)2l 7t5%| =&

no 2 _ ~ ~
AOMSt DIEVIKZ BRE den=) Y D,D,0|1 EX= wm=) Y D, Y0tk H, D= D2EH

i=1t=0 i
UASIOZ WHS o0 76t MAO|CKD, =D, — D, —D,+D). D2 30| SLIE, SYUAI7| LKoY
Me BE ZUGI02 0[BIIME JHA-AIZIS LEHHS it HXIZ AKZSIK| 940 I2-AJIE LE=
it MAIZ AKSSICH 23 2AKs Ch20| =i

2 5 2
o p,E OS89 t7] NIt BAZOICE 2 -2 Y 2,0, =00|1 Z tH2 Y n,
Ot = 28200 tO0IM D, =—n,, D, 0|1, [RIA EXRHE

2

ym= l;]”lfl)lt (bt = 115,)
olct FHEMAM n, =»,011, D, t=00M —a/3, =101k 20,/3, t=201A —a,/30|CHTH,
a, =n,/n). Helof EH
0=ty = t130) +20 sty = 11,) = Pty — 115)
OIC}. 22(den)= (212/3)a,a,0192 0|2 U2IH p=—n, D /den = (n/3)a,/den=1/20| B}, 1 21}
0= (1/2)[(styy = 1131) = (g = 1150)] + (1/2) 11y, = 17) = (1, = 11,,)]
O] g&ettt. 2 &2 0712 1710 28 18 XMRIE, 18 28 SHC=Z ok= DIDe| ZEoll, 5
M &2 (1/2)[(ryy = 1115) = (g, — 1,12 ZOH, Ol= 17124 27|01 1IF 12 SHE, 18 25 XMAZ
OF Sl= DIDY ZFEolct, A Hmf DIDE A= & DIDO|L, & ¥ DID= 1712+ 27| ZI0M, &X|

JEO = OE 18 SHZCE MESHL M| HEVt 00N 12 HHt= OF 28 MAZCZ MESt
£ FE DID9OICE. DIMX| Al Bz i)l BAFMZE AT SIH, F 4, — 4, =y, — 15,0
gttt

K

319, 67} FHGIE 242 7 4 UTk w, =4[ <d+4, [ = 0|22, 9 ACZ8E ¢
b (1/2)r, +(1/2)(g), — 1, +1,,) 8 FHAS L o UL

N

= 19 AAaWt Be A7lo] SYsHH, & oy =0, @H TWFE= 0, 1,9

AeEEe 20 AT A AT S| BE oldHY 4 gl UukHel Aol

= e, &2 AA Ayt
£ g3o= 75t TWFE: 221 -0.58 F43ict
o] Al TWFE= IARH A7F obvw, A+t Alsfstalat sk 4%k

19) Kim and Lee (2019)% ©|E DID in reverse & 3ttt
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Lol HkgstAl Zot37] dizoll HAshks Aotk 0719 1718 ®lwshd, & 12
AR AJE7E 0914 12 RS T 29] AA| AHle WokA] gkttt I=2= DID
of Wizl A Hd J5F 29 SRl vlste] IF 19] S7kEol iAo o & A=
7t AR etz siddE. 1719 2718 wiashd 15 19 AR e ¥shA] o2 R/t
O 29 AA Al 0014 1= ¥eilnt. J2Es OF 19 S& v IF 29
SEY 2E20ME AR JEE FoA)A] ko) FAaw QlAH ol G2
8 DO HaP} 5 Al7jollet Yo = mAES Ego] AA=H 7] meolth
J-9 AHEIT} ¢, =0, 1, =1, 15, = 0202 AHEE, IF 19 17]91A 27129
S/t Dol ¥Mapr} glones gAayol Motz 7ked 559 o7t @ik 1A 1
& 19 17194 27|29 S7hE2 Altasz IgEnt. v &2 7|3kl IF 29 7
%ol= D7} 094 1= WabaA Yol Hsprt glenz SjAE43) DIDS| diztofA

a7t H()or FAEe Zlo] FAsith TWFEY 29| 7164 A= old4
P 22 7HSAZE B AAse Al

0.

o |r

i

BHA] 2 HgolA o] ddE WY

A B 2447 Aol sfideth
TWFES] #499E Oy 1-5=2 4

1-5)0Xe BgE BS B HAF7] A3l 11y =0, 11, =3, 1, = 022 A5}

Sl efstet

ok
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[23 1-5] TWFEQ| 29 7I5X| &%

Yit

i O O |
o | rl\‘ —
T T T T T T
0 1 2 0 1 2
year year
o i
ol
- — A IT
1 1=
| (il
= I
o [} 1 | =
A A
-
N N
T T T T T T
0 1 2 0 1 2
yedh year

A AR A4

(Og 1-59 # 282 7|78 S59HS 22 vUehdoh 92 OF 1, ARE2
15F 20|t} &o] A7 =P AAAZIE BRI &o] AR E2 EF2 AA
ol AIZ|E UERdh. 3 A3 A2 7HEe] m|AR] Autolrt. 374 7]7tol| 1F 19
7V BIAA Ak 42 1, 1, 103 AR ke 1, 1, 4olnh IF 29 7MY HIAA]
FIe} AA AT BT -1, -1, -lojth HXAIHATDE IF 19] AL 7, =0,
1, =3, 15 29 B 7, = 00|tk 49 182 TWFES s 4 7IAE B4
A4S e Uehdth o202 TWFES YaflAs 7|17 B2 Apdsfor st &
st Jdol= v, — v, 71708 Hoso] B AP R JAE] QAL $5F I1¥
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vi— v, 22 RE I 717 B AT gho] BAIEO] vk AAE Wty IRk
BotS ARetaA 27t g5l AHIF 19 27DED 2421 A F 19 1719
T 29 27)7F gorAlaL HtHog ()9 adrt FAEh

ojgiet 0|24 kEe RoUACEH HolEE A/gdste] ERls BEAL thZolM 1
# 12 t=10] HA7F o]Fold JFolaL, IF 2+ =29 AA7} o]Fofxl IFoltt. A
Aade I5 19 27]9 12 Fi, YHAe 25 0.22 0. 123 thadt go] b
olHE ATt

. clear all

. local nl 2000

. local n2 1000

. local n = "n1' + "n2'
. local T =3

. set seed 1

. set obs "="n'xT"'

Number of observations (_N) was 0,
now 9,000.

. gen id = ceil(_n/°T")
. by id, sort: gen year = _n-1
. xtset id year
Panel variable: id (strongly balanced)

Time variable: year, 0 to 2

Delta: 1 unit

.gengroup =1+ (id > “nl1")
. gen d = group==1 & year>=1 | group==2 & year>=2
. gen te = 0.2

. replace te = 1 if group==1 & year==2
(2,000 real changes made)

. gen y0 = (-1)"id * sqrt(id) + (-1)"year * sqrt(year) + rnormal()
. gen yl = y0 + te

. geny =y0

HIE IS o2t XA 23 22 o7 58 U JEEF DIDE 088 59N Mzwe 2= _35



. replace y = y1 if d
(5,000 real changes made)

9l glojgoA EEI7E n, = 2,000, n, = 1,0000]H, I=H-7|7P8 AR &7}9]
e 1, =12 AQslA BE 0.20]th IEE 07]9 1712 |83t DID:
ry = 0.25 F45tAL, 17]9F 2715 0|83 FHA DID' = 7y, —1y5 + 70 =— 0.6
Aot TWFEE 1 E9] ARe8w?l -0.28 4% 2o= oyl

AAE 0719} 17] A AHg3 €812 DIDE thgolld BE AAY 23087418
A Zgkel 0.29F SAFsih

ftlo

=
e

. xtreg y d i.year if year <= 1, fe vce(r)

Fixed-effects (within) regression Number of obs = 6,000
Group variable: id Number of groups = 3,000
R-squared: Obs per group:
Within = 0.2799 min = 2
Between = 0.0000 avg = 2.0
Overall = 0.0001 max = 2
F(2, 2999) = 579.23
corr(u_i, Xb) = -0.0001 Prob > F = 0.0000
(Std. err. adjusted for 3,000 clusters in id)
Robust
y | Coefficient std. err. t P>it| [95% conf. intervall]
d .2308741  .0566244 4.08 0.000 .1198474 .3419007
1l.year -1.050112 .0466555 -22.51 0.000 -1.141592 -.9586321
_cons .0231397  .0132236 1.75 0.080 -.0027885 .049068
sigma_u 38.729133
sigma_e 1.0242957
rho .99930101 (fraction of variance due to u_i)

1719} 27] A2E AFE3E “H73] DID'E TWFERZ 15hd thaat Zol] -.61520292
dom o] k2 olEA9] el -0.63 FAFSH
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. xtreg y d i.year if year >= 1, fe vce(r)

Fixed-effects (within) regression
Group variable: id

R-squared:
Within = 0.8154
Between = 0.0000
Overall = 0.0015

corr(u_i, Xb) = -0.0009

Number of obs = 6,000
Number of groups = 3,000
Obs per group:
min = 2
avg = 2.0
max = 2
F(2, 2999) = 6678.68
Prob > F = 0.0000

(Std. err. adjusted for 3,000 clusters in id)
Robust
y | Coefficient std. err. t P>t} [95% conf. interval]
d -.6152029 .0568193 -10.83 0.000 -.7266117 -.5037942
2.year 3.232677 .0319197 101.28 0.000 3.17009 3.295264
_cons -.4629211 .040591 -11.40 0.000 -.54251 -.3833321
sigma_u 38.755868
sigma_e 1.0234778
rho .99930309 (fraction of variance due to u_i)

opxjeko 2 A 7S ARE3H TWFE:=

el -0.29F fAktT

. xtreg y d i.year, fe vce(r)

Fixed-effects (within) regression
Group variable: id

R-squared:
Within = 0.6902
Between = 0.0000
Overall = 0.0011

corr(u_i, Xb) = -0.0001

o] £ A&HF

Number of obs = 9,000
Number of groups = 3,000
Obs per group:
min = 3
avg = 3.0
max = 3
F(3, 2999) = 4491.15
Prob > F = 0.0000

(Std. err. adjusted for 3,000 clusters in id)
Robust
y | Coefficient std. err. t P>it| [95% conf. intervall]
d -.1921644  .0494129 -3.89 0.000 -.289051 -.@952778
year
H1E 2 oIz x| 23 A2 97 58 Y JI5TF DIDE 0188 5uH Mz #e 37
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1 -.7680865 .043182 -17.79 0.000 -.8527559  -.6834171
2 2.323578  .0563443 41.24 0.000 2.2131 2.434055
_cons .0231397  .0156918 1.47 0.140 -.0076281 .0539076

sigma_u 38.74281
sigma_e 1.0428549
rho .99927598  (fraction of variance due to u_i)

Hﬂr

Lt. Goodman—Bacon(2021)

oro] CH(2020) ©
3l DID9] Hto] =
37

ol mAAITEe] et o] ¢ TWFE= 28KE DID9F F3]
33l DID7} ofn] AVl IEAES Hlatd o= stof
L9 7152 EAE WYAATE Goodman-Bacon(2021) w|AX]Z7HA] Q= Hit
QubA o] AFERS 13kt =79 Theorem 12 TWFE FA&o| 37FA] §39 2x2
DID +45E9] 7Is38dd9= & ‘:} 137K §382 () vAHAEE gxaos /\}
&5k= DID, (i) © 94 H2H 15 AXTLZE ARESHL T Yo AXH 15
202 ARESH= DID(UE9] 747(] T150] AA=7] old A7 AmE }%),
(ii) o Ugol A" 152 AXECR ARESt o WA HAH 15 R o=
AHESh= DID(EA AAH I2F0] AX=HL ¢ & =T ARg)olch20) ()3 (i) 73
oA A9l DE 0ofl4] 12 ®Wslotal tixt9] D& 00 RAI== vHd, (iii) F-3°l
A= ﬂﬂqﬂ D= 004 12 ®shslal tizt9] D(00] obd) 12 |-x"tt. of (iii)
f3@o] ‘FHH3 DID' O] sigoty v'o HPFA7F Ak 7HgstollA &(-)2] 7HEA|
EAE of7]sttt. Goodman-Bacon(2021)9] Theorem 12 37 §3of &351= Z+
2x2 DIDo]| tf-&sh= 7FeA = Al
2003~2007¥ fidxtz9] d& Eo] BA 15 g2004= 2004E0] HAAE, 15
g20062 2006¥o] AA|AE, TIF g20072 2007¢0] HAAE g0 v|xx| 1F0|

&

al,
E1)
=

20) ZE/1ZF YU AAE 3Fe] Y= A Wi AXE I5S dRFoz ARgske DIDE (i) /39 ¢
g B 2n 97 #8190 89 (ivE & E°W¥&mw4mm&%m$0h—%mthkmmﬁ%
o]& ¥x9] §3(‘Treated later vs always treated)0& ESslo] H3lTh
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ot} I89H 7F53F 2x2 DIDE AR RES &Aoo (1) g2004 vs g0, g2006 vs
g0, g2007 vs g0, (ii) g2004 vs g2006, g2004 vs g2007, g2006 vs g2007, (iii)
g2006 vs g2004, g2007 vs g2004, g2007 vs g20062] 9787} et ()3t (i)= A
2 = DIDo]x (i)} ‘F3l DID o]t}

StataollA] AHZA7|7F tifgt dolElE o]8sio] xtdidregressE SFH 1 ¥ estat
bdecomp®# Goodman-Bacon(2021) E812 7&3 4= 9k the Stata Z2¥E HAL2D

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
(Written by R. )

. xtset countyreal year
Panel variable: countyreal (strongly balanced)
Time variable: year, 2003 to 2007
Delta: 1 unit
. gen d = treat & year >= first_treat
. xtdidregress (lemp) (d), group(countyreal) time(year)

Treatment and time information

Time variable: year

Control: d=20
Treatment: d=1
Control Treatment
Group
countyreal 309 191
Time
Minimum 2003 2004
Maximum 2003 2007
Difference-in-differences regression Number of obs = 2,500

Data type: Longitudinal

21) o714 AM&%E HlofElolli= HE|7E A&} o]Ho] ofu] AX|7} o]Folz] IE(‘always treated)o] gtk
o] AX]%E 1Eo0] 9JoH estat bdecomp: ‘Treated later vs always treated & @& BEHE3|A g
ZESH) the-8 Goldring (2019)0] Al&35H= Goodman-Bacon (2021) A& AE & BASH= FT& d
Alolt}. o] F=E Aggsld 47 Aoz FAE At 2|ZEH Holt}.
use https://github.com/tgoldring/ddtiming/raw/main/nofault_divorce, clear
xtset state year
xtdidregress (asmrs) (treat), group(state) time(year)
estat bdecomp, graph
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(Std. err. adjusted for 500 clusters in countyreal)

Robust
lemp | Coefficient std. err. t P>it] [95% conf. intervall
ATET
d
(1 vs 0) -.0365489  .0132652 -2.76  0.006 -.0626114 -.0104865

Note: ATET estimate adjusted for panel effects and time effects.
Note: Treatment occurs at different times.

. estat bdecomp, graph

DID treatment-effect decomposition

ATET = -.0365489 Number of obs = 2,500
Number of groups = 500
Number of cohorts = 4
ATET decomposition summary ATET component Weight
Treated vs never treated -.0407397 0.862774
Treated earlier vs later -.01978382 0.083301
Treated later vs earlier .00460366 0.053924
Full ATET decomposition 2x2 coefficient Weight
Treated vs never treated
2004 vs never treated -.07974913 0.081780
2006 vs never treated -.02257005 0.245339
2007 vs never treated -.04310603 0.535656
Treated earlier vs later
2004 vs 2006 -.04560791 0.005293
2004 vs 2007 -.0910554 0.026003
2006 vs 2007 .01848038 0.052005
Treated later vs earlier
2006 vs 2004 .0542869 0.010586
2007 vs 2004 -.01960481 0.026003
2007 vs 2006 .01057545 0.017335

Note: Number of cohorts includes never treated.

Note: The ATET reported by xtdidregress is a weighted average of the ATET
components. If any component is substantially different from the ATET
reported by xtdidregress and the weight is large, consider accounting for
treatment-effect heterogeneity by using xthdidregress.
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[23 1-6] Goodman-Bacon decomposition

Difference-in-differences treatment-effect decomposition

054
*
A
3 07
Q
5 - "
o
A (0 . I, U
N
& -o051°* ‘
[ ]
*
-1
T T T T
0 2 4 6
Weight

® Treated vs never treated ¢ Treated earlier vs later
4 Treated later vs earlier

Am: A7 2

QoA xtdidregressi= TWFERF 5Lt 750 F4ZH2 -.03654890(t}. 9FAf
A%t 374 FF9 97 2x2 DID FE9UEd 7IAER &9t 237t estat
bdecompo] & AA|=c}h o] ZAF}oA ‘Treated vs never treated F-E-o] (i),
‘Treated earlier vs later’ F30] (i), "Treated later vs earlier’ ¥-£o0] (iii)o] 3
gttt <" 1-6)° 97F4] 2x2 DID F4#tE0] A= et 842 TWEFE 4
#4(-.0365489)°l] sfd3tct.

(i) “Treated vs never treated 9] 37}%] 2x2 DID &% ZAy}= ofga} o] &
2= Ity ‘2004 vs never treated 9] $X= g20049} g0 1E9] Ho|HE A5},
2006, 2007 IF= o]k FAFHA Agict.

. qui xtreg lemp d i.year if inlist(first, 2004, @), fe vce(r)

. di e(b)[1,1]
-.07974913

. qui xtreg lemp d i.year if inlist(first, 2006, @), fe vce(r)

. di e(b)[1,1]
-.02257005

. qui xtreg lemp d i.year if inlist(first, 2007, @), fe vce(r)

. di e(b)[1,1]
-.04310603
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(0N

A7} o ‘estat bdecomp’ 9] ‘Treated vs never treated A4 37] $%]
15k 3HQl5te}. the o2 (ii) ‘Treated earlier vs later' @] 37 2x2 DID
e oo} o] e Sk k. 2004 vs 2006 2] L0l 20049} g2006
IF AmE ARESHE g2006 15l AA|E7] o]l 20058749 BEAES AN
Stk YA E FARSHA Z2Eh

4

N
Q]

]

Nl

o, jﬁ4 o
o

rir

. qui xtreg lemp d i.year if inlist(first, 2004, 2006) & year < 2006, fe vce(r)

. di e(b)[1,1]
-.04560791

. qui xtreg lemp d i.year if inlist(first, 2004, 2007) & year < 2007, fe vce(r)

. di e(b)[1,1]
-.0910554

. qui xtreg lemp d i.year if inlist(first, 2006, 2007) & year < 2007, fe vce(r)

. di e(b)[1,1]
.01848038

oA7|HE FEEo] F9 ‘estat bdecomp oA YEEH 57 FYTE gt
upxjato 2 (iii) “Treated later vs earlier AA9] =L tfly}t Zo] ELsH Z,\—
t}. olgof|A 2006 vs 2004 9] Lo = g20049]r 82006 5] thafiA g2004 &
AA DL o]FQ] 20049 o] IAZAEZ ARSI YA E AR A2 Het

S 30

. qui xtreg lemp d i.year if inlist(first, 2004, 2006) & year >= 2004, fe vce(r)

. di e(b)[1,1]
.0542869

. qui xtreg lemp d i.year if inlist(first, 2004, 2007) & year >= 2004, fe vce(r)

. di e(b)[1,1]
-.01960481

. qui xtreg lemp d i.year if inlist(first, 2006, 2007) & year >= 2006, fe vce(r)

. di e(b)[1,1]
.01057545

9] 37} FEE U9 ‘estat bdecomp oA FEZEH =3}t 5Usich
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0]A49] ‘Goodman-Bacon £3f'= TWFE Z%gto] o]#|gt HHAlow B 4
22 ouetH, o|2RE 2 F2 A vlu(Treated later vs earlier)ol sgsh=
A5 Aotk A2 ottt FF9] &A1 A& WtoA] Hg AXFIE FHoH=
o 7oA At

T
Y

Ot ATHARME MRS Zetet TWFEMA 28 =H|

Sun and Abraham(2021, SA)& TWFE 2&oA 2] A& Ao zXHE 77t 2}
ol(relative time)d Tlu|HPES E39E B0 tisfA I sttt 9] mpdta.dta
A2l gen reltime = treat*(year-first_treat) 24 reltime ¥H4&E fHE1 ¢ A
A efu] tf4lof reltime® Hu|HsE o|-&sto] TWFES Sh= ZAolch. o, #E7]7F U
NA AX=A] k2 IF(g0)oll HafiAlE ZE HuHs9] & 002 5}, reltime =
-19] sFot= Er¥gE 7ol HERE A 2Rttt Stata® FHsHs Y22 HHS
relative timeo]] W&} Tm4, Tm3, Tm2, Tml, TpO, Tpl, Tp2, Tp3 Hu|HLES
Agstal(e, never treated 1H2 HE HulH49] Fho] 0) Tml& A|Qgt YmA] ¢

H[SES A ol

gen reltime = treat*(year-first_treat)
forv j=4(-1)1 {
gen Tm j' = treat*(reltime==-"j")

}
forv j=0/3 {
gen Tp j' = treat*(reltime=="j")

xtreg lemp Tm4-Tm2 Tp@-Tp3 i.year, fe vce(r)
o ZATE olsfi7} tha ofE 2 vt £

gen reltime = treat*(year-first_treat)+5
xtreg lemp c.treat#i(1/3 5/8).reltime i.year, fe vce(r)

9o A WA FOIA 55 T AL 24F glof 7] figelth
SAQO2D)] S5k, ol AT ATiAZiE HA) Hrlusg BYsT TWFES & 3
2 e o] At gol JejAliel sk DIDS & ofet ok Azl o
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Foh= DIDECIT &aHA Hct. 1 Azt AL rofl sigsks AX clu|#iso] A4
L g AAIZE 8 ol k= AtA]7ke] A X &ato] 9J5te] Q@ Y(contamination)
Hrh= Aol SA(2021) =%o] Aol Hpoltt. 53] AhAIZE AX| AT} Hu|Hs-ES
IAA TWFES & ff AP7IZE FRFA 71 7ol ARFAI7] A adte] osto]
e 4= 9long 99F -2 TWFE ﬂ-ﬂoﬂfﬂ Tm2 5 Hul¥so] AL Fxs}o]
BBTFAIE dAste A2 FAES 5 Aot sHAITE AR a3t o] @A d
A gIE Hgsto] 2o ]‘3H AR o] o (FHstAE) ol2idt &
7F BAYSHA] b=t

n°l'

of

olt

]

T =
s

l"_|.4
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7]
14

I‘E

]_
old
Al

=2 ?‘J 240j|A *é“éﬁi A X *éxé% g2 TWEE 3lA=MN 37
< S/RPEE AN ATt GedE
AHulE 2t 174 ks XWS?LJ— %Xé‘?:} o At 2ol Aldiz A
o olget EAZ7E DA et SAEACNA Bt oA Yo T
£ Agote A9AE B2 BAZL ARl dlg Sof guzle] 5% W
z = o

lol7l Qleolw A ateate 2367 %‘r% 1 £0)9 7EA7E AdEE

v o
rL19l =)
lol(l

oZ

o
ut
w2
S D

e

O
rlo g &
ogk
=

) AL 7%
ol 2slogr HQ 2 9l WHal FAJo|thFHE, 2024a, 2812 dlcty} 554%
o)z 14 2%).22 Hd 3|72 A4 59:} OLS 3]7¢} FE 3]A= Hast Atgolch(st
12

2, 2024b #%). Sun and Abraham(2021)2} Wooldridge(2021)7} A sH=o],
AGYES T BFS Atz A5 ol A= YA gtk 29 7
A ARl diet s o] @S Riste] RS A2 Ale+= Aol

T AollA= Adolgt Al7]efl 227} o] R X1 M| a7t IFE A7IE= Aold
T U= H= A HE| tiste] =93t =9lEs HHES IFAIZIEE A2
AL Aol o =T BYPS Alf= A 71EF R At

N o

Ay}

22) IR 51%“—‘1751‘2 ] Sto] @5t AR Bl Beolle vie 7RAIE o8t T BdE +
oz HE

Hoht, depel 3 = Hgen 6l S BAB 4 ger
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1= et

SN £ Al ¥z 110]
2 oA AR ZA HE A Ay AHo| tiste] =9ttt AR AREE
= A 374 © 2x2 DIDES A4s] Abeske Wy @ 7MY pIAA] AaE
FAbohs o R FEE ofslolAE ORfES HuHsH ol ot @HE I
SHIH o)zt shAltt
= 7%}01]/*1 Nols YHE2 BF 2x2 DIDE E= 119 fARRE At 7| %31
IFEE B3 = A7I7} ol BS B9 eE A4 w9 A A™ES “g-17]
2t QS 7|E(reference) 22 DIDE Yo, 1 F7g7Fo] AAHZ o] Q&
gz sfAE7] et 7Sl EEolA AU 1 7S IA o 37t
(i) Stable unit treatment value (SUTVA) 7FA3: 784 9] A3bHS(outcome
variable)7} ZFA10]] Qlglo] P3RS wry T2 AAEQ HX|A E|o] FRS HHA]
ethe 7R, AX A mFE wiAlHs 2ul7t QltkRoth et al., 2023)
9]9l9(potential outcome framework)oj]
2023). TS ¥, Ve dE =
Z35h=1|, o]
< 3 Jdel
CE

ARt e
=r,t AE 08 A 9 el o)
A A

A

[1e] Agahiso]

v) =

orrxoz ISIEItHRoth et al
a +Xt,8+6”94‘
A Lol 5
st z|20] TwHEslE ol
A% 32
L_O
P82 7iAlEo] A7k
kU

Ao =w SUTVA=
24 SUTVA Al3to] A E= Aolt}, o] 7}& o] YJuljE= AHS]
= ggl:]-_o/] A n] ] /‘Uroﬂ
se uj &5}
A =9 A 3t
(i) No-anticipation 7F: A& A 71719 A#pHsE= B4R A ApHS5e &
) AX7} A=A o
7H-& 7l
7]utsto] At

SRS HE= A), O]
7t gt
L oJu]7} 9ithRoth et al., 2023). ©]

e 7Hog, (FE9] E= vl A
=2 1A U= AL AU 4 UrHAbbring and van

ol

FS 7 U
vAL PES
S8

=5F gl
oo x

dofg Ao digf S 5= A, Al 7hssitEte 1 ol
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den Berg, 2003). No-anticipation 7F4L2 AHX| 837} &49] 7|FA|HS #x
A (-1 o2 Hgstes o ot 7eF o] 7Hyo] fuliE]o] 2|7} wAys)
71 A 717004 APzt 1 vjee] AR o JIFS o vkl e B¢
5] AR|7F AR A AA A AR ET o]& Ao R A olshe Ho
S &3] o] 7PYo] AHSIEE THE 4 cHBorusyak et al., 2024; Callaway
Snat'Anna 2021). 7F&ks] @Wslo] o] 7FHL g-17|2 7|1&0& 3+ DID &
o] BAARI ofulE H=5 off Fm, Tt o] ZPgo] fuE Ty BZETH A
A&A 7IEAIHE 1 o|do s At E dolth
P Al(parallel trends) 7F: o] 7P M3t BATLL vIXA] ZAA1d0t
Bt FA7F EO]—}‘:]' 7}14 O=%A, ®= DID 4 2% 3 Atavt=E sjA
‘V‘ o] "ot 1t 24| 7Hgo] BE71s WX W) o] Sfuf=
H o] X HL4ES 1—4.75—-11-6] ]O}Oq g S AES 4= Qi H|ES QRlo®
QIste] A7 Aol Aolls 8R1EFS At 4] siEdS Al 4= Ut
olste] =9loA 9 Al 7Hgo] BF HHITha 7HFSt @9 HE 202 FS A
oot n&F TS s SAISHH BIFAZE -t 7Pk, 8R1HE P 8%
TF(£,4)2 FHZ BPSA] 710 sl F97HA] it
ko] Hu|HsHI) ol HEHo R SolobA, Hu|H4Hol= de Chaisemartin and
D'Haultfoeuille(2020, 2024; CH), Callaway and Sant'Anna(2021, CS), Wooldridge
(2021), Sun and Abraham(2021, SA) So| dg] d&A 9)or, Stata j7|A 2 csdid,
jwdid, did_multiplegt, eventstudyinteract 5°] It} Statao] WA= hdidregress,
xthdidregress®= AME 7Fsdtth. ASHTHS HAA7]o] BEEHA] F2 HA|79] v°
£ FAloks Wolth. B4H o R ‘imputation (ASgt A Wele} sk, Callaway
and Karami(2023), Borusyak et al.(2024, BJS), Park(2025) 5-9] HlHo] 9Jc}. Stata
H7]X&2 BJS(2024)E 33t did_imputation©] Rt}

_4

(oW

o

1

N _l_h
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n

[©)

(iii) =

E oE..
.ll)l

1

=

rlo
ro,

| 23 23 Fste] 209 7A EA(E= FHHE DID' £A)
€ SfE8side s BF IFEAVIER Ee9 2x2 DIDES 9t & 1 34
ASS A8 o 7S ohe Aes 89F HEE 4 ok O 7 WHew
A, AAz 2x2 DIDES +¥5Hal 71582 7oheAl, ofdd FElsHl o483
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E2 & xzoboiA TWEFEE o]&sk=Aof Ao|7} AR, o] Aol FApAolct. tyt
ohkel B il HntiAde R A HEAEY AAI ZTHEFX W) A olA
£ FF Tt 2ozt et ofstoll A= €S(2021)9] Wt esdid #7]A], Wooldridge
(2021)9] ¥hH3t jwdid m7]#], SAQ2021)9] HPHil eventstudyinteract I7]A],
CH(2020, 2024) ¥PH3} did_multiplegt23E Q9Fst11, X Stata HA(18 0]$)9]
4] M9l hdidregress?} xthdidregresso] tslo] Agsict.

7t. Callaway and Sant’Anna(2021)

CS(2021)9] #HS o wit& Mdwold Ads] Hol= thefdt 2x2 DIDEE 39t
T 1% A48 Hol= DIDES #237|0] %50 758+t ok Aolth 7|17et 11
571 B2 A 385 2x2 DID7} ofF W & =, csdid 7|1A = 11 5 A
4| Hol:= DIDE= AEsto] AMGALA] HojErt

CS2021)& Hi= AZA2A EE27]7F Yol] AXE #A] g2 TF(never treated’)
I G AI-OIA oFA HAE WA g2 IFE(not yet treated )& ZH7 1E3ith
EAHS(X H)290) A A= [PW(inverse probability weighting), OR(output
regression), DR(doubly robust) 5-& 1#3HX W47} glod [PW, OR, DRE o}
3 Afe Qirh).25)

H I #5A]9] A3 X A B2 A2 A9 Aldoloh. vl et X A
Hol gt Agjo] o]FolAH thfgt 2x2 DID FA7E0] =&EEd], CS(2021)9
2 ol DID ¥ &4 vlnA7] ¥ thzxto] et 2x2 DIDEZ AlikelL, ole=
Hl-&(nonnegative) 7} 2 71580t YA (aggregate)oh= F4%HT} 1 #E 4}
AAHEE AAerE oheL csdid #7]A|(ssc install csdid2#] AX))E ARESH dA|S
&oto] &= AstaAt gtk X ¥ A off HES s Bisth

jus

o]

23) CHQ024)%= 48o] ol4lHo] ofd Wz shgsigion, H2 Mo did_multiplegt_dyne StatadlA
olg 7.

24) X 9471 AA0] Qe Wobii oF B EEolth 2E B4 £ o) | E4o] AgHH At
2ol

25) IPWe} DR 8180] 947} A=sle, %) 88o] 1o] 7798 Bu7t 00] 7PHRIAT 7537} o
AR 4 9loms, @40] BHoAL (DRo] o402 2B%A|ets) et Fopt Wasih ol E9
X glo] thee] X WSl Mol XX B2} Ghe i BAVH Sgshd, o] A9 A7t e 4
Sl TheRst Aol wel 2gte] JA) W 4 Slold E4lo] Al=iel Fo] 44 4 ek
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[£=2] OR, IPW, DR

JE(TSE)S 42 BAGIL IFSEQ Ax MXAZIE ¢2 H7[otH ZHHoICH 0] B7|HS AKZoiH
g—17l= MX| 2F AIZI0[CE CS (2021)= O] MA| XM A7|E 7|&EC2 MAGUES 6ICH20) ()
Outcome regression (OR) W2 X BSXISOIXMAE E= il AlZ[0] D=0Q! 2E H=X)S At
8510 -1 | & X2M O|Sots m,, (D) B8 FHEICL O08 B MRISHAT)E JI89 A
H y-v_ 0N m, (NS RS 2fQ] BRORM ATTE FHCL2) 07| m,,(DE FHE moj|
= HX(HIMR) HSXIE ABoK2, ATTE F& M| X= XMX| BEX[Q xgiolth OR FE2
m, (X) It SHIEA HHE0 QoW UX| FHFS MBS AOICE (i) OR LRO| m, , (NDEM
counterfactual S8 IS0 AFER0I HISHH, inverse probability weighting (IPW) 2¥2 11 Cf
A OE BEXSS MM v -v, |, WS ARSI Ol XMX| BEXSY X HEXSS X9 220
2t XESHA Hlw 7tSsl BEE0| F0{0F Sheml 1 Y X BEXI0 p, (0/1—p,(X]2DE Fol
Z= J0[Ch SESL logit, probit & MAESH HHOZ FHS £ US A0Ch IPW 2 p, (X)7}
M2 AHEOH AX| FHES MSSIT OIXZCZ doubly robust (DR) H#I2 0] 22 260
£ & olLt9 aHEte SHIEA HEECH UXFHES YTE of FLNT2HA 0150] doubly
robust). EAH Qs WAl DR FHOI| fshi= Ts 228 AXslk.

[22] FA g2 DR

Doubly robust (DR)Q| #2l= ZZX|2t &35 Robins, Rotnitzky, and Zhao (1994, JASA)7t X
202 MASIRCE. ALl BRE oM E(Y° | D=1)0|20| EXZe Y& TE0| HB=2 I T
G5t 7S] FEED, MX[Ze Y'E #50| HOE 7HHS| FHEC MXIZO 7R OIMR| gt v o
I E(Y | D=1)0| &5t DR M2 Robins et al (1994)2] 2|2 HE5l0 =58 4 ULt =X
o Yo W E(Y' | D=0)2 ATTO| AIBEX| P02 75 QT Q=0 HSICH & & Tt
0lal0ilMl= E(¥* 1 D=1)2| DR FEZS ol 2LCt,

oRF E(Y | D=1)=E(Y" | D=0)0[2}H MAIZQ Jr O|XZ| Mt BA2 SHZO T oot s
SlEE = FFY £ Aot J3E= 0| 40| HESHK| %= E¥/F APt . 0] ER
EY’ 1 D=1) FHO|A E2MOl 72 E(Y 1 XD=1)=E(Y’ | XxD=0)0|2k= Z0|C}. & X7t SA|
S MR SHZe HIME| Al gar7t SYSHHE A0ICh 0] 7P90| glo™ XMXIZe| ¥°of CHoHof
S5 It gl H0IEE F71EQ1 JREOIE S0 QIS StR| 22 counterfactual® F3
AM7E 27ksstl M2t MR ge| FHE =7ksottt. B Ay 1 XD=1)=E(Y’ | XD=0) 7tY
O &t X7t &0 M XMiZQ Y Hds SHZQ Y BHCERH {FH £ O
EY 1 XD)7t Do QESHK| =i 0] 7188 Eo0| mot S2oi2e KoM ‘Br SE(mean
independence) 7FE0[2t1E $ITt TR S 7PHSIMAM E(Y 1 XD=1)8 EY | NE B/ £
C.

AT A¥ote E(Y 1 X)0 THet 2SS my2t Stl, AD=11X0 UfEt 2¥S e 2t SiAL 12{H
MRIZO| JHf(counterfactual) OIMX| Mte] Wt (¥’ | D=1)9| DR FHI2 U231 &

o

26) FHz AAZAHAEC] ofet IFERE AAFHA7E 71E0RE =t

27) o] ML A Yo AWE imputation HHT S5k

28) o] A= ‘FEQ 947t ofdol & IPWeEks o|Fo] B A2, ATT7} obd ATES 8 f A%
AEL p,(NE WrI uAA] BSAEL 1-p, (N E o] BHES Z Wgsl=E 715318 23
7] gigoltt. ATTE 78 fe=(Fs2o= & o) A2 ASAET} iz ASAE0 BF p,(0E
SHA Eedl 1A AR BEH 9] 7SR 10]a WA ASAES 7MEAE b, (0/[1-p, (07}
£ Zojtk

L /CI ETRN T
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~ ” —D n
9(1’;'_ ! [Z)z 7 "l) l( :Zl)z
mi=1 —e ]
0] Z520| DROJ2K= 71% Sl HAL B | 0 HEFS w2 SHl AD=11X2] HRYS pyt
SRk 12|10 p=AD=1), p=n,/n0Rt BIK. H7t pQ UREHYAS KIHSICL O, () 4 m It &

HIZCHH(n, = 1,), o7 ZE S2IE AHRIO| C}SO0| ARIBICH
ElDny)

T Ho|= H2lof Wt E(Dey) = E(py | D=1)AD=1)0|C}. p,=E(Y’ | X)0|22 2 XK
Elpy | D=1)=EE(Y" | X) | D=1]0| EE=H B S8 7FHO=Z Q1B E(Y' I Y& EY | XxD=1)
o ZOO0F Hi=Emiol @Rl M2t EEY | X) | D=1]2 EY | D=11t ZH =t 0|Z8H
Elpy | D=1)=E(Y’ | D=1)8 =Lt E3t AD=1)=p0|22 FEHOZ g, — E(Y' | D=1)p7}
o ok ZUE Y=Lt (i) UEBE ¢/t SHIEH BN of =0 dRE HEEXL SHZO
USEE= A2 Y°, Z 1-DY=0-DY0|EZ, ey =p, U [, mJt HE ELIE HEUO| TS0
MElsict

~n 1—
00, — E[DF‘X+(1_7X ex(uy —py)|=

|.O

0

1=py
Dy +|—— 1. b
AN El(D-pm ] =02 HIEEAC HAS 0180610 =l £ of. J2hH 2
Elpyry) = ElE(D| X)E(Y | )] = E[E(DY’ | X)] = E(DY’) 0| I(OfX|2} SAI2 HH=2TA0| HX)) OFX|at
O2 EWDY)=EY' | D=1)p7t HO SA| Hol= ZFUE =0t Sant'Anna and Zhao (2020)Lf
Callaway and Sant'Anna (2021)2| DR FEFS2 0| DR FHI0I 7|26l =& 32 2 QlCt

[)H — E ﬁX(ﬂX mX E(PX#X +E[(D [)X)WlX] pXﬂX)

o]l A csdid T7]A](Rios-Avila et al, 2021)E o]-&3}o] CS(2021)9] HWHH9] +
T2 AAEA HolFuA gk HolEAle mpdta.dta®ZA] CSQ2021)0] AH8E A&
o] FEyeolt. o] Az 2003~2007 vl= county & HE Hlo|Ho|H IFL
2= 82004, 22006, 2007, g07F Ytk 7k 1EH9] A 2 HX A=E 9Jvlst
M g0 HE7|7F X7} A& A L& 2 Y(county)Eo]tHnever treated). ZL&HS
= 18529 2glemp)olH HAD)= HAUYF A offtolch FERE HAAF
QA7 =t Hole o] 29 #247]= FAIH R thadt Zot ojnf T
A= A2 it
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(& 1-3) mpdta.dta CIOJEJAl SX| 31X

D g2004 g2006 g2007 g0 nobs
t=2003 0 0 0 0 500
t=2004 1 0 0 0 500
t=2005 1 0 0 0 500
t=2006 1 1 0 0 500
t=2007 1 1 1 0 500

n 20 40 131 309 500
N = bn 100 200 655 1,645 2,500

A2 mpdia.dia 128 o] 83ko] A2} 24
StataolA] HolE1S Qo] 18 BEAS ATst theat Pt

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
)

(Written by R.

. tab year first_treat

first.treat
year 0 2004 2006 2007 Total
2003 309 20 40 131 500
2004 309 20 40 131 500
2005 309 20 40 131 500
2006 309 20 40 131 500
2007 309 20 40 131 500
Total 1,545 100 200 655 2,500

X o= ALE HA} Never Treated% jZFo® of=
csdid g A% dye= v Ztth o] Oﬂfﬂ‘: SEAS S(ivar 4, ¢
¥4 (time iloﬂ TRt FAo] AMGE A
orow fEER

E}O
2
[
icll
I
i
oR,
G
<
S
?;2
mlo
N
o,
S‘%
u)
l-N

never-treated”’} A=t}

. csdid lemp, ivar(countyreal) time(year) gvar(first_treat)

Difference-in-difference with Multiple Time Periods

Number of obs = 2,500

Outcome model : regression adjustment
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Treatment model: none

Coefficient Std. err. z P>z} [95% conf. interval]

g2004
t_2003_2004 -.0105032 .023251 -0.45 0.651 -.0560744 .0350679
t_2003_2005 -.0704232  .0309848 -2.27 0.023 -.1311522 -.0096941
t_2003_2006 -.1372587  .0364357 -3.77 0.000 -.2086713 -.0658461
t_2003_2007 -.1008114  .0343592 -2.93 0.003 -.1681542 -.0334685

g2006
t_2003_2004 .0065201 .0233268 0.28 0.780 -.0391996 .0522398
t_2004_2005 -.0027508 .0195586 -0.14 0.888 -.0410849 .0355833
t_2005_2006 -.0045946  .0177552 -0.26 0.796 -.0393942 .0302049
t_2005_2007 -.0412245 .0202292 -2.04 0.042 -.0808729 -.001576

g2007
t_2003_2004 .0305067 .0150336 2.03 0.042 .0010414 .0599719
t_2004_2005 -.0027259 .0163958 -0.17 0.868 -.0348611 .0294093
t_2005_2006 -.0310871  .0178775 -1.74 0.082 -.0661264 .0039522
t_2006_2007 -.0260544  .0166554 -1.56 0.118 -.0586985 .0065896

Control: Never Treated

See Callaway and Sant'Anna (2021) for details

9] AytoA g2004 EEL ¢2004 1E3} ‘Control’ & ‘Never Treated 1EE 0]
8sjof 4 2x2 DID ATHEE Hof ok, | W 2% YOI 12005 2004 2h
2 20039 AREAZ], 20049 ARRAZIR Sto] DIDE gt AifoltHHA|E
g2004 1%, YR g0 1I15). t_2003_2005%= 2003ELS AFAA]7], 20058 AFE
Al71&2 slo] DIDE $F Zxjolt} t 2003_2004¢ =Ust ZA3}= xtset county year
QIgnd treat & year )= first2% d H$LE YA Al xtreg lemp d
ear if inlist(year, 2003, 2004) & inlist(first, 2004, 0), fe vce(r) BHOo2ZH &
o] & 4= AUtk W4 FloA & 5= o] g2004 T1F] A9 AA Al 2003
S 71&02 3t 471 2x2 DIDE AAksit. g2006 152 20060l AA|7F AJZHE ]
2005¢0] AA] A AxQld], o] Bl AA o]d Al7ldls A Ax HjH|=
DIDE 5}31(2003-2004, 2004-2005), ##] ©o]F A]7]ol= 2005E2 7|2 & DID
£ F9H2005-2006, 2005-2007). 2007 1B UR7FAZ A3 o] Al7]o)&
7 dx oj] DIDE REEstal AX| o]& AJ7joll= 2] 2 A7]|(g—17]) HH] ¢7]
DIDE @ xZE3H}.29

1o

(s rnﬁ%

=

29) ol&l 4|02 2x2 DIDE T o] A4S =go] Tkl CS(2021) Rtk esdid w717 47t
Sof Wekd #02 Btk
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csdidE o5 2x2 DID ©]9Jo= 7} DID9|| Rojgj= 71552 AA|F o= ALk,
csdid7p Albolz 7HeAl= 24 5 W iAol HlEee ﬁoﬂfﬂb % 12719] DIDE
o] AXtENoH IFE /MAS= 20, 40, 1310|128 TMEAEL o] $:X|o] H]F sl
A 1o] Y=g AXtErh

. mat 1 e(b)
e(b)[1,24]
02004: g2004: g2004: g2004: g2006:
t_2003_2004 t_2003_2005 t_2003_2006 t_2003_2007 t_2003_2004
yl -.01050325 -.07042316 -.13725874 -.10081136 .00652011
g2006: g2006: g2006: g2007: g2007:
t_2004_2005 t_2005_2006 t_2005_2007 t_2003_2004 t_2004_2005
yl -.00275082 -.00459461 -.04122447 .03050666 -.00272589
92007: g2007: wot: wot: wgt:
t_2005_2006 t_2006_2007 w2004_2004 w2004_2005 w2004_2006
yl -.03108712 -.02605441 .02617801 .02617801 .02617801
wgt: wgt: wot: wgt: wgt:
Ww2004_2007 w2006_2004 w2006_2005 w2006_2006 w2006_2007
yl .02617801 .05235602 .05235602 .05235602 .05235602
wgt: wgt: wgt: wgt:

W2007_2004 w2007_2005 w2007_2006 w2007_2007
yl .17146597 .17146597 .17146597 .17146597

3R Y EEHE wet: JFo7F B2 0| 7FA0) sfFgitt. of7]= ool
£ "oz Eo] Ql&d|, w2004_w20040]4 9] 2004= g20045 oJm|slal FH9
2004= t_2003_20049] 2004Z 9Ju|gicth. g2004 1E9] 7EA= 2% 02617801,
g2006 159 7IEA= B% 05235602, g2007 159 7IEAE B% 1714659791

4], o]59] H|&2 AT {4 H|E, = 20:40:1317} FYsitE 20, 40, 131
4Q20+40+131)E U9 o]5 $X8 Attt

oA of2] 2x2 DIDEH 7IAIE AHEIT oA olF 7IAE AMEsta] AMG:
A7F At 2x2 DIDEY 7B +E 7€ o AUtk csdide= °lE 7158+ 5 A
B simple), 158 B (group), A|7|E & —E(calendar), AAZI(F 2 AR A-L
FHE Q] A7} Ko B (event) estat FHOZH Tt 2= Qe E g FJrHhelp
csdid postestimation E-2%9] Aggregamon subcommands’ A4 ZX). WA, A
A Bee TR

e

.|.:

=
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. qui csdid lemp, ivar(countyreal) time(year) gvar(first_treat)

. estat simple
Average Treatment Effect on Treated

Coefficient Std. err. z P>z} [95% conf. interval]

ATT -.0399513 .012034 -3.32 0.001 -.0635375 -.016365

272k 03995132 ¢~ 17147 &4 A7) dhe] R o] A7) BE ATTES] 7
Zugolct. 9 ool A= g20042] 20034 ¥l 47} 2k g20068] 20059 ThH] 27}
2k €20072) 20064 of#] 170 g 5 AA 770 gte] FHEH ol 7iEA 2 Bxe
1 71E0E AE3 o2 theat ol Bls) & 4 9ck.

. mata:

mata (type end to exit) —
: mata clear

function aggr(att,wgt,idx) {

> x = att[idx]
> w = wgt[idx]
> x*w' /sum(w")
>}

: b = st_matrix("e(b)")

att = b[1..12]
: wgt = b[13..24]
: (att',wgt")
1 2
1 -.0105032462 .0261780105
2 -.0704231581 .0261780105
3 -.1372587389 .0261780105
4 -.1008113631 .0261780105
5 .0065201124 0523560209
6 -.0027508188 .0523560209
7 -.004594607 .0523560209
8 -.0412244715 0523560209
9 .0305066556 .1714659686
10 -.0027258929 .1714659686
11 -.0310871194 .1714659686
12 -.0260544107 .1714659686
: end
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. * simple
. mata: aggr(att, wgt, (1,2,3,4,7,8,12))
-.0399512752

opR]ato] aggr AFEAEREE SESHHA 5, 6, 9, 10, 112 Adt 22 AX| oA
A719] dgstr] mEolct. EEex= SAH WHOoRE A AL
15 Bak(estat group) Tt Tt

. estat group
ATT by group

Coefficient Std. err. z P>z} [95% conf. interval]
GAverage | -.0310183 .0123872 -2.50 ©0.012  -.0552967 -.0067399
G2004 | -.0797491 .0263678  -3.02 0.002  -.1314291 -.0280692
G2006 | -.0229095 .0167033  -1.37 0.170  -.0556475  .0098284
G2007 | -.0260544 .0166554  -1.56 ©.118  -.0586985  .0065896
Aol 371 18(g2004, g2006, g2007)E= ALEA]7| DIDES] @4H#¥ o|E Fit
£9] 7158 (GAverage)o] Z|ZEE/] Qlt. & o g2006 :’-—E#ﬂ 73%- 20054

e 271 ATTO] ©egatdld o= o] &g -+ o

. * 2006
. mata: mean(att[7..8]")
-.0229095392

ey 5 9459 B (GAverage) 15 HdE5S 78T
ol 7 1% B#e] 7S AP 1] R2I7I0] Mg
odx g estat calendar)S ohea Zth,

&
o)
-0,
)

. estat calendar
ATT by Calendar Period

Coefficient Std. err. z P>z} [95% conf. interval]

B4 2025 MHHZI} HEYT MrGpaH=sT



CAverage -.0417004  .0159719 -2.61 0.009 .0730047 -.0103962

T2004 -.0105032 .023251 -0.45 0.651 -.0560744 .0350679
T2005 -.0704232  .0309848 -2.27 0.023 -.1311522  -.0096941
T2006 -.048816  .0201259 -2.43 0.015 -.0882619 -.00937
T2007 -.0370593  .0137471 -2.70  0.007 -.0640031 -.0101156

QoA T2004 3 S 22004 1E-2] 2003 ] 20048 ATTo]1(20040f=
82004 129 XA eo| &) T2005 i 3+ 2004 182 20034 thH] 20054
ATTO|tH20054ol = 2004 128t Hx|Atglolmg). 2006do= ¢2004 1=}
g2006 1E0] M4 eo|mE, T20060] thalo] B|ZEH -.0488162 2004 1E9]
20064 ATT®} 22006 159] 2006E ATTO] 7M2ggoz A thax} o] La|zich
ofFlollA (3, 7) QlElAL 2004 1E9] 20064 ATTS} g2006 1E29] 20061 ATTo|
Sfgetct.

. * year 2006
. mata: aggr(att, wgt, (3,7))
-.0488159843

02 Axd Pk olet fARE Wajog 18 4= Qi dlE o] T20079] 49

£ g2004, g2006, g2007 1E9] g A& 7FEEEAo|ER (4, 8, 12) UEUAE AL
ot Hr}

2 ZEH H(CAverage)2 AW HHE9] WO 2 A, ol estat simpleo]
A et 3k =

IFE AR AR AE 71 A7 E Bk event) o3t At

. estat event
ATT by Periods Before and After treatment
Event Study:Dynamic effects

Coefficient Std. err. z P>z} [95% conf. interval]

Pre_avg .0018283 .007657 0.24 0.811 -.0131791 .0168357
Post_avg -.0772398 .019965 -3.87 0.000 -.1163705 -.0381092
Tm3 .0305067 .0150336 2.03 0.042 .0010414 .0599719

Tm2 -.0005631 .0132916 -0.04 0.966 -.0266142 .0254881

H1E I CIZh MX| B3 &2 67 5% L JISEF DIDE 0183 59 v #E_bb



Tml -.0244587  .0142364 -1.72  0.086 -.0523616 .0034441
Tpo -.0199318 .0118264 -1.69 0.092 -.0431111 .0032474
Tpl -.0509574  .0168935 -3.02 0.003 -.084068 -.0178468
Tp2 -.1372587  .0364357 -3.77 0.000 -.2086713 -.0658461
Tp3 -.1008114  .0343592 -2.93 0.003 -.1681542  -.0334685

AollA TpO02 IFE=Z AR AR A7IE 9]“]3}51 Tpl2 AA o= A&, Tp2e
IS A% 52 9ottt Tml2 csdidoflA 43 A2 g-271¢F g-1715 1| wst
A0 Fololx, Tm2i g-3719} g-271% Hlmet oIt o). Tmiloleh,
82004 152 oigAkte] g, g2006 &2 29] csdidoflA] JZEH g2006 159
t_2004_2005, g2007 152 9] csdidofA] 2]ZEH g2007 159 t_2005_2006

o el ATTES 7150 uje} 71582 & Aolch ofeh Tmks} Tokie Ak
W0 csdido] ] HEEH $AES 77HE W0l FERE & Aol T Tm2
o} Tpl AplE Fxslet

. * event Tm2

. mata: aggr(att, wgt, (5,10))
-.0005630846

. *x event Tpl

. mata: aggr(att, wgt, (2,8))
-.0509573671

g2 EE APA77H} A7) 7 BiES(Pre_avg®} Post_ave)2 ZHzF Tmk 23y 15
3 Tpk 23 I5F9 4keBd<=olth
AA7] BPFA= estat pretrend FFo=H FHL 4= QU

. qui csdid lemp, ivar(countyreal) time(year) gvar(first_treat)
. estat pretrend
Pretrend Test. HO All Pre-treatment are equal to 0

chi2(5) = 7.7912
p-value = 0.1681

o] A AR 2x2 DIDS] St AEol BT Oolehs AT 4T
ok APHA7)O] dfigele A2 g2006 152 t 2003_2004, t_2004_20058F g2007

B6 _ 2025 MHEHSI} HEYT MG ET}



1E9] t_2003_2004, t_2004_2005, t_2005_20062.& H% 57fo|1 11 wjEo] 7}o]
Al BEY] A7} 50lt. 9] Aol pgte] 0.1681& AE= APAAZ|o] A2+
3} tf2H(Never Treated) 7t A7} BUsIch= AF7Hdo] 71Z4EA] Gha=tt.

Ag FEFES I-E AT & Yt} 9l E°] 82006 159 47) DID &
BUES IHoE FAT & 9=t Stata FHI A= o2} Lot

. qui csdid lemp, ivar(countyreal) time(year) gvar(first_treat)

. csdid_plot, g(2006)

[3& 1-7] g2006 182 H=H ATT

.05
L]
o-—————-—-—-- B -—————-—-— = s s
IZ Pre-treatment
< Post-treatment
L]
-.05
-1
T T T T
-2 -1 0 1

Periods to Treatment

g AR 2

9] 18L& csdid lemp, ivar(countyreal) time(year) gvar(first_treat) o] 2Js}
of AitEls Ag 3 AP d9o2 B AY Bolth =9 02
g2006 1F9] 20054 dr] 2000d(1d 7+4) DIDS] F4gta} Algztela T2
20059 =] 20074924 714) DIDO sfgstct. F%9] -1 20044 o] 20054
(14 7¥8)e] sfgdsta -2'= 200349 diH] 2004W(1d 7HA)e] dfgsto] 71E&A=ot
AlZEAto] SHoA Aol YloBE T5ShR| Tolof & Aot

ARAANH =R E O 7|1zt #E I8 that Atk csdid 4 & o
agglevent) F4-& ARESH relative time¥ 2 FAFEol Fstelo]v] csdid B
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o] Aol HRHUTHA estat eventZ FAT & F csdid_plot FHOZ IHS 17

Difference-in-difference with Multiple Time Periods

Number of obs = 2,500
Outcome model : regression adjustment
Treatment model: none

Coefficient Std. err. z P>|z| [95% conf. intervall]

Pre_avg .0018283 .007657 0.24 0.811 -.0131791 .0168357
Post_avg -.0772398 .019965 -3.87 0.000 -.1163705 -.0381092
Tm3 .0305067 .0150336 2.03 0.042 .0010414 .0599719

Tm2 -.0005631 .0132916 -0.04 0.966 -.0266142 .0254881

Tml -.0244587 .0142364 -1.72 0.086 -.0523616 .0034441

Tp@ -.0199318 .0118264 -1.69 0.092 -.0431111 .0032474

Tpl -.0509574  .0168935 -3.02 0.003 -.084068 -.0178468

Tp2 -.1372587  .0364357 -3.77 0.000 -.2086713 -.0658461

Tp3 -.1008114  .0343592 -2.93 0.003 -.1681542  -.0334685

Control: Never Treated

See Callaway and Sant'Anna (2021) for details

. csdid_plot
(O 1-8] Z= XMX| A™ CHH| MTHA|IZ|E ATT
.05
01— E-——-——--53-—-——-9% --———"—"——"——"——"—-———:
-.05 °
': Pre-treatment
< Post-treatment
-1 .
-.15-
-.2-
4 2 0 2 4

Periods to Treatment

Az A g
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14 B3] ojulel £2159] ojulo] Aol gone s A 2olE 7S

 gZ0] 32 Tm3& ula}i, ol g-47] o] g-37] DID (1 %

sk whe P20 2k g-17] o] g+27] DIDGY Fo)of sjslng ol

£ SA2 2RO AR 7i] Hlisks A glojof & Hojth. IPo wANH

AR 131 RlRgol g QWS W S ARAYIASAY) L ATA]
x4

HEE 542 A3t Csdld—E'— Agstd ARFA7IolE g-171(RA Aot 1S
HWSHL APAIZ] ol s-1719F 715 Hlstti (|, g I85E & A4 A3). long
A2 ARIAZ19) AIZE AARE BHEOIA g-1717F 4 idstes DIDE Akl

Difference-in-difference with Multiple Time Periods

Number of obs = 2,500
Outcome model : regression adjustment
Treatment model: none

Coefficient Std. err. z P>z} [95% conf. interval]
g2004
t_2003_2004 -.0105032 .023251 -0.45 0.651 -.0560744 .0350679
t_2003_2005 -.0704232  .0309848 -2.27 0.023 -.1311522 -.0096941
t_2003_2006 -.1372587  .0364357 -3.77 0.000 -.2086713 -.0658461
t_2003_2007 -.1008114  .0343592 -2.93 0.003 -.1681542 -.0334685
g2006
t_2003_2005 .0037693 .031342 0.12 0.904 -.05766 .0651985
t_2004_2005 -.0027508 .0195586 -0.14 0.888 -.0410849 .0355833
t_2005_2006 -.0045946  .0177552 -0.26 0.796 -.0393942 .0302049
t_2005_2007 -.0412245 .0202292 -2.04 0.042 -.0808729 -.001576
g2007
t_2003_2006 -.0033064 .0244519 -0.14 0.892 -.0512311 .0446184
t_2004_2006 -.033813  .0211292 -1.60 0.110 -.0752254 .0075994
t_2005_2006 -.0310871 .0178775 -1.74 0.082 -.0661264 .0039522
t_2006_2007 -.0260544  .0166554 -1.56 0.118 -.0586985 .0065896

Control: Never Treated

See Callaway and Sant'Anna (2021) for details
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§2004 TFLS B AS7|Zho|ni o] 499 Aol girk. elg Sol 2006 1
2 ARE717Ee] A9 2006W ATTRF 20079 ATT X% 200582 7|SA|H O 2 3ttt
Htd(long 4L & o)) AFA7]17H9] ALofl= 200304 2005E . 29] W3} 2004
ol 2005.020] wisle] sjdshs DID g Ak £2007 159 Aol A
HA7lols SAERRE 200609020] WSS 245t AFA7|ol 200610 23
tAERo] WEE 24 3, long §4E A8 B4 VI W] T galow
DIDE AAKsH

SFollA] long 4014 AFIAIZIE ‘g-17] H7] 7)o ek stdet. olAS s
7) W] g-17] 2 ulao] 7124 HE g-17]2 ELF Ao] long2 g4It} long2 &
A5} long 24 ISP AF7|70] delA AHoR EUsti, A7z A

Z7)e A FoRt g dv. v 23E BAL

. csdid lemp, ivar(countyreal) time(year) gvar(first_treat) long2

Difference-in-difference with Multiple Time Periods

Number of obs = 2,500
Outcome model : regression adjustment
Treatment model: none

Coefficient Std. err. z P>z} [95% conf. interval]
g2004
t_2003_2004 -.0105032 .023251 -0.45 0.651 -.0560744 .0350679
t_2003_2005 -.0704232  .0309848 -2.27 0.023 -.1311522 -.0096941
t_2003_2006 -.1372587  .0364357 -3.77 0.000 -.2086713 -.0658461
t_2003_2007 -.1008114  .0343592 -2.93 0.003 -.1681542 -.0334685
g2006
t_2003_2005 -.0037693 .031342 -0.12 0.904 -.0651985 .05766
t_2004_2005 .0027508  .0195586 0.14 0.888 -.0355833 .0410849
t_2005_2006 -.0045946  .0177552 -0.26 0.796 -.0393942 .0302049
t_2005_2007 -.0412245 .0202292 -2.04 0.042 -.0808729 -.001576
g2007
t_2003_2006 .0033064 .0244519 0.14 0.892 -.0446184 .0512311
t_2004_2006 .033813  .0211292 1.60 0.110 -.0075994 .0752254
t_2005_2006 .0310871  .0178775 1.74 0.082 -.0039522 .0661264
t_2006_2007 -.0260544  .0166554 -1.56 0.118 -.0586985 .0065896

Control: Never Treated

See Callaway and Sant'Anna (2021) for details
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PE9] L long FA9] 9ot B WA 02 Zo] 9lont long 4 AME Al
g2006 1E9] t_2003_20058} long2 84 A& A] g2006 1E9] t_2003_2005%=
it 9u|E 7R mg Folstoiof gttt long FAoAE 03O R2RE 0509 ¥
sH054¢ ®j7] 03¥)E oulskARt long2 & 1 M 05dozrE 03dozo] s}
(034 #i7] 05¥)Z u|3te}. long2 4L 2% g-17] tiv] t7]7} A og dult
LE=AE AustE R csdid_plote g2 I8 8L HE g-17] tiy] t7]o] duft o

R=AE HASHL

blH‘ m

. qui csdid lemp, ivar(countyreal) time(year) gvar(first_treat) long2

. csdid_plot, g(2006)

[22 1-9] long2 SM A2 Al

.054

ATT

Pre-treatment
Post-treatment

-.05

T T T T
-2 -1 0 1
Periods to Treatment

A AR A4
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£ 00] ofd 12 HFAYUCHH Stata®] didregress o estat grangerplot® &2 13 71
2o g3t Ao}, csdid H7]x]] AAESL 1A HA] Lok
UZE 24, long &4, long2 A4 7|2A AT} BlRAES Hashd te

H 1-4) csdidOiiA 42t HIWAPES| H|W

= CIZE M long M long2 SM
ALY s7| = (s=1)7 (g-17| - s7| s7] - (g-1)7I
AEA7| t71 = (g-1)7| t71 - (g-1)7I t71 - (g-1)7|

F g Ule I8 AAARAE, = ARCIFAIY, s Ao HEE <fvleh
FAHLR g2006 IFE A= S0 7IEAHY HluAdE 75k vE Zr-

H 1-5) csdid SUE 7[EAER HIwAH(g2006 1E2] Of)

oz CIZE M long SM long2 SM
TIEAE HIWAIH TIEAE HIWAPY TIEAE H|wAPY
2003 - - 2003 2005 2005 2003
2004 2003 2004 2004 2005 2005 2004
2005 2004 2005 - - - -
2006 2005 2006 2005 2006 2005 2006
2007 2005 2007 2005 2007 2005 2007

= SH0A 4719] gho] AXTEIR|TE AP7|71o] AR Blashs AlFEC] THEER
zole7)% vk
AFA = 2FECE ‘Never Treated & AFESH= ALE Al HQTE o)A ‘No
yet Treated & AFESI= AE AHEA}L csdido]A4] ‘Not yet Treated & v]w )
o=z ARgslE W notyet 4 ARESHH Hroh oJ7]A] ‘not yet treated' @ F A
(2x2 DIDo|EZ T AJR)d]| g M= HXH o] gl IFE(ASX'7} ofet
) 9uisit}. dE 5o g2004 1E2] 2003 tiH] 20064 ATEE F-3Hchd, of
o BSAE 200397 20064 AAJE7F obd g2007, g0 59 3T A #SAE
o] Ht}. TR A¥E HAL

—t

oz

P}
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. csdid lemp, ivar(countyreal) time(year) gvar(first_treat) notyet

Difference-in-difference with Multiple Time Periods

Number of obs = 2,500
Outcome model : regression adjustment
Treatment model: none

Coefficient Std. err. z P>z} [95% conf. interval]

g2004

t_2003_2004 -.0193724  .0223101 -0.87 0.385 -.0630994 .0243547
t_2003_2005 -.0783191 .0303902 -2.58 0.010 -.1378829 -.0187553
t_2003_2006 -.1362743  .0354034 -3.85 0.000 -.2056637 -.066885
t_2003_2007 -.1008114  .0343592 -2.93 0.003 -.1681542 -.0334685
g2006

t_2003_2004 -.0025626  .0225302 -0.11 0.909 -.046721 .0415959
t_2004_2005 -.0019392 .0190422 -0.10  0.919 -.0392612 .0353827
t_2005_2006 .0046609 .0163356 0.29 0.775 -.0273563 .036678
t_2005_2007 -.0412245 .0202292 -2.04 0.042 -.0808729 -.001576
g2007

t_2003_2004 .0305067 .0150336 2.03 0.042 .0010414 .0599719
t_2004_2005 -.0027259 .0163958 -0.17 0.868 -.0348611 .0294093
t_2005_2006 -.0310871 .0178775 -1.74 0.082 -.0661264 .0039522
t_2006_2007 -.0260544  .0166554 -1.56 0.118 -.0586985 .0065896
Control: Not yet Treated
See Callaway and Sant'Anna (2021) for details

9 %‘%Oﬂ% notyet /o] AREESL 7} 2x2 DIDOJA & 717t BE5of A=A

2] g2 OFEY #ESAE "Yx ¥ éil AMgg) dlE o] 82004 179

t_2003_2 043}1:1 0343} O4L=101] AREA] Lo J2E0] B3|, = 2004 12
95t RE T2/ R &2 AFRETE 2004 189) t2003_2005% bbb
Joltt. AR 18] 9o FEEH g2004 1= t 2003_20059] gt =3
%t -.0783191% TWFEEA HYs| H2L ofjoflA 2003|x} 2005499 AA| A=ws
AMgEE TWEEOA d9] A4 F7g3ko] Ho] -.078319190& &I 4= Sl

PN

N

. gen d = treat & year >= first_treat
. xtreg lemp d i.year if inlist(year, 2003, 2005), fe vce(cl county)

Fixed-effects (within) regression Number of obs
Group variable: countyreal Number of groups

1,000
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R-squared: Obs per group:

Within = 0.0631 min = 2
Between = 0.0022 avg = 2.0
Overall = 0.0000 max = 2
F(2, 499) = 20.68
corr(u_i, Xb) = -0.0159 Prob > F = 0.0000
(Std. err. adjusted for 500 clusters in countyreal)
Robust
lemp | Coefficient std. err. t P>it] [95% conf. intervall]
d -.0783191 .0304512 -2.57 0.010 -.1381474 -.0184908
year
2005 -.0419256 .0084765 -4.95 0.000 -.0585797 -.0252716
_cons 5.79851 .0041106 1410.64 0.000 5.790434 5.806586
sigma_u 1.5009861
sigma_e .1299873
rho .99255605 (fraction of variance due to u_i)

o2 92, g2006 159 t_2005_2006 (F37H2 .0046609)0]2kd, 05W1} 064
o] AAEA] &L TE9l ¢2007 IZ3} g0 TIF(never treated)] F=2|So0] gz I
222 AF8EH o8 AFojA] first_treato] 2006, 2007 E: 0o]HA] AT7} 2005,
2006991 #SA 5= ARESte] TWFES ot £42 F44to] EdEs g<lstet.

. xtreg lemp d i.year if inlist(year, 2005, 2006) & inlist(first, 2006, 2007,
0), fe vce(cl county)

Fixed-effects (within) regression Number of obs = 960

Group variable: countyreal Number of groups = 480
R-squared: Obs per group:

Within = 0.0187 min = 2

Between = 0.0248 avg = 2.0

Overall = 0.0003 max = 2

F(2, 479) = 6.11

corr(u_i, Xb) = 0.0080 Prob > F = 0.0024

(Std. err. adjusted for 480 clusters in countyreal)

Robust
lemp | Coefficient std. err. t P>t} [95% conf. interval]
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d .0046609  .0163697 0.28 0.776 -.0275044 .0368262
year
2006 .0248324  .0090315 2.75 0.006 .0070861 .0425786
_cons 5.740702 .0041783 1373.92 0.000 5.732492 5.748912
sigma_u 1.5135323
sigma_e .12946143
rho .99273674 (fraction of variance due to u_i)

I} ] o2 So] Eobd g2006 159 t 2005 20079 gl 3=4gk -.0412245

+ 0593 07d0f] HAEA] 9k 270z ARgste] ety e 2

o] B % vt

. xtreg lemp d i.year if inlist(year, 2005, 2007) & inlist(first, 2006, 0), fe

vce(cl county)

I=Ru]Xe)
”E‘?l"é‘

g0 1

Fixed-effects (within) regression Number of obs = 698
Group variable: countyreal Number of groups = 349
R-squared: Obs per group:
Within = 0.0686 min = 2
Between = 0.0362 avg = 2.0
Overall = 0.0008 max = 2
F(2, 348) = 12.01
corr(u_i, Xb) = -0.0466 Prob > F = 0.0000
(Std. err. adjusted for 349 clusters in countyreal)
Robust
lemp | Coefficient std. err. t P>it] [95% conf. intervall]
d -.0412245 .0202874 -2.03 0.043 -.0811257 -.0013232
year
2007 .0563241  .0116975 4.82 0.000 .0333174 .0793308
_cons 5.710612 .0052648 1084.68 0.000 5.700257 5.720966
sigma_u 1.5142498
sigma_e .13909474
rho .99163286 (fraction of variance due to u_i)
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GROR X WAl Qi F9E A B X WAV} %S o 3 5
csdid:= drimp, dripw, reg, stdipw, ipw, rcl 5 WHES AlS ’{:}E} o] HMHE
method() |4& ©]&3lo] A3t} UEZELX method(dripw)o]ch30) Afjx
esdid £S Wxaleh WHY o tie} 2ok

. csdid lemp lpop, group(county) time(year) gvar(first) method(dripw)

csdide o]Al& Statao] WAH hdidregress®} xthdidregress 3ol F+dE o] Q1
o 9 B¥I FU ARE g BPoRM 4 % 9

. xtset county year
. gen d = first & year >= first_treat
. xthdidregress aipw (lemp lpop) (d lpop), group(county)

9] xthdidregress oA ‘aipw' = ‘augmented IPW & 9Ju|shy o]Ao] csdid
o] gZE 4ol method(dripw) &437 =3t 3t ‘xthdidregress ra=
‘regression adjustment’ & 9Ju|5lH o]AL csdid9] method(reg) &4} =Us}c}.
312, xthdidregress twfeS ARS-SHH Th2 HojlA] e Wooldridge (2021) 3%
T T 5 QAo

Lt. Wooldridge(2021)

ol

Wooldridge(2021)= TWFE Zgo] thefFst 4528 FE& 23s] st DID &
BUHES 7T 5 UZE AH3A. AM BAlE G25H HXaI7} o] dHQlow T
A HuHFE ARESHe] FYR AR ANE FFstH L o o Utk ASAETES £
ol A7t o]dAY 4= QEE RS WHotH olFd AL HAoHA] gkg2 T

5h, Wooldridge(2021)& vl& o] A& A&}l Ut} Staggered adoption FE&3

d

30) Doubly robust FHECI IPW FSoe ol HBHIE Aol 1] /e 27}
9low Eobgad 2 9L ]W—JO}E]' 0l g4yl AREL S o|24 07 ZTE} ARR-S
AR L=ttt reg AL FHo|B=E olEgt EA7} gl
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oA M wto] ool glor TroRet Hn] ABARTS HIAA olWH AIE
o WE 243 4 9low, o] WS Rios-Avila et al.9] jwdid Tj7]A]o] o] 9
o}, o] ¥hEe S0l jwdid: X W4E 57 Adrhesdid] reg 24

X W7} Q13 ‘never treated & RO & ARRSHH jwdidi: csdide}t 53 2
, jwdido|Al EER ARES= tilE22 not yet treated ©|H ‘never
treated & ]27 02 AR5} H never 4L Folof sttt the ATE K}

o
fu
G
By
av

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
(Written by R. )

. jwdid lemp, ivar(countyreal) tvar(year) gvar(first_treat) group never

WARNING: Singleton observations not dropped; statistical significance is biased
(link)

(MWFE estimator converged in 2 iterations)

HDFE Linear regression Number of obs = 2,500
Absorbing 2 HDFE groups F( 12, 499) = 2.87
Statistics robust to heteroskedasticity Prob > F = 0.0008
R-squared = 0.0288
Adj R-squared = 0.0213
Within R-sg. = 0.0001
Number of clusters (countyreal) = 500 Root MSE = 1.4926
(Std. err. adjusted for 500 clusters in countyreal)
Robust
lemp | Coefficient std. err. t P>it| [95% conf. intervall]
first_treat#
yeartt
c.__tr__
2004 2004 -.0105032 .0233633 -0.45 0.653 -.0564058 .0353993
2004 2005 -.0704232 .0311344 -2.26 0.024 -.1315938 -.0092525
2004 2006 -.1372587 .0366116 -3.75 0.000 -.2091906 -.0653269
2004 2007 -.1008114  .0345251 -2.92 0.004 -.1686439 -.0329788
2006 2003 -.0037693 .0314934 -0.12 0.905 -.0656452 .0581067
2006 2004 .0027508 .019653 0.14 0.889 -.035862 .0413637
2006 2006 -.0045946 .0178409 -0.26 0.797 -.0396472 .030458
2006 2007 -.0412245 .0203269 -2.03 0.043 -.0811613 -.0012877
2007 2003 .0033064  .0245699 0.13 0.893 -.0449669 .0515796
2007 2004 .033813 .0212312 1.59 0.112 -.0079006 .0755266
2007 2005 .0310871 .0179638 1.73 0.084 -.004207 .0663812
2007 2007 -.0260544 .0167359 -1.56 0.120 -.0589358 .006827
_cons 5.773609 .0666494 86.63 0.000 5.642661 5.904557

Absorbed degrees of freedom:

H1E IS 2t X 23 22 o7 58 U 77 DIDS 0/8% 5 Hzwe e _67



Absorbed FE | Categories - Redundant = Num. Coefs

first_treat 4 0 4
year 5 1 4

o] ATH= csdid, long2 ©§H O] Ao} ARt AX] A AFC=REH O AIZE At
oFE A AIE Fob= event study A A= oy} Eth

. estat event

Delta-method
Coefficient std. err. z P>z} [95% conf. interval]
_event__

-4 .0033064  .0245699 0.13 0.893 -.0448498 .0514626
-3 .0250218 .0181653 1.38 0.168 -.0105815 .0606252
-2 .0244587  .0142754 1.71 0.087 -.0035206 .0524381

-1 0 (omitted)
0 -.0199318 .0118647 -1.68 0.093 -.0431862 .0033226
1 -.0509574 .0168809 -3.02 0.003 -.0840433 -.0178715
2 -.1372587 .0366116 -3.75 0.000 -.2090162 -.0655013
3 -.1008114  .0345251 -2.92 0.004 -.1684794 -.0331433

Jgo ek Hhewt gk

. estat plot
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[23 1-10] jwdidOlA STHARZIE XX|Et

.05

-.05 .
Pre-treatment
Post-treatment

ATT

-15

-4 -2 0 2
Periods to Treatment

g

Az A% 2

9l 182 csdidoflA] long2 w4 S0 F13F 183} o] 11 AA|R Fol5 Yehdrh
csdid2 e AT TR o e He HEe] -lo] AAAHALE UehfT o]
A ATT o] 02& 114=]o] lof 9] 17to] RIEA] 1d AJZF Zo|&E YEhdth=
ARAoltt o] J¥8L (xt)didregress & estat grangerplot®} Y3+Ajo] Qtt

‘Not yet treated & HRFLOE AMGSIH 9] FHOIA never F4AS A|L3itt.
Ave et 2ok

. jwdid lemp, ivar(countyreal) time(year) gvar(first)

WARNING: Singleton observations not dropped; statistical significance is biased
(1link)

(MWFE estimator converged in 2 iterations)

HDFE Linear regression Number of obs = 2,500
Absorbing 2 HDFE groups FC 7, 499) = 3.82
Statistics robust to heteroskedasticity Prob > F = 0.0005
R-squared = 0.9933
Adj R-squared = 0.9915
Within R-sq. = 0.0101
Number of clusters (countyreal) = 500 Root MSE = 0.1389

(Std. err. adjusted for 500 clusters in countyreal)

| Robust

H1E Mg ooRzE MR 22 A7 S

$e
AN}
ol
Al
=)
|w)
ufn
0o
ron
ofm
ne
1
o
rd
I
[e]
N
Hm
(@)}
©



lemp | Coefficient std. err. t P>it] [95% conf. intervall
first_treat#
yeari
c.__tr__
2004 2004 -.0193724  .0223818 -0.87 0.387 -.0633465 .0246018
2004 2005 -.0783191 .0304878 -2.57 0.010 -.1382195 -.0184187
2004 2006 -.1360781  .0354555 -3.84 0.000 -.2057386 -.0664177
2004 2007 -.1047075 .0338743 -3.09 0.002 -.1712613 -.0381536
2006 2006 .0025139  .0199328 0.13 0.900 -.0366487 .0416765
2006 2007 -.0391927 .0240087 -1.63 0.103 -.0863634 .007978
2007 2007 -.043106 .0184311 -2.34 0.020 -.0793182 -.0068938
_cons 5.77807 .001544 3742.17 0.000 5.775036 5.781103
Absorbed degrees of freedom:
Absorbed FE | Categories - Redundant = Num. Coefs
countyreal 500 500 0 *
year 5 1 4

* = FE nested within cluster; treated as redundant for DoF computation

St 7HA] 9 FL ‘not yet treated & RO 2 ARESH 0 jwdide=
disiA gt DIDE A4kl Holth & o 58

3} Ao

- H

A7

csdid, notyeto] 9Jst Ay}

o} gho] 2k ARdolth. ARRAZIY) HisiA AiES tiEshd thed 2ol gEld

o,
(E 1-6) Not yet treatedE AIEdl= AL csdid?t jwdide| Hluw
csdid | 2004 2006 2007 iwdid | g2004 2006 2007
2003 2003
2004 | -.0193724 2004 | -.0193724
2005 | -.0783191 2005 | -.0783191
2006 | -.1362743 | .0046609 2006 | -.1360781 .0025139
2007 | -.1008114 | -.0412245 | -.0260544 2007 | -.1047075 | -.0391927 | -.043106

T jwdid AIF His= Ao 2t csdidet jwdid 2t 237 e Ze X%t SAXE #A]

Az AR 2

91041 §2004 1] 200443k 200590 jwdid FoH= esdid Zet FUsHAe
7 glofs B chark ol csdidZ AR tiR BEA9} jwdidZt ALESHs o
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7t 9=7] fiZolt}. csdidoflA] notyet &4 AP S AY g-1719F ARFA7] ¢
= DIDE g-1719} t7]9f ujA 2] ArejQl 2707 AL3I=
AollA Bkt olE S0 22004 X9 20039 thH] 20061 DIDA AHE-E]
2T 2007 187} g0 1E0|H,3D 11 4R g2004, g2007, g0 FABEC]
2005, 20064 AEE AM83F TWFESF 595t} v jwdids g2004 22-9] 2006
W& ATT F740l 200609%=7H] HA =R k2 BEA 52 tE ASAE ARESITh
jwdidol Al g2004 189] 20060 ATT -.1360781-2 thS Stata A8 Azke}l Zo]

g 4= Qlth. ol A AR EE TEAE g2004 115 20064 AFEQ}F 20068714 22
=7 2 mE HHA] FEA(AFO] o HFAE, & 2004 & year==
2006 | !d & year<{=2006'9] sgsl= H=2]So]c},

=2’= O
H 23

A
L.
-

“first==

. *gen d = treat & year >= first_treat

. xtreg lemp d i.year if first==2004 & year==2006 |

Id & year<=2006, fe vce(r)

Fixed-effects (within) regression Number of obs = 1,920
Group variable: countyreal Number of groups = 500
R-squared: Obs per group:
Within = 0.0394 min = 2
Between = 0.0038 avg = 3.8
Overall = 0.0000 max = 4
F(4, 499) = 21.24
corr(u_i, Xb) = -0.0161 Prob > F = 0.0000
(Std. err. adjusted for 500 clusters in countyreal)
Robust
lemp | Coefficient std. err. t P>it| [95% conf. intervall]
d -.1360781  .0354143 -3.84 0.000 -.2056576  -.0664986
year
2004 -.0537609  .0072856 -7.38 0.000 -.0680751 -.0394468
2005 -.0419256  .0084769 -4.95 0.000 -.0585804 -.0252709
2006 -.0169144 .0116449 -1.45 0.147 -.0397935 .0059648
_cons 5.774458  .0056455 1022.85 0.000 5.763366 5.78555
sigma_u 1.504027
sigma_e .13600461
rho .99188928 (fraction of variance due to u_i)

31) g2006 189 ¥
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AollA d9] Ag= (E 1-6) jwdid Td9] g2004 15 20069 ATE 3 5L
gelstt.

s o & So] B, jwdidolA g2006 1E29] 20074 ATT -.0391927% th&
TWFEOIA dof Al At o714 ARHE #EAE2 82006 159 200749
HEAEH 007N AA=A] ok BE HSA|th

. xtreg lemp d i.year if first==2006 & year==2007 | !d & year<=2007, fe vce(r)

Fixed-effects (within) regression Number of obs = 2,249

Group variable: countyreal Number of groups = 500
R-squared: Obs per group:

Within = 0.0341 min = 1

Between = 0.0021 avg = 4.5

Overall = 0.0000 max = 5

F(5, 499) = 16.37

corr(u_i, Xb) = -0.0194 Prob > F = 0.0000

(Std. err. adjusted for 500 clusters in countyreal)

Robust
lemp | Coefficient std. err. t P>it| [95% conf. intervall]
d -.0391927 .0239825 -1.63 0.103 -.0863119 .0079265
year

2004 -.0537609 .0072861 -7.38 0.000 -.0680761  -.0394457
2005 -.0419256  .0084774 -4.95 0.000 -.0585815 -.0252698
2006 -.0169144 .0116457 -1.45 0.147 -.0397951 .0059664
2007 .0103986 .0132664 0.78 0.434 -.0156662 .0364635
_cons 5.768037 .0063438 909.24 0.000 5.755573 5.780501

sigma_u 1.504313
sigma_e .14010618
rho .99140022 (fraction of variance due to u_i)

ol A3t vhet 2o, jwdido DEE S4L AL TS, never 4L A}

S84 97 csdidelA notyet $4 A8 o dx DR A2 dad ofE 5
o] ¢g2006 TS EQ] 2006 ATTE TWEFEZ E-Ysl7] Y3 AREsH= Ams= csdid9}
jwdido 4] The} 2t
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(& 1-7) csdid2t jwdidOlA not yet treated HE Al AIBEl= BEX|Q| H|w

csdid | g2004 | g2006 | g2007 g0 jwdid | g2004 | g2006 | g2007 g0
2003 0 0 0 0 2003 0 0 0 0
2004 1 0 0 0 2004 1 0 0 0
2005 1 0 0 0 2005 1 0 0 0
2006 1 1 0 0 2006 1 1 0 0
2007 1 1 1 0 2007 1 1 1 0

= A% YA WAL ALLEL x}fr Yehd. 292 AXT. jwdidolA g0 FTEC] 20079 AES
%7} Aol dE GuHsER sl A 5
g AR ZHA

AR AEeh, csdide dg A=(2005, 2006900 HAHA e ‘FITEE (g2007,
g0 7o /\]-9—*]-‘— s, jwdides A2 AE=(Q006¥)7HA] obz] A= gk
HE ‘FEIE S 222 AFR3I}32) £9] AJo|E Stata PHPO 2 H|WSHH tF
&3 2t

* csdid

xtreg lemp d i.year if inlist(first, 2006, 2007, @) & inlist(year, 2005, 2006),
fe vce(r)

* jwdid

xtreg lemp d i.year if first==2006 & year==2006 | !d & year<=2006, fe vce(r)

Shot 2 QoFsH, csdidi= not-yet-treated ‘TS E'S v|WOAIOE ARESH= HhY,
jwdid= not-yet-treated WEZ2'E v|@mUAto R ARESICE ESE csdid:sE @Y
2x2 DIDoJAgt, jwdide] TWFE—: ST AZ] A2 TSAIL} e HIHR] IS E=
HWstE R o] 2x2 DIDEY 7FeBwo] HtiEe 762 BAlE S o).

X #i47} 91 o jwdide X W Al%0] FEE thakst A4S 4= 9ok jwdido]
A= Stata9] 4] HHo] hdidregress?} xthdidregressE o] &3fAE IS 4 Urh

dZ So] g = wyo] Ay =osjrh

o ﬁ&

32) X 947} gl M BE AXEK e BSAES Agdels Au FUsH.
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. jwdid lemp 1lpop, ivar(countyreal) time(year) gvar(first)
. *xtset county year
. *gen d = first & year >= first
. xthgidregress twfe (lemp lpop) (d), group(county)_
ESE X457} 9111 never-treatedS 202 & o, jwdide] A3l= csdid

o4 method(reg) &4 A3 Azto} A}, Wpawl ke £ ATk Pt

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
(Written by R. )

. csdid lemp lpop, ivar(county) time(year) gvar(first) method(reg) long2

. jwdid lemp 1lpop, ivar(count) time(year) gvar(first) never

oM $1 7 Bggol Alte sdcks e A= a2 7Rt 2x2 DIDE 9=
Eo] A9, csdide method(reg) S AR o ‘iR A= YRS ARRSIA] 1Y, 2
Xl tfsto] OLS F]Fote] o]2KE zt i HE XpE ASoti(ESA] thA] W) A4
47,8} o] d&H Xp 1t Aolg AR WEAES el BT ¥ jwdid= “HA|
A=RE At 4Y, 5 X, D, (X,— X)po| st FFsh oldf D9 A7t
ATTZ} Eoh. & S SAE & o 2 #SATS ARSsh=1f ofyd Xt D
FeAg3o] 23 Byl s AAT BSAE AREsk=Y sk AollA thEd: 5t
Aek esdidofl A opA|eto]l A2kl Higt Bt ot W 7 Aike 98] HEv
e 08 FIHY 4= ATHAAIRE W&ol disiAl= Wooldridge, 2010, %

X

"

tﬁ/ fr

Ct. Sun and Abraham(2021)

SA(2021)2 A&7} o] dAY wf AX|E R Hujet JAIZE HulEY] A5t
SFCIHARE Eu|Qld] w-2] 1F9] A9 002 HHsh= Hp)S 2Foto] TWFES
S A9 oF BAVE I8 & S Aot IFEFIE)ET AHAITE HulEY
AL TES TFS TWEEEN IEXAHAIZPE ATTE 7851 ol5% Azt
A2 A= 3ES A o] WL Wooldridge(2021) ¥} # 9] GA
St 7HA] T2 Ak thE FL Wooldridge(2021) WS IExAE HulEd Al
ZEA)7]= BHE SAQ2021) RS IExAHAIE HulEdt AS58-8AIZItE Aol
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CHEE B X6 53t 89E 7HRER F W o] AEZel Aol glth
ESE never-treated 152 H|ZAo R & ALo=(X W4t gl AP) csdid,
jwdid, SAQ2021) ¥ 2% =Qst AvE AlZsich

SA(2021) BPHL Sun(2021 — help eventstudyinteract 2%)2] eventstudyinteract I
7|1A]e F@Eo] Ut} WMpES BAdoF StER ARgo] EHSHIAIN vl BES
o} o ol Heh

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
. (Written by R. )

N =

4. . xtset county year

. Panel variable: countyreal (strongly balanced)
Time variable: year, 2003 to 2007
Delta: 1 unit

[co BN Ne)]

10. . gen reltime = treat*x(year-first_treat)

12. . forv j=4(-1)1 {

13. 2. gen Tm j' = treat*(reltime==-"j")
14. 3. }

16. . forv j=0/3 {

17. 2. gen Tp j' = treat*(reltime=="j")
18. 3. }

20. replace reltime = . if !treat

21. (1 545 real changes made, 1,545 to missing)
23. . gen altfirst = first_treat

25. . replace altfirst = . if first_treat==0
26. (1,545 real changes made, 1,545 to missing)

28. . gen never = !treat
30. . gen notyet = !treat | year < first_treat

32. . qui eventstudyinteract lemp Tm4-Tm2 Tp@-Tp3, absorb(countyreal year)
cohort(altfirst) control_cohort(never) vce(cluster countyreal)

34. . matrix list e(b_interact)

36. e(b_interact)[3,7]

37. Tm4 Tm3 Tm2 Tp@ Tpl Tp2
38. 2004 0 0 0 -.01050325 -.07042316 -.13725874
39. 2006 0 -.00376929 .00275082 -.00459461 -.04122447 0
40. 2007 .00330636 .03381301 .03108712 -.02605441 0 0
42. Tp3
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43. 2004 -.10081136
44. 2006 0
45. 2007 0

47. . qui eventstudyinteract lemp Tm4-Tm2 Tp@-Tp3, absorb(countyreal year)
cohort(altfirst) control_cohort(notyet) vce(cluster countyreal)
49. . matrix list e(b_interact)

51. e(b_interact)[3,7]

52. Tm4 Tm3 Tm2 Tp@ Tpl Tp2
53. 2004 0 0 0 -.01937236 -.0783191 -.13607811
54. 2006 0 0 0 .00251386 -.03919274 0
55. 2007 0 0 0 -.04310603 0 0
57. Tp3
58. 2004 -.10470747
59. 2006 0
60. 2007 0

37~453& never-treated 152 RFOoZ ARESH wo] ZAxloln] 52~60FPL
not yet treatedE R0 2 AREE o] Axloltt. Never treatedo] tiRA|Z w9
A= csdid, jwdid 239} 5skal, not yet treatedo]] tiFAIZA W] Ai= jwdid
o] Aute} IA gt (I 1-6) H|WEH csdidob= T2 jwdidet 5U3HS Selgt
= Ut} eventstudyinteract®} jwdid9] x}o]= eventstudyinteract”} AHAI7]E T
PSS Xt J3 AdEHolA B len 1 Qdls F W V]2
2 s

2t. de Chaisemartin and D’Haultfoeuille(2020, 2024)

De Chaisemartin and D'Haultfoeuille(2020, CH) *=%2- D7} 9|4 129 H3}
L Angl oflgl 10)4 008 Hsl7|E k= AS7kA] Tkt Ao AQYsHe 7
$-E ‘joiner'gt o}al HYORRE ool HE leaver'sl 5t Yjoiner AIF 9}
leaver 83} & B % A1H5}14} sich DIDE AP joiner E3H= D=0°02 8%
Y= & B D7F 00lA 12 BMi= 152 Blash, leaver B¥b= D=1& A5
L % fj¥] D7} 194 028 v 158 H|w3ghch33) Staggered adoption 37

33) o3} “S1Y3l DID'E Aolgio] Solafat. Y3l DIDE D7} 12 fA5h 188 SAZOR AFga}
3 D7} 0oJ4] 12 WHl T8 AXFOR ASTh Wl leaver TaKe D7} 12 SAREE, ol
31 92) 18 BAFOR AFSIITHE HolAE F1% DIDS} vt D7} 14 022 u=(0c]
A 12w Zo] ohfeh Tgo] Hxlzo] e,
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SloJ A= joinerdt QoW leaver:= Qith.
CH(2020)9] "2 did_multiplegt mj7]x|o] F+&A=]o] 9ic}. Staggered adoption
SHolA X W57t gl wl o] H7IAE csdid 7|9 AT AE AlSteh

De Chaisemartin and D'Haultfoeuille(2024, CH) =& D7} o]x o]z ¢k
(non-binary) 39714 sttt DO| 7Msst AeEE A W v, ,(dy,....d 1)

DA 2B ot B2 A, 7] AR FLT H
Ae) W) Ao] Aolgt T8E0] EART PR 271(17) AN 5L
IEE2 BT 7MW AXH W Al(status-quo) FAI'E Z=ttal 7HY3i
S0 T=3¢4 o, D7} 0,1,091 15, D7} 0,0,1¢91 1%, D7} 0,0.5,1.591 15
HeT 7,,(0.0,0) 2A1S ZECHE 1ol DIDES 918 HlT BEAR 27] A
Hi7} FholHA 1 27] A7 obd WskA] F2(not yet changed) T&A]
g
Stata YO =2 did_multiplegt_dyno] AF=ct.

0

{
A}

Hilé
o o 1 Mt ok

’ﬂ

i
i

3. HiSHH

2 2dEolA 8T d&(imputation) FIHL HAA] BEHAEE ol&sto] X9
Y’ 749 A F2 & o] o] AR BEHAEY XS ddst v'g 9
(impute)d}al o]Z 7} 8] X] AiHcounterfactua)Z 4o} B HXa7E Fol=
Hroltt. 71 ©eobA|, B Y = X8, +u;, Bhe B0l AEITH, dRT A=
£ ol&sto] g5 Aok, A TEA] o tisto] g (forecast, impute)dt X485

P e|AR] G gtk O 5 AR #1549 Y,EREH X8,
g WEA]9] AXFARE 7ok, oA A A2 5
150l diste] WAoo =H 7] Bt HABIMATT)E F4ok= Aol

et Zol v 9] FFo] Het BPE Aot ASHITHOEN ok ATTE °f
SAHEo] ofUgt gt ¥l AlolE et Aof gt Wi whek SRR vy - vy of wet
BES AAY v BR 18 HuHSES 23 AESPIHoE Fols 4
g2 o]%9] o|(DID)dl| st Het. dlE Eof, Wk V) - Y = X8, +u, =

H1E I CIZh x| 23 &2 67 5% U JISEE DIDS 0185t 59 Mzwel dE_77
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%1:
X ¥} god, 1Y sol B RHS AN BAZS Gt B2 Aol
Hi, v - Y, S7EC] UiE 2y B Y 5 ZFPOIAN 1 TuBeE
g2 Tt 2x2 DIDE AZE . X W47h ok mhx]y]
gollA Ao 2 A X #kof g0 BitZ F5H "o s S0
H7E T 1A 3ol 1A UEl= Eﬂ“l Ao shab ARGl W7 40%, 1
o]'7} 60% UL %Xﬂ 2ol TN 7F 60%, ‘1Fol'7F 40% QUtHd, E IESAES AL
so] s} ool o] 7 Az %—"‘%% 27} ik o SAY ATTES 7ok
oA AR AP0 B2 7l 40%, 119F0] 60%2] Hdol 3fgdsla, counterfactual
o] B olet HERIFHAR i 40%, 11%Fo] 60%2] Batol siFotE®, AX|7e] Bt
5471 iWATT)—E— AALHA DA =
F7t B5E= A9 L AR diste] et BEE AT 5 qUrt HollA
=t l O|Esh= Aol diste] A9ttt ol B Al e 15014 FYstE
2 27 ARE ol&5 AFE S5t AAE AL=E AE 4= Stk 870 B
IF] YEseE AFE ke el I Afole v A Bu I1F ARE AN
SiA= gl izt AEE Ao & IeEE 5Y ¢ B Y 159 AA oA HolH
B BFole B8 8,5 Sohs HIAA] BSAE0] Bolok
7t Bs A719F AISClA st A=
A 5 Stk o Aot X, = AAo
ofof gt} ok x| QLo Fhg HHX] ATl ¥
i fri%ﬁ *gtga% 7o) Elo] mgo] welT, o] The W= FadsH X,
HE EASRE Aol B] diol.
oJstoll A= AlISH T TS Borusyak et al.(2024, BJS)9] =9jAktat @9l
wyozo] sy st} Awnch

x
N

1o
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Lt. Borusyak, Jaravel, and Spiess(2024)

i

BJSQ2024)7} 185t BEL V) =q,+7,+ A;,4+ X, 0+ ¢tk A9 X, =
5= ¥WgolH, 4,9 Ales e iu}f} dolstal x;, 9 A o= BF SYsith
Alofl= HA[SHA] QRQIATE Alp7t tuitt o WE 29T $= Utk 49 A A
o]d HlolEZHE HAHE don 59 AS RE H|XX V=S ZHE HRE A
ot AR 4 Aol A HIAR] BSAES ol&otHA TRt HuHeERe] 4=
282 oA AN F7g5k= Ao] 1S AlEo] FYE U AX| B
A& ]

o]
9] 4,9 X, S didste] HA] T

IEERRN

A o] 7} v]AA] AT counterfactual) Y7
S A&t 4+, + 4,4+ X808 Yol s ATTE ZEat 9 rof tsto]
Y, — 1,9 B3e Fgtoan A5t} 7H} v]A %] I counterfactual) 34F A] ¢

DRENE EPFDE /|E0E DIDE FILY|, U HolS Tk Ao ¢ 1
aYE Astd € Zlolth

BJS (2024)% ATT 274e] 2048 72 0 S9st Taig g ojayane
712408 AAart 9 ¢of wEt Aold o Uk -8
S8l o, ofl i ¢ BA7F Qo] iSk 1o ek o] A
oh= oA RIGHARE HIEAARD) AdZolA AR TEA|NA F8=E AAE} = ¢,
7t ofjet o+ 0tk B AAEI G FAFNE AAEH o, B ohfet 9HFel
&;7HA ZZE0] Qltt34) o] 9] AlZE7tol W3t AFHAS WakAo] HEZH O
2 =A% YRojtHalE & ooldrldge 2020, 6-473, StAZ, 2024a, 11.63).
BJS (2024)%= o] B% ¢,8 AF FEFEY FHYYoR gt E—é 5‘}“}2 okl
A Gek39) W ¢, 7F BE SUASHHA ATTS] 24] Aok BEH 9ES EE
oite] fpolel S0 ok AL TEAD Ol oA EIS020% o
2R ¢, 08 Qg ¥EEY 1,9 Zo]&E QIS HEES AR FESHIAL Sh=t, ©]
£ FEsle] WS Al 2L 37149 71 glol Brissich BISQ024KE
54 Ahen TR 8 Yol o7t SYslths /e BEeR A A =T

34) AARE 4 24 0 4% TRANSY 4ol RAGY o] FbEch
35) ol HEEE WMEAY A ¢ T AN o, BEHoR WEs A9E s A
o, 1749 o7t ek Aol gt
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o & 5Y A W v, - 1,9 Aok e Qg Row 7t
BJS(2024)9] FAwHe did_imputation ¥Z|X|o] FEE 0] Sty FE FA2
E

did_imputation Y i t Ei [if] [in] [estimation weights] [, options]o|® ZQ3F &4

ot
r;, 7t LT HehS XG5 £t o] JAdEo] vF EFH AFHE, & T AT W
T=A] 71 HOH, ¢, 0= QI3 HFEE 1,2 o]dAof 7|]Qlsk= Zog o9ld &
dtHoverfite] 4F). AA| A7ANA ofH Ao Z o] I A o
FojxE HHE glom, AFAL FHEsH W EAolrh30) the g HAh
Cloud et al (2023) AF5E AFR5HH,37) TAH-L monthly-panel.dtao]c}.

. use replication/data/monthly-panel, clear

. did_imputation Y city_id month_stat month_intro, ///
> horizons(0/18) pretrend(12) avgeffectsby(cohorts_half_year) leaveout

Number of obs = 6,803

Y | Coefficient Std. err. z P>z} [95% conf. interval]
tauo .0343111  .0257952 1.33 0.183 -.0162466 .0848688
taul -.0029815 .0354974 -0.08 0.933 -.0725552 .0665922
tau2 .0636813  .0280724 2.27 0.023 .0086605 .1187022
tau3 .0789977  .0258465 3.06 0.002 .0283394 .1296559
tau4 .037892  .0303062 1.25 0.211 -.0215072 .0972911
taus -.021281 .040242 -0.53 0.597 -.1001538 .0575919
tau6 -.0213949 .029205 -0.73 0.464 -.0786357 .0358459
tau7 .0098431  .0270063 0.36 0.716 -.0430882 .0627744
taus .0073837  .0293719 0.25 0.802 -.0501841 .0649515
tau9 .0313422 .030999 1.01 0.312 -.0294146 .0920991

taulo .07601 .030623 2.48 0.013 .0159899 .13603
taull .0887683  .0347464 2.55 0.011 .0206667 .1568699
taul2 .0629056  .0452814 1.39 0.165 -.0258444 .1516555
taul3 .0641814 .0435682 1.47 0.141 -.0212106 .1495735
taul4d .1181225 .0370207 3.19 0.001 .0455634 .1906817
tauls .07106  .0386746 1.84 0.066 -.0047407 .1468608
taulé .021677  .0367821 0.59 0.556 -.0504146 .0937686
taul?7 .004703  .0410708 0.11 0.909 -.0757943 .0852004
taul8 -.0035541 .048345 -0.07 0.941 -.0983086 .0912003
prel -.0162372  .0310145 -0.52 0.601 -.0770246 .0445502

36) o|gA B4 IFE WaS Ao RN, I5S FE5M o BEQAP} Folx|1l fo)4do] ARt
IF AE9] oldat A== JAHR] =32 AFAPL Aastoiof gtk

37) o] A&E Furopean Economic Journal® Cloud et al.(2023) =% 3 Lmo]z|o] 717j= online
appendix2XE Wadke 4= 9jck 2026. 1. 19. @A URLE https://ars.els-cdn.com/content/
image/1-s2.0-S0014292123002210-mmcl.zip, AMLA}+ 2026.1.19.
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pre2 -.008682  .0335236 -0.26 0.796 -.0743871 .057023
pre3 -.0625822  .0263206 -2.38 0.017 -.1141696 -.0109948
pred -.0194858  .0254517 -0.77 0.444 -.0693701 .0303985
pre5 -.0196656  .0290946 -0.68 0.499 -.0766899 .0373587
preé -.0255311 .025596 -1.00 0.319 -.0756983 .024636
pre7 .0203554  .0230534 0.88 0.377 -.0248284 .0655393
pre8 -.0140516 .030499 -0.46  0.645 -.0738286 .0457253
pre9 .0225242  .0239912 0.94 0.348 -.0244976 .069546
prelo .0240581  .0265296 0.91 0.364 -.0279391 .0760552
prell -.0036746  .0280415 -0.13 0.896 -.0586349 .0512858
prel2 .0032729  .0263883 0.12 0.901 -.0484472 .0549931

AISLE Y, (WSE city_id, tH4E month_stat, AX] AJH FSE Hp=
month_introo|t}. avgeffectsby(cohorts_half year) &A4o] 2]t cohorts_half year
9] Fo] YT A=ZAE UolAe CRBDAXEIT FZZFolal 7gglct
leaveout FA-2 HZAFE Fo17] Aol 5 A AX 8 BohS A off A4l
Aletal BeS FoH=S gttt horizons(0/18) ¥4 AhAIZE 0~180] tisl Bt
A A YREFE ofu)gttiallhorizonse 2E 7H7]7t] Hsto] 2]ZE). ‘pre’
2 Aok HolEE2 fAgHSsE X MSEASTT iU mitt ‘:}th Sl =y
X”qé] Fe28)3 Ax|old Zh A7t HulESEmIAR] 15 = HuEsEE 0
q)C’ﬂ tiste] D=021 #EA|E7kS ol&sto] OLS 3|AT ‘ﬂ1 717 RS
—«] ASE 9Ju)sitt. pretrend(12)= ©]5 prel~prel2°] tislo] AAilsteE
t}.38) o] HulHEES o] 8sto] AREH X WiEo] Y'E S8 A¥sta 1 99 &
7FA 0l HAA Q01e QA &g 4~ 9Jr}.39)

NE AR5y FAHAEY] BdS F5t0] Bt ARaYE 79 4 574 HFSAE0
et S Foled wir 342 ARgslt) oS S0 wir(duml dum2 dum3)3} o]
ShH 7} Hujdss gho] 191 A ISAE0) diste] 413t 3719] B+ AA8E ZRE
gt} 1 Qo® YO 3lFollA IHEIE fe(varlist) FAo] oot & 4= Qlot. 12w
varlisto] GAE ¥4E9] 3ol Wt IFCE Wil ZF JF0| RIS Fofdlt.

A7t inpct o2 W52 unitcontrols(varlist) 402 AL Al$7) ot o
£ ¥H$LEL timecontrols (varlist) 4024 XAsch A7) 2590 H4LES XF

S} wj= controls (varlist) &4 ARSI} event plot Mo g 8% 138 4= 9t

=

38) HE 7FsT AR 717t HnEsES AR ARSSIES & o 2747t ofd 17] ARZIZERE 712AIA
o2 A2EEH ol o 1417111 }DID7} ohd i wlwE 3] mEel
39) Z1eEE AR Adi7IzE HulHSES] Algs B 0clofof Byo] Biget Zos sjAEt
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. event_plot, default_look
[23 1-11] did_imputation I{7|XIS o|&st 17

—=— Pre-trend coefficients
—e— Treatment effects

-
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b 249 BJS2024) #e A2 #FAY Vg 5T [ x HLES &89

Z SN BSEHE Yo X ¥4 34 AE A8sto] AA] BS3
oA FojA X HHEE vigtoz y'S d&sitt. Q1R F(factor models)2 7|0
F7kote] HlEE QQIER QI OF 7+ Aol FAIE wHgst] v'E dEstaist
St B2 Y=o+ X6+ FA+uw Otk o, SHAA xHo] BEEIL o, F,
e BEEHA gt o R AARHOIH BSEHA| GARE £ATF TS
wie QARFOITE WHeF ARAZIZE BEAZE B AE WA AYs] AT 4 A
& Aotk St ARIZIZE BEAVE Hom 4.9 F4o] offrt. Callaway and
Karami (2023)& F,_, # F, 2= 7PgE& ZHoto] o] EAIE didstax gt
F,_ =F, ol (F7} 2Z=d o) 4Y° | =X(4s, )+ (4F, A+ du;, 5

ol wistel HElsted 4 = (4Yy_ — X468, — du;,— 1)/ AF, & 3L 015 L 4
of "qiddste] tha SRS I & Atk

|
]

O
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Yi-Y) | =X — Aaq 1F/AF D+4Y)_(F/4F, )
+u;, Au IF/AFg,

of WAy A

% gl
& Park (2025)= 714 9] 15 TH G 2 3HDS ordered probito &2 R g5}
o] Heckman 4] HFwAFE &6t =19 §lolE B gl d5S ol WS
Al

AlRsIA. £7F ol AEiolA, E(4; | X G)7F 6ol SESHA] 9de™ X, SA

J‘iﬂ‘é‘ﬂi/\ﬂ7} /\-1%75‘]-_‘:_ 7-]0]15!& i?Qoﬂ .‘_:,’_Zﬂ7} tﬂ—/lﬂf)‘]-x] 01—‘—1_‘4— =]n=:H 1?_]»(_)} E( | X, Gi)
7k GOl o&ESHH FE QIsto] IFEE AV 2t AR 5SS 7MW HIAA 4
HE 5L vAR] BESAERESE 22T 5 glA Aot Park(2025) W9 #42
G;Z ordered probite® HFISOZH E(A|X,G)E 1R AGo 2
%= AP X, 69 76T 59 FoE HEY 4= A Hol, vAY AE
U A A5 o]-8sto] FAHTOE=N KA, FOE QIsto] TIFHITE AAoljt 4] ApolE H
9 o UEF 3 F= H Atk 69 +AE FoHA A= oldAY OFEE T

slst wido] gith. of#ol DGP7} YV = X8, + Fi; +u,,°0)1 1E0] G = Xz + v,2h=
X*XH%/\Oﬂ 95} ordered probitﬁ A= r, = max (¢ —g¢,0)% Hlo|EE Aot

of dest A7t Q. 4l Holge] 72E AWEY thad At

( L L L

W

i)
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. use park_sim3, clear
(Simulated data generated with te = tid - first_treat)

. tab first_treat

first_treat Freq. Percent Cum.
0 31,165 62.33 62.33
2 5,465 10.93 73.26
4 3,625 7.25 80.51
5 9,745 19.49 100.00

Total 50,000 100.00

. tab tid

tid Freq. Percent Cum.
1 10,000 20.00 20.00
2 10,000 20.00 40.00
3 10,000 20.00 60.00
4 10,000 20.00 80.00
5 10,000 20.00 100.00

Total 50,000 100.00

o] dlolgo] thate] csdide] WS HEshd Zue chet Yk,

. csdid Y X, ivar(pid) time(tid) gvar(first_treat) notyet agg(event)

Difference-in-difference with Multiple Time Periods

Number of obs = 50,000
Outcome model : least squares
Treatment model: inverse probability

Coefficient Std. err. z P>lz| [95% conf. interval]

Pre_avg -1.613874 .1186447 -13.60 0.000 -1.846413 -1.381335
Post_avg -5.896645 .4814664 -12.25 0.000 -6.840302 -4.952989
Tm3 -1.774192 .2346231 -7.56 0.000 -2.234045 -1.314339

Tm2 -1.450134 .0933824 -15.53 0.000 -1.63316 -1.267108

Tml -1.617295 .1314466 -12.30 0.000 -1.874926  -1.359665

Tp@ -1.718104 .1133897 -15.15 0.000 -1.940344  -1.495865

Tpl -3.844581 .3683175 -10.44 0.000 -4.56647 -3.122691

Tp2 -5.176972  .7447463 -6.95 0.000 -6.636648 -3.717296

Tp3 -12.84692 1.311339 -9.80 0.000 -15.4171 -10.27675

Control: Not yet Treated
See Callaway and Sant'Anna (2021) for details

. csdid_plot
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E Pre-treatment
< Post-treatment
-101
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-154
T T T T T
-4 -2 0 2 4

Periods to Treatment

Az A g

TYoRRE & 4 9lRo] ANl WA THIe At etk RolE £
cHEA B BAIRE 95% Alspzie] BE 0028 folsH Mol Sleh. ol
esdide] X W45 T X W5 QIgt 4] Aol g Wi gols Bt Tefsick

291Y Y2 VS A9 Aolat FAE AFAIOIE A4Ecka 14

Z2|9] 7 443 imputation F7H4Q1 7HY glol= E7Fsottt. oo & Ao
ordered probit ¥& 7Fgsto] Park(2025)9] WHoz ‘WA & w50 ALES
Fasiel, vl Pl BhEe] e e 2me Pt

. program define Estimate, eclass

args t2 tl1 first_treat

local dy = "Y t2' t1'"

qui reg “dy' X lam if first_treat==0 | first_treat > “t2', nocons
tempvar dyhat teff

qui predict “dyhat', xb

qui gen “teff' = “dy' - “dyhat’

su “teff' if first_treat=="first_treat', meanonly

scalar att = “r(mean)’

ereturn scalar att = att

Coo~NOOULTA WN R
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10. di "{txt}ATT({res} t2'{txt},{res} t1'{txt}) for group
{res}g first_treat'{txt} (truth = {res} ="t2'-"first_treat''{txt}) = {res}" att
as txt

11. end

. Estimate 2 1 2
ATT(2,1) for group g2 (truth

0) .09142322

. Estimate 31 2
ATT(3,1) for group g2 (truth

1) = 1.0013015

. Estimate 4 1 2
ATT(4,1) for group g2 (truth = 2) = 1.8400969

. Estimate 51 2

ATT(5,1) for group g2 (truth = 3) = 2.8724801
. Estimate 4 3 4
ATT(4,3) for group g4 (truth = 0) = -.12843247

. Estimate 5 3 4
ATT(5,3) for group g4 (truth = 1) = .82440209

. Estimate 5 4 5
ATT(5,4) for group g5 (truth

0)

-.00418639

)

Holl A FAgko] FgHZ S <ol truth)zk FARRS 1T &= k.

LRAu o] disha FAT ol Urh. ARG £ FE S FAIE A= 2
olE 7HA]H oli= E7HsHA| 4fextrapolation) £AIE 7F 48to] §ict. dlE S0
F, =12 A,2] Apo|& Qlste] A2 o|Aof| 17 7+ AxprF oAl 9
e 5| FUSHA A&Ee A7 242 7H Folekn 1 of St B
E7oRL 812 APAAIZ] SA7F Adolgt B AAT B FEi7E A&E AeR
We o FHHE AAEN S AT 4 A oM ool grh

SHH, HiSA] ofir EEHS ©f Rambachan and Roth(2023, RR)= A&7 7H
o oli= ayRA] 9ol HEE wejelo] DID AT7HE 2He) £ HES Atel
Rt o] WS 7HEFs| Awshd, ATT S8R = 28 ATT 34 Aol= 14

o] S ATTE} 34 Ho)2 Bafstol Ae 4 9= 7
Utk oo ARHAZIe #&EE= DID HUzrel o amv 327|744 AEAl7] DIDI
ol A= 7 ATaL 7Sk, ARFAZ] DIDO J19HE<S BEget Al
AR M= AR AdE).
At HPHS honestdid #j7]X]o] F+&=o] it} honestdid T7]A]=
Staggered DIDOFF #-&5= 7o ofyr Eet ¥k FHYHS 3T A ofyth

86_2025 MNAEMEI} YEYT MiHoipepH=zag;



ol csdid, did_imputation 5 € #7]A|E 0|83t =4 ZAupr} Foi o HIP3=A|
789l fEl s HRbsto] AlEgkE AjAtek= Hi7]Aloltt. ofFfjof AAIE o]&
sto] Ak

. use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear
(Written by R. )

. qui csdid lemp lpop, ivar(countyreal) time(year) gvar(first_treat) agg(event)

. honestdid, pre(3 4 5) mvec(0.5(0.5)2) post(6 7 8 9) coefplot

i M ! b | ub |}

] 1 1 1

| ~TTTTTT 1 TTTTTT | 1

i .| -0.044 | 0.001 | (Original)

| 0.5000 | -0.062 | 0.021 |

| 1.0000 | -0.088 | 0.048 |

| 1.5000 | -0.118 | 0.079 |

| 2.0000 | -0.149 | 0.110 |

(method = C-LF, Delta = DeltaRM, alpha = 0.050)

[33 1-13] honestdidE 0|28t AMz[F1Zt
e
05+
0t—-——- [ ————————————————————————————————————————————
-.05-
-1
.15_ T T T T T
Original 5 1 1.5 2

AR A A

Holgt 3412 3185 Eo| AWLE AzTRle] ol AL AT 4 ek
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[22] ojate] Hjw

At BEE RS MAZCRZ oFEoI0], XMAIZ HEXISO X duet 7hy HIMX| 21t ZF X0
of BZATTOI 2els £ = 2E0ME 0 oM =28t 02 FYYSO| 0] 'ZHHS MAZ2=2
FYoke A O A2 191 E= Hol=A| dHE0 2ef X H7t GOM XML tHEZO
SETO| JOololt Hok= A2 Fol0oitt. 1282 0] =2= 2F X Ha/t UAS ME o0IE #=
Ct.

MAZD el ‘BEE X 228 A0[RIty & &E 210 X9 227t SEoHH MR HEs
HlUE o 5= O 0=

l THEOM| Ot EE=2 I Fo A0| Qitt. & HHO 22Ut O
FOI5I0{0F 2t 0 BR, EHOI AR YA BXls F=20| HE 4+ Ui, OfLH 2
1 227t N2 OE o U0 TAQ] ZRE 62 S5, XVt o= Of XMAZ2 S0
T2 o0 ZUE 02l ZR0IH HE M=, X7t ASEO0H MAZ2 oA HaAs 13

|1 2S4S 1ML 0de 30| JHelt FAUEHE ==52= S0VIH 25
izt MA[ZS Hiwoks R0, 2 X9 0| &= OF 210 dXX| AU Bl B=20] He
B, gxls F2US 018510 2AoAL OtLH 2ifol=(F, tEa A=0M 2= sgAS 1
2 XMAIZOZ 2olz) SHEMII0| s F0ILh HXl= F2US AZolH RETS HREth=E 28U U
1, Q2 O M2 ffefoltt. TeF XOf 20| HXXT 2RIt t2H 24| oiZ0] JKsoltt. 0] E<
OE £0 2H, MXZ2 N 40%, ‘DY0[ 60%= TH=LT WEFS TF 60%, ‘LU0 40%= +
gel= 0|0 Oliols MAZS 220 O2h MAels Hded2=M ATTE 712 + QU
ATT, ATU, ATES| ZtO[0i| CHotO &7F HMEAL 7§ o Edt XMR|2it/t 1, Y09 Bt XMAZLt
00[2t SPAL. 22 ATT(MAIRE AMA[ZO| CHOI Hoet A= MAIZOIM 747t 40%012=2 0.47+ &
C}. g ATURIRIZRLE THEZO TSl Edeh )= UEZM JH7t 60%0|122 0.60(Ct. HA| 2
HolMe] B MXSIHATE)S FHol7| PloiMs TAl ZEHOA 712t Y0l HIZS 2LOtoF Bt
OIE S0 A0 XMX[ZQ 3uH2fH x| ZEHOM THet ‘U0l FiH= (40+60*3):(60+40%3) =
220:1800|22 ATE = 220/400 = 0.550|C}. 2Hef MR[Zat ChEO| JH et ‘A0l HIZ0| SUoltt
o ATT = ATU = ATEZ ZO|Lt Of Oofxls 2ZA| S40f. st 2Hof MX|2dp/t X0 O)ESHA| k=t
THOI oo V1Ol Bt MX|SML "IY0I'| Bt MX|ZAt SUOIHH) ATT = ATU = ATEZ A
OIC}. 21 20il= ATTSF ATUV} LIEH. GPAE2 B8 MAIZS 220 S50 B2 MASUE ot
At 2ttt

OISEZHBER| A SN HA DERISO| 5101102 0155, v, — 1S XIX| BEAISH of
5101 WP TEOZM ATTE THICH OPIMY - ¥ HX BEXISO Uf50) B2 7517| mheof
RSOR ATTE 5P| EICH40 12{02 OSjolMs GO BEEHRE ATT X5 2HE 12
BiCt

0

M csdidol] TRIE WHES ATHEXL =20 2SIH 0] I7|Xj= X He M2ZHHE method) =
MO MMsH 4 QOM JIRHMHORE drimp, dripw, reg, stdipw, ipw, rc10] QUCt 0] &
method(reg)e M3 WHE AMESHH, IR A& X Ha Al 2YQl MEH0] SYSIH Ol
jwdidLt eventstudyinteractet Sst ZutE £t 0| B2 OF 7F X 229 BHl(support)e] &
O[dgof st 12 Q0| I SIHERIS ARSSICE T2iA] BIef X W40l BIZI0| & 7i0f| A0[5HH of
20 FHTH ZUE S0 JIthE MEok= Ml EMPUL LMY £ ULt SEXEE ATTE Fob|
Slof X 2REE(R0IM Iit TU0 2IO| KXR) XMX|IZO| HFE0 BAS ok A2 H X2|=o
QUILh X 22 2Al= XMSCE sha=ER, TP Xp7t T HIMX| i(Es 1 7IRE SHiEA F
oIt 0] B HHe2 & AsE Aot

ipw S p,/(1-p,)8 JHUAZ|= WS 0|2 TI2L}. p 5 GISE W= ™A BSXISS 0I85t0 DE
X0 CHotd 2X0|Lt B2l § 3IHE STt 2eF TIF 710] Xo 2%7F =M DE Xalol| 2Joto 4F
o=, oI X0l 2H MXIE =EO| =1 X30| HOH XMX|E =E0| = 49 HHE K|
ettt SHRIZE 2200 St EHEl(support)0] A01E ZR0| 20| LHsit= 2ME shda FXi=

88 _ 2025 MMt HEYT YuepgH=sT



r&"

A
o

2RICLAD JBCHE 0] f/(1—5)= BF HIT Al MIRQ X 227} MEHES of F= g st
HE PSR B H/0-5)01 HS BEX HAY JKSH0l U2 Z0B2 H2 JEAE FI
B/(1=5,)01 2 X VSR XX 7EsH0| 52 HOID2 52 JESAIZ F0i, 0] JKSA0| 7lstet
Of OIEZO| ¥ZI2 BRoH 1 WIS MARO X 20| UR0| (ERO ¥E TR 40| BCh. 12|
SIIBICIEt O] IPW Y Eot X ASY

82 7t MxE i%ﬁ SHE St AE3t Z10|C. Doubly robust
(DR) W2 0| 22 Felokil ZEAH & & offft HeH ATT% & i@ﬁfE off = o|Ct
SHRIE QtAf =Of5t Hf |'|75" | Crof X7f T 08 20| 22l=0] JSH 5./(1—p,)0] OF 2 0| L2
2 A0M(ZTEt Ol2 Z2) IPW Hge E§4£ N ‘PPS?J 427t ‘E:Ef

E_
=
H
| et

01“1 WHOIE X 229 ’E(SUpport)Ol O8 0] M2 OE 420 Hfoike oS MSotk| %=
Ct. O] 2xXof chgt shEa2 2EHsS H:‘FL71'—K7‘7_<|E A0t AL) OfLIH 2R & 7Ky0l| 7|8isk= A O
Qoil= SiCh J2{4 0] EXMIE HOolY 2=otK| Y, MX[ZQ X BEZ R0 Bre 7ok= SHoTt
sl EAL o7l A9 WHE 020z AFMRl BEX| 7t 0fE(matching) EF0| QUCHA2)
Propensity score (PS) OHZ0|2HH MX| TSRO PS7F 7HY |ARH HiX EX| £ EE'_ PS7H 9
9 OlC= RAR UX HEXISS 7—|*7—.*9| XXl HEX[0f Stoi== Z0IC}, Tk X7+ AZeEltH XE
HIME Heteh o] 7|86l o= 20|, XUt HiEZH 0|52 MYZelold K|xesfotil HiMY H
Bkt 2401 7[Btst0 HOIECE O] WHe OISR HIXSIHME 20}, 2eF Y= X8+« 20| 2

Hal5| OjR=ECH(E, X = 2

EHHO

r X), GSEIEEER WHE)S TKY HINT SURM X4E AIS

0 Of e Xg- B MSICES AP AT SANI OSTRES 1= X5+ 4B Sl 9

BEASS MBSIDZ DIf X9} ¥ 7 DHO| WREOD NRE AWS AL 0fd

UYE )0} BRE Aol BEA EE Sl ASARIE ASSIC J0RKE B ROPE 2L 2
BF HCHR SO, ¥ = x5+u BH0| QS S2AS BAYO| PW HHOASH 20| I HS3ICL

"‘ol'

-

>_

orE E
X—- 2

4. Targeted Regression= 0|8¢t 7I5Yx DIDS| +1&

v/}

Staggered adoption oo A, QAR AQdstd oA =oljt Hus 7
HHEL nE 5 A7]E 2x2 DIDE $935la o] DID #HFES H4e 715
AE 1 ﬁé%’é‘}% ‘:‘J‘%*Olﬂ} S 4 Qi 2RI 9] Aol wHFE THE0IA BA
WS F7161L 2x2 DIDES she Z2& ofsfd 4= Utk 2 AolAe F014 dlo]
ElolA] 7Fs3t HE 2x2 DIDES SRR Hsts 345 OLS IAEH THs

40) ATUZ Tt Sthd gz BEAEY] 1S d&s1o] 1 - v tjx BEAE0| disto] Babd 2
Zoltt. siA|TE o] Holl= A AA| Aol % ’”—ir*ﬂ—‘:é—' 7Pgsfjof & Zlo]u= ofjufgt Hol Itk ATE
£ 9ot St AR TSRO diside 7MY HIAA kg dSste] AR Adaket o] ZMd HlA
7\] gate] Apolg ok, tiR(HIAR]) BEAIE tisiie 7H AHA ZIE diEsto] o] 7MY HA]
dtet AA| AgHe] Aol et thE, o] FEE AARINEE BE WSAEC] Hote] Boctd 2 A
oJt}.

41) J2}A propensity score matching &A= S8o] A2 AA=XE A4

42) WA= 1§ 7o) B Wa(supporde] THE BRI sde) 34 i,

HIE IS 2t XX 23 22 o7 58 U 7157 DIDE 088 YN Mzwe 2= _89



D g=1 g=2 g=3 g=T
t=1 0 0 0 0
t=2 1 0 0 0
t=3 1 1 0 0
t=T 1 1 1 0

A7 AAF 24, Han and Koh(2024)9] L& 71415,

o714] g (2 AR A7I7E ORI 2 w4 A7 il fofsie of|
gl 7kl B 17} Wl gle S ok

olf tlolHRFH theo] SHIE 2x2 DID9} th=9] ‘F3l 2x2 DID'7F &4
Th49) BE 183} A7jo] BEATE E2Aeke A4S olE 7Rsdt DIDS] g B A
of ¥ ZHg DID= & (7-1)T(7T+1)(T+2)/24710]1 FHH?l DID= F
(T—2)(T—1)T(T+1)/247]°]t}. A& 0] T=100]2FH &8} DID= 49570, H
73l DID+= 3307h0let. &R0 A’k FA F4g=2 Fe DIDES AlQlshal &
H2 DIDES &4 7l w2t 7B+ & AEolth g =01 csdidojA
never-treatedS IR0 E A= W 2 ‘simple’ 342 ARSSE AANHE ¢ OF
W 7359 g71(&, FE uAAANS t71(g1FY] AXA7]) ElofElE o83t 2x2
DIDEE BE ¢ < T9 ¢ > ¢of| tisto] 3 thZo] ol&= (9.¢) EF TSAol vl
Ste 7ISAIZ 7t Sk o714 off sk T1Eet 2x2 DIDEE 1Ee 7sAl=
718 ot=Ale A SA% e = g BEsd B of sfdetal ol
o BH7E A AL BeER] o] 2%t ﬂ% | gFetA AaEet o TWEE
FATEL BT 2x2 DIDE9] &4 7ISHd s AT 4 Stk A%< 9ol w5

2
91 7] WA Batgholst shal &) & AR =g, HET=h, 7IEA|H=s, H|LA|

43) ¥A AFsiRoe
3l DID

| 2812 DIDE 0 — ' AX BEAZ 41 0 — 0'E tix F=X=Z A= DIDo]
1, 73 DIDE 0 —

'S Hx] AZA2 A3 1 - 'S gz F=ZX=Z 4= DIDo|ch
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=to)] ok DID, & o = (s — t24) — (5 — 12, B SFRE. 80 Q] AL = (HA]
o WS A7Dol sigeta sHEA s (R, WA A7) sigRith ool (&
8 FXRONA g<h, s<g, g<t<ho|H &t LU= DIDO|L, ¢g>h, s<h,
h<g<to]¥ &= FH2 DIDoJt}. o] F% EE 23t BE YA 9% X

7b BAE L UH)
T T T T
=22 2, Lwidl wis 20
g=1U=1h=1s=

Fele BPETAD o] B o (wf) AERA A"t thg Hohe Fojd
(wf.}oll thatel WA 249 02 2A249] 5. 7 glo] ThAo] OLSE F4ohs WS

¢

A A9 6 YL o7 = (g — t46) — (= 12 S THYURE T FIS}o] 6= 2 ch;ﬂgt

AZIA (e} & ANteor skt of Aik 77F XPE o=
ol 7=3¢ wj 5719] 212 DID<} 17H,] 23] DID7} 9=
g, ol &7/ DID(EHRE 27 HYF AS 2% 23| weggol shgats 97 ¢,
ALEL (207 o] AAM| BHu) thea} 7c)45)

ot
fu}

u

]

rel
o
=)

0,
S

Cll = 0~5, 612 - 0~5, 013 = 07
Co1 — 0, Cog = 0.5, Cog3 — 0.5,
(,'31 == 0-5, 632 - 0, 633 =—0.5
X9t T7F 29 olefdt 4% T&L u@dAdolh. shAg o] H9o|w (wf) 2R

2]
B vl ot daEES o189t (o, )& AR 7 < Sl

44) "9 71A #A= FK3 DID7F ARE o] TA¥sk= EAolch

45) EolsHA|w o] 6749 BE 7K53t 2x2 DID 7F AREHL 62(Z, 18 1 vs 3, A]7] 1 vs 2 DID)9}
& (&, 1% 2 vs 3, Al7] 2 vs 3 DID)9] A8t Ysith ol EEFE ¢, FHES ot 4
A5hE ERIto2H S 4= Qv $49] & DIDE= E5 A2 ¥ DIDY)| f-oslet. o] B¢ =
Ag v (Fe DID)7} 7;1‘3%1 Wt A A7} never-treated (1F 3)E W22 o 2749] A
AN e A2AEe] Z¥k2 DID 7F Ao : RAH

$e
AN}
ol
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|w)
ufn
k=)
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ron
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T
67} 2x2 DIDE9] 7FsBw#o]7]vh 5} ¥HEA] HE oA Y ¢, = 00]1L HE ¢ofA]
g=1

Y, = 00] AP DT 0l (o) 2RE T 1 [uf) B AT 2= Uck
< FYsHA] o, FUt FFFS ol 2x2 DIDES] 7FB+

o7 FFsH= HH-L Wt Goodman-Bacon(2021)o]4} Sun and Abraham(2021)
P2 O 5 7P AdAEY Hol= EaiolA] fdh 2ol A

ofUtt. Aoz, o] WS ARESHH P de] % TWFE F4%0] 2E 7Hs
o (B 2 99 2x2 DIDES #,n, 9 vl wet 7158+ 3 AU g1

: (e} 8 FuEFoEN TET 5 ke o9t o]
o|&stH 05 F517] Yol £E2 DID 3HAEZ 13t the Bah= k= A O]
PN ASES AT & BYSt I (‘targeted regression 0|2t $HE FHT

T =
o Z2x o] 1 4= Itk o]E 3l targeted regression?] F8 AHL HFQATHA

3)
° WA ¢, =09 (0.2 St A o S ), > 00]
B(c,, 7} 00] ohehs e BEE sk WA 3ol 125 2719 ATTS Zeshe
DIDE9] 7HsH#YE o) (1, 28 Mgtk theOR, 4, =1/c, 2 HOISHL 1}
WA BE (0.0)0] tote] a, =—c, /e, & AR B, 0,8 12 NV U2 BE
¢ B9 FEB U UL, BE ALES ¢, @ Wk Aol ol (q,) 2 Tt
U, 1 thgols BE (o.0)0] dhetel (o.r) Y-S vtehps

=
g HPEY BSAE F IF 13 71kt 2 3F 1, 71t 2= 2o ¢, > 0°]
A

n
=)
-

=
mn
filo
3
=
oZ
ox.

ofal, o

i

1,2)0] sfgol= W] A

Ht2 99] FAeFo| Hrt40) EF W H(FAL ofd) o] ZH HA SAHFL

) AYHFE AR| gu|dHeet A0 74 FHRrEo] tioto] IFTvE AR
= O 2N
BN

152 Z3A7|1 SH(EE TWFE A2 H e 135




3, () (wf ) 25 ()9 (a,) 5 S1Z] et B3t (i) 727 SHESE
gstol SATORM 0 2T BEOAE T AT ASAEWw)S

o1 A0 tfetol ElolelE A4l AR Bk AL Fels] BAh IF 1
o =20 AT 1F 2= 1= 30] AXNEH 1F 32 0AF] IRo|c}. FRA/|E
JEE=2 717 100, 300, 600024 7|7Hd=2 & 1,000 0] I_%HH"E‘_‘.O]E}. A 2E
g 717 Ageln U jRae) AR an) . &, A7) Adelro] A7 avis
0, 1 the Awo] A& Tofch. 18H-A7ER AR Hujdse} AN EHE B
2 Ueniw thewt 2

(E 1-9) 42! HO[E0IM XX| CiD|Het XMX|2a}h 27t

D g=1 g=2 g=3 TE g=1 g=2 g=
t=1 0 0 0 t=1
t=2 1 0 0 t=2 0
t=3 1 1 0 t=3 1 0

Z&: AR 24, Han and Koh (2024)°] 4% 7|1A€.

s 2 7K e o2 gtk 1) ZE 7153 67 DIDE(ZHRE DIDg
A3 DID B% 2D np, HIEO| w758 3 24, 2) 571 &HHE DIDSS
ngy, W& T 758t 3 34, 3) A7)0l 0%, S AAAIe] st
DIDE9] 7+ B2 nn, ol HIE), 4) AAZHAEE 7|02 3 LE ATTE
o] 7154t

1) 2= 671 DID=9 7158+

67} DIDES 3o HASH thad} 2tk 242k9] 2x2 DIDO| AMSEE &4
Eol 29 BAH] it olo] Fsk= u,m, Y71 10,0000] Stdoll FHAEo] et

HIE IS o2t XA 23 22 o7 58 U 757 DIDE 0188 59N Mzwe 2E_93



(E 1-10) T=30lIM 7ts3t 671H2] 2x2 DID
(a) (b) () (d) (e) 0]

0100 0[0]O0 0[0]0 0100 0]0]0 010
0|0 110 0|0 11010 11010 0
11110 11110 11110 11110 11110 111
3 6 6 18 18 3

A7 AR Z4. Han and Koh (2024)0] 4% 71214.

AE2E ARE 7t2E 35S gulgith. 0/1 ks AR ¥4 gloldh (a)-(e)=
€H}2 DIDo] X ()= HA3 DIDolt}. 7+ DID7F 34sk= Bk (a), (b), (d), (=
0, (@& 1, (& ryy —1yy 1y, =— 10[th. C|2RE & 48 40| 2Hok= B4E
Fohd 1 g [6*1 + 3*(-1)] / (B+6+6+18+18+3) = 1/18 = 0.055--0[c}. o] 24
o] TWFES} SUsth= 22 dollA Btk AAlE TWFE 4%k .09449140] 11,
X0l "W HolA] ARt WS AMSRE AR T 0|9 FYStTh o] g2 4 0.055-
ot IA t2A] gt BEQA = ARE YO = Qlsto] TWFER & wje} k9] WY
A o s g ozt Zpol7} UA|gE o] Ajol= FAJsto{ Eth

2) 57l =HtE DID=E9| 7158+

A (E 1-100914 (D AT (2)-(e)Q] 7HHd-S WA Bhiof wet std %
2 15137520t} o] AL (a)-(e)of] 3gdh= ATT HAE(ORt 1011 A=
= 09 7E=EF9l 6(1) / 3+6+6+18+18) = 6/51 = 2/17 =~ 0.11763} S-AFsict.

3) MXIAIY olid SHIE DIDS2| 71587

AAAHCERAZE - = 0)7 B DIDSS GE 1-1009] (@), (), (), (oIt 3]
g ATT BPSS B 0022 B4t Oojch Wb el skl 73 FHgS
-.0084986 (EFQ*}= .0868344)2 A 00f 714Th
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Sieg and Yoon(2020)2 &4 FFFE tj7|9} Adm FAIFE EMo] ATt
7MY SHIE FA Aus 2yt 7te di71g o)A BelgE ?"Ml |25}t
o, Bge AgH|E-FARP It 58 o] 59 BH4E Bl A olF %
Hske] s &3

Sieg and Yoon(2022)= A HA oA AR =8 23} 33U A4 AlEo]
AoAgoHe 5he BARITh AR 7] Alst A4 JIAEIEE ke P
w88 A5k, BPL MYA(accountability) MAUEZS AASI= BPbS 3745
AAA 9] SHA A BAE AEETh

Sieg, Yoon, Zhang(2023)& F=9] 0|5 1% o] QIAAE A3t P55 v
A& FHE &L 7He 33-(hukou) A=} X G 2
Zo} 2hd WSEAE A HHgela, B MR YA} ol B E4E AR
s 4714 B2 adaE grRIith

Fu, Ko, and Yoon(2025)2 7} W E&3t 7|2 AlFo| o|etd-Hed F7]
olf] ZEjF o= g5l IHS HFISIE A7 IEH ACES Ed A|7ko] 52
AoArgols B89 A4S Aot B2 Aset AsolE 129 H4E B
43 ¥iste] Bejd ayks sttt

Sieg and Yoon(2025)2 FHH o AHHAS S8 54 AYS A8 AY 2
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olg 253 wgolit Aoket A& 2L T4 1Y 2] o= 18
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o] 49| =% 54 olibMERy 7 WEY] 70| Hi= Rust(1987), Hotz
and Miller(1993), 1831 Keane and Wolpin(1997)9] A4S 7|22 dlo] 14
Hoih o5 77 T4 YTeE, CCP 24, 197 ABdold 48y 52 5
s eid olad meo) Ajg ok 84S Fgske o 9ol 94l
A75o), B Q7E ojd WHEH 582 Assly don, B
o AR Gl WEe} 714HQ AR AR d Hofe] wuze AAHos gej
Aguirregabiria and Mira(2010)9] A#jo] =& Hgog =St}

1. 29| 71
7t SEHS H|O{H

54 oidE oA F 7HA] 939 Wsrt EXgt A HAE AdeS(state
variables) s,0]1, % WA= A oj¥<x(control variables) 4,°]t}.

7hsdt e AEEY] Jhe polH, de7ksst 537 Haction space) et
o] YAE 7Y A9 Aloke vrow, o]t Aok A9 AJHol wet gEhxl
th £ A s,0lA 7hstt A¥MES A= D.(s,) € DE #AT 5= QU AHS A
oFsh= A== alit Aok, A2 A ¥st A 5ol AUt

1: A 8HA] & &

dy, = [0 LA 8



AL

L
= /¥4 &4A(idiosyncratic shocks)o]t}.

Ct. M2} 7|CH

O

gk 7170l A 9] F-8(period utility)
& @(parameter)2] #E on, WoJA} A= Ajekalc},

A FAE Z&(discount factor) & A&t Wl A8 AAVHAE

Sk

max E[ L7 87 u(s,,d_,0)]

N (x,f,ef)i ?-/\JEIU%, 0:17]/\:' xt'lx:__-‘ 0\1]_;1(19’] %6§ A G

T uls, d,0)E FEHL 07|14 = 33

s

ujgf Aejo] tigk 71ti(beliefs)= mlE2F X Hol&E(Markov transition probabilities)

2 gek

m(s;4q | 5,d,0)

3t A TH OAQ) B PE
7 A W5l G 58L thewt gol Fojgk

Uy, = C(xt,ﬁ)-i-el,f
Uy, == C(O,@)*Vchew

N

L

7]

+ 2-39u]8(operating costs) 5 C(x,0) =0, + 0,z,
« WAH]&(replacement costs): 7,

AeEsiEEe et 2ok

Pl | z,d,60] =

=07, 4
2
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QAgHerror terms) (e, . e,,)2 A1E FHA] EX(Type I extreme value)E u}

29| A4 FHZ(optimal decision rule) 6,(s,0)S Aeigic):
d,=8,(s,0)

ol= 7]djYolla-8(expected lifetime utility)S Sdjslsl7] ¢Jgtolck:

V,(s)=max;E[L 8 u(s,d.8) | s,=s]

o714 V,(s)&= BF olAbAE EA9 7Ex|gl(value function)o]tt.

M) 2A5}F EAl= thadt 22 Avh WA 02 X (recursive) #F0] 7t

V,(s)=max,c pluls,d)+ B[ V1" )x(s'ls,d,0)ds’]
A E7Hstate space)S o]AksHdiscretize)stH, 7Hsat Atejo] 2 S} oF uf:

V,(s)= max,c p () [u(s,d)+BES _ V1 (s)x(s" | 5,d,0)]

L HZAA(non-
ZAstER, 1}
A Ay

23 2 910w, A 3ol §3kt WA ol
HH o Faed.



2F57179] 7= vEvE @l 5] @A77 agom AoHnh
Vp(s)=max,c p u(s,d)
S 7129 7RI A 283 vl 717 Y] Eeld e FAE.
V,(s)=max,c pluls,d)+ BV, (s )x(s'ls,d)]

0471*13

© Vi(s): 719 A selAe] THAIR
cu(s,d): @717 88

- B! glolg

« x(s'ls,d): ZE Aol

A F3k717stationary infinite horizon)of|A= RE tof tisf] 7Fxgker} SUs)ct

Tepd, ANBEE e W WAL BTk
V(s)= max,c p | (s, d)+ B[ V(s ) (sls,d,0)ds’]

A TR 239 e rE T HEHI R W] A

7 }7“]6}—}?— V(S)—E i A}/ﬂ(contraction mapping)2] 1A (fixed point)o] & T}

LI V(s)— V(s) | | <¢, REZE sol ds}o]
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o] 7] Al

- I H9E

© B A 50 gk HojHa
© ul AEHH

Vs(s)E ol8stol 2t 249l shg ol € offieh Zo] AT = U

&' (s) = argmax,c p(y) [u(s.d)+ BLy Vs (s )n(s'ls.d)]

Qe o AE Bt 27 44T FAWSe R JudTt $9F

W7kA] Aol SAE whEeitt

e T[] A w=y
2EEE HpEo2 L S
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R 55 52
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Zo] ALSE Ak Fdo] 7[olg4E 02 F7ok= AFd9] A5 curse of dimensionality)
A7 LAt olE siEsty] oAl A%EQl AHHsE HE AxF(grid
points) Q& o]4lsloh= I7go] " Qs o Yol ALt §84d 7| #ES 1
o} it

NI ot ElEe] B8 24L A4 t A5 wo] RPE. 2E/|ES YR

o 2% 318oAE AAslok TAct.
S dmelo] SASEE 2715 AEo] 2 H9ET T 2%

o
= =270
St= Al 2A19] BAA Weky) o]24 v v Al 27| FEAE AF
SH SHEEEE AA] /AT 4 St dlE B0, FARE £A419] siv TesheE 23

o] sHshE 27Igter E8shke Zlo] Aot

Ct QOF

SAAS 2AY A EAC] AREY S0l wet Aok s AlEsoF 2kt
7L 2A9] A v 7R A SRk U TR NS A
&3te Zlo] avpzlelnt. whd F37IzE EAAM= TR NI gRer g
¥ SolA EAS Edwet AXl AUS nEste] AEdd & glrk

z o] FBHE Fe Ao] T/t &



AFAA AN A BEER] = A (unobserved
states)OIE}. 7jQ1& qu] A 5= (1,6) 2 BE sty 7F5H, oo ket
A4 274 74 43t Zol o] EAY % ek

5(s,0) =6(x,e,0)
TFE R ke AMHSEE A B(integrate out)slo] RAE AMEi5E(conditional
choice probabilities)2 +&& 4 Uch
L}, ZHEN AY 2l

A myoA HF 2 122 ZHEH(deterministic)o]ch. THEA] GF
e Exe & Aol (well-behaved) AFHAIS 2PS A7) Yt g4 =4

24 72 b 29 5(5.0) = 5(r.c.0)7F HI, BHER] G JeESS AR5t
of 27AR MejEEe Attt

Pldlz,0) = [1[d = 6(z.e.0)lq(elx)de

ol A& o]AbeA Y (static discrete choice models)?] McFadden (1974)9]

7(z €641 | 20€0d1n0) =qle iy | 2y 1020€0dn0) (2 | 2p0€0d 0 0) = qleg o | 2 1) (20 | 2,0d,00)
ol z,,,9] ¢, ,° et FEEAZ sufficient statistic)YS 2]

%‘%‘ ﬁ](€;+ 1|xz‘+ 1):q Ert 1)‘1}‘}__“ 11:]_"/11'\_‘ 7]’@% __'z_7]_;_(_-]‘_(_)E Zjv%:?—_q‘ Eot

f(le | xt’dﬂﬁ)ﬂ’ Stoﬂ 9’]%6]';(] %1"15‘ ol 7]'78]6]'%, 8[15‘ il @'%(White

noise) ¥4o|ch.
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=t 271 229 7K

q-83k7 A8} ¢, s Ertzo g BelyRs(additively separable)dlclal 7}
Aty

u(s,d,0)=u(x,d,0)+e(d,)

olF HAXLE HHSHH:

u (st’dl"g) = Eidi,t[ui(l},6> + &; l‘]

o g9l %8 He oS 4 4
0L Z2 THRIE

LA 714 Blof|A #ul vpYAlLS they} 7ho] IHEHTH

Wz,e) =max, . p,u(z.d) teld)+8 [ [ V(x

)qle | 2')de (x| x,d)dx
=maX,c p(,) z;(x d)+eld)
Z A8 7} 8<4(conditional value functions)

d)~ o= 2tk
v(z,d)=ulz,d)+ B[ [ V(z',e")qle'lx")de' ) f (z'|x,d)

Pldlx,0)= [1]d=6(x,e,0))q(elx)de
o].g_ Z

24 A 722 ol8ste] bl EESH:

Pld | z,0)= [1[d =argmax v(x,d)+e(d)lgle | x)de

2% H=skgo] & Hosjew 9x1F o] Fat AP gHunbounded support)
3 Wolof qtt.
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SEHE (227,20 U W, S&3kx(likelihood function): thaa} Zho]

LOo)y=nr,nrl,pd | 2,0)f(z,, | zi,d,0)

QERSE 2A% AHSET Hold8o) ¥ 7Y asw P,

=R o= o]Z4(unobserved heterogeneity)Q EAISl= Zo| -85t
Heckman®} Singer (1984)% wz}, m=1,..., M7|9] AZ 2 §3(type)S A5}
1, ZF 799 Ase} 7|97t vEHL 7};@?}‘:}-

7} §o] BF ¢, 0% FAUTLT Y, S=PSE TR} Pk

L(6)= sz'vzl[EmM= 1QmeT= 1P;m(di | l’;’e)ffm(l’hl | xi,di,ﬁ)]

4, e

ol

7HE 71849 HHLS Nested Fixed Point(NFXP) ¥178]&0 &, ol thd &
7HA HEE dgo g et 9f v outer loop)oflAle B4 I3RS ©AEEIL, U
 HkE(inner loop)olAlE 2 B4 gholl dis] 2AR 7HEE Akl &, B
et 7S Altsto] 245 AHEEY S8 Hriohs A2 R, Rust €L
2|3} Keane & Wolpin @1g]&o0] of7|o] sfigsict

g, W ke IS mjohy] 98] dlojHolA g% 2AR AusEsiE 21
5 7S E&oks T et Hotz & Miller ZarElzo] 1 k]l ofjojct.

il

7}. Keane & Wolpin ¥112|5

oAFo] AFEES BT YT W, 34 BIE chet 2ok
1. B4 wEE A



7|13t o] 7HAe WS oSt Vis) =1 Vis)E ARt
&= v(z,d)E AR
MHEE P(dlz,0)E& AXRIC

N W W

oleig Aawe ALY WAS AT ot A4

sl Basis, 4gEoR 2 AehErhe ok Boks
1=

[e] R
T3 ¥ non-stationary) EAE ThE 4= Qa1 FEXHOZ IR F2 A
o

Elti<x(partially unobserved states)?l 9 5& €A Ao AT 4= k=

M= Ao

Lf. Rust ¥112|&

225} co] A1ZE Zkx] EX(type I extreme value distribution)& W&ok

A

)

[0)

F(closed-form=z EAETH

rol

shel, B9o] ¥akE & 9tk o= 12 AFshd 2A% Aestgo] Tt e &

7}

Pldlz,0] = [1]d = argmaxv(x,d,0)+ e(d))q(elx)de = exp (v(x,d,0))/ X exp (v(x,d’,0))

o

A7 v(z,d,0)= A& 49 JHE AR 7} o).

71 7FA 8k (expected value function) E: AFg Joigh(social surplus

function)t= thZt Zo] o=k

V(z)= [ Viz,e)qlelx)de

V(z)= [max,[u(z,d)+e(d)+ B[ [ V(x' e )l )de f(x'|x,d)dx ]q(elx)de
= [max,u(zx,d)+ed)+8 [ V(z')f(x' | x,d)dx']q(e | x)de

bS] ®AsHE Viz) = rviz)olH, ol Vie)e 9 5 AVIS el

128 _2025 tyH27t HEYT Moz



rr
O
il
_\-1L_I‘
s
O,

ok

oo oi2 AABIE, ZIt) THIEES 2AR XL 2k T

V(z',€)gle | ')de' fF(x' | x,d)dx

( B J
B[ Vix ’)fa: | x,d)dx’

v(x,d)

227 A8 Qolg(Ie] AAEE Thet 2ol Ed FRssik
V(z)= [ maxv(x,d)+e(d)qlelr)de

=, 7™ 7R Vie)e 2AF 7" o(ed)E S8 BoE 5 o

A% ] Bu APESOlN TheTt 22 43 Aol AR
V(z)= [max,v(x,d)+e(d)qle | x)de=y+1In(L, expv(x,d’))
meb ZAR AT o)l TS 53 A 993 DHHoIk

v(x,d)=ul(zx,d)+ B[ ly+In(Zexpo(z’,d))f(x' | x,d)dx’

A71A y= 298 AE dERdth

TN Y (T< 0)of e 247 7HAd= 0 (2.d)7F Tzt o] AlF1H o=

v,(x,d,,0)=ulx,d, 0)+8 [ [y+In(Z z, ‘eXpUH1(xt+1,dt+1,€))]f(xt+1 | z,d,,0)dx,,
7 BgolM= v(x.d,0)7F A £ AMFR] Aol
Rust 2ei%9] @ cheat gk

1 B5ug A neuE 9% At

2. TS 532 A Zo] AR AT v(a,d)E AARIE

rr

-

¢

v(x,d)=ulx,d)+ B[ [y +In(Zexpo(x’,d))|f (x'|x,d)dx

3. 2% AH3ES 99l FE(closed-form solution)2 AAFgITH

— = o
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Pld|x) =exp(v(x,d))/ £ exp(v(z,d’))
4. 938 Hrslhek:
FLo| 9 RS IRIgith
6. 8d H71A ¥HEgict

b

o el YejE AgAhe AT 2AR TS vx, do] AEUORH Aho] 4
. BRoRE ofds] 2% IS vx, IF $XH0E A

of TThe AT AEHLo] Ahelo] 2 Aol Asto] B Alzte] o) A
Z

Lt HM €125

Aguirregabiria®t Mira(2002)E& wa}, ZAE MHSES &3 Nested Fixed
Point FIEZE T3 4 9k, o] WL TS ooz TR, A8 Joigt
2 Thest gol BE A5l

V(z)= [max,u(x,d)+ed)+B[ V(z')f(x' | x,d)dz']q(e | x)de

= [ 2,006z e)=d)u(x,d)+eld)+ B[ V(' )f (2 | x,d)dx’]q(e | x)de
=X,Pd| 2)|u(z,d)+ Ele | d,x]Jr,BEx/ Vi) f (2" | z,d)]

ojuff, QAFFe] £HF ZHYZ v Aok
Elelz,d] = (1/P(dlz)) [ e(d)1[6(x,e) = d]q(elx)de
QAN eo] AT SHA ZEE TE 1 v £ $8% AJHo] YT
Elelz,d] =y —In(P(d|z))

o7y oA 44 oulsict. o2 B, /|t TS PR B4 &
A% AEEge] Yo PAH0E Uehd 4 itk
AEo] 5 7H(D = 2)91 RIS AT BAHRA. 24K 0XPe] SRGL Tk
3} gk

EE,d, X)=y—In[P(d|X)]
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H719] Gd3kE A5l p, = Pld | X)E HJotH th3o] gtk
vy — vy = In(py/ (1= py))
e d = 10] o]Fojd 2L vt} £tk
gy <e tv—vy,=e +In(p/(1—p)))

Ag d = 10] o]Foj7 Bf AR 7|HgS AAeHd vt A

Eleld=1.X)=(1/p,) [ Zo [ 22" (e 6,)desde,
ol5 A=shH:

Ele)ld=1,X)=1/p,) [ Ze Fle, +1In(p,/(1—p)))f (e)de,
oA71A Fot f= Al S E29] TR SEDEITE St
=] Ex(extreme value distribution)9] WESHRe} ERSHE sty tig

Aog AeshH T FHl= v Aok
Ele, | d=1.X)= fiooofle*(sﬁrln/)l)e*exp(*(€1+1np1>)d€1

o Au: FuA BEE 2= 8w 79zt BHIN fEEh

A PHAES Y P BESH ket 2ok

V=5,Pd)*[u(d)+e(d.P)+BFd)V]

o7|A V= Aol 7Id 7HERE UEhfE HEoel1, P(de A5 A9EE 4
Holr, u(d)Ex a8 #Eloltt. e(d, P& AR 2A]e] 7|9igh WEfo]y, F(d)+= 4
g dojgiHolt}. *= YA 7+ FHelement-by-element multiplication)& VAT

JEiEzto]l X € {1, 2}o]al Aeo] d € {a, bl W 7Kgk th& Atk

VA)=Pla | 1](ul,a)+e(l,a)+ B2V (1) + f1221(2)))
+ Plo | 1](u(1,6)+e(1,0)+ B(F V(1) + f122 1(2)))
V(2)=Pla | 2](u(2,a)+e(2,a)+B(f2V(1)+ 22V (2)))
+ P 2](u(2,6)+e(2,6)+ B(F V(1) + 20 1(2)))

H2y ax2Me g g2 131



ol URHHQl FHE thA] AH:
Vi(z) = £ Pldle)[u(z.d)+e(x,d)+ BT /1 V()]
7HE V(e ot 22 MY AgWA4] A4z Aojdck:
V=19¢(P)= (I~ BF,(P)) '[L,Pd)* (u(d)+e(d P))
o714 Ao|gH(transition matrix) F,(P)= thgd} gk
F,(P)=x2,P(d)F(d)

7o) 7ANRRe] S B8« HolWY 7k B go] OEsme o] wet
getirt,

N

Hotz-Miller 2 Aguirregabiria-Mira(HM-AM) ¢18]& Ax}= oheat Zoh

1. AR Aegts 24 248 A9SE Py (d)S H|E2(nonparametric) 02
S}

Vy(x,0) =@ (Py.,0)
4. vy(x,d,0)AAE

oz, d) =ul(x,d)+ B[ Vyla')f(x|lxe,d)dx’

N
o

ﬁg
ST A g,

—

HM-AM 23258 710 7848 Fohe 35014 S83 A tjal 4995
A AAZ = Ao 81 Fisstche A ool gleh T RE o]
Ao A% AHSAE(CCP)S 2] 24517] Aol ket 9| dlofelst a7 Hrh
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= ¢
Hielsto CCPE §HEH0 R 7Y4lst= S Ajteta I P27 A28es &
&% (asymptotically efficient) & 45t32™, Arcidiacono®} Miller(2011)+= ©]
B 29 gsto] Heckman-Singer FE|9] =R - oA (unobserved
heterogeneity)7H] @A & 4 Y= = st

R AL ZoRg 243 AR W] or], A7) 1% 4ES B8
stol AABY] e TR ojskS ABIIT %KY Fol 54 B4 AYQ Ak
32 el Al oSSl FRH 23S AR Ws} A 23l ol
9ebaAE QuEA dlSshe Seold SR /X ek 54 olE(DDO) &
B FHOE & F2H 3 PHES AR, AFH A, WA AP Wt
5 BUAAY B B E4S AAHoR By 4 oA sk
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Lt 2575 o XIF

ZIRES HEE ESslotAY AAREE TPgete 59 e A 1
gt} &5 A(left censoring)oly #ELE ZA7L Y= S olF BAKOE 2FP
o stgstAY g 7MEAE F8alofk gt

74 oA E 9A Bistet R e SOl By AEE BAgelal, 2I9E

o] SAH YYS shasho Tk ofef ZIgA AR HHSP ST S
FEskEA) BISHY, IS FEe] PFYAYS FHste] T4 HHeE okl WY
Hoje] =P @EE A EE20A AMGINL Fug, BHHH(Bernd:-

[e)
Hall-Hall-Hausman) 4, REAEY 5 243 Wge Adsiel s 240] B3

siet. olu ABelAE B2 9 ol2e, 41 wslo] gt of
A9 AgARelY LS Fof 299 9 e AQsp Aasior Ak
£5] 308 2 20| &5 T2 AAH BAZo| 7IE o] R0t AFAT 2
sop YxsheA], T2l wPO] A ABeold At Ak At RYSHA
£ FyHoR WS Zolth 2 ABoIA BAL WA s 4o, 28t
. co

H(overidentification) Ak} 7HH2E
oM B4 274 THoIN AAZ A
EAOR YAFI, o] dEd &

22 A4S0 7 ARl 7= 7Y
(indirect inference) ¥ &o]t}. wjolald
L

o 1
&3 T HHES Qo 7149l EHESS

O mx 1%
rl

1o
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Keane and Wolpin(2007), &4 F(state)2] Hlo|E|= oj/J2] £A] L2 34 Zofof
T 54 2P FHT F, BAALL WS- dolgt thE 9 Hlo[HE HIFAS &
Top(holdout) EE' 02 AREsto] BP9 &P FJFHoE ASoIArt
o] AWM= B4 Aoy AlH9] HolHE HE2

ARESHA] 92 TRE Aoyt Al 9] Al H2o] thsf 2P S
o= vy Hrsict. o]t EESE A (split-sampl
AA g7olut A=y WeoA HYARl 452 AAY o= U=AE AT
EiEa=g

Thk o] IpAold R qke] Aolrl T BEEA @ ol@A(unobserved
X -

(@)
= <
IS
o.
=1
=
2
rlo
32!
o
o,
& o
o fu
oy,

heterogeneity)o|\} A=a Wete] 127 Zjo|2 APE 7MsdS Fw0| Aafdfof g
7FE2(IPW), Z¥H=F ZH(covariate adjustment), A&7

Hlo| et B 59 il SA7IHS &8sto] HE It 324 ZpolE AEs| Al

BARE T AE5E FFAT= AS A HHE YAFHoE mItsfof it
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3 L=
259] |22 7bg AmAoly AT 4 i WAOE WS ol ol=d

3]
A5 324 Bygo|, AA Agojd By vg 9 gy 52E WIS dupt A
SHA A&sH=A](out-of-sample fi)g JFHOE HFdf Rt
o] W22 Adlo] A|PE7] oA HlolE|(pre-experimental data)3h& ARE-5}o]
A% &, A T2 BEE 1T AEoA Aez AYS 2o
glo|Ag sttt d8a Rygo] d&gt Avke} A Ao TEH
EAgic} A Agoly RCT] XS 53] o] theed] ¥
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ME

At 20~30 7F S8R AFATA Q1 B4 HHES 374] 5] %l‘i
olof wt &Rl AFAGNA QI BAZ
(reduced-form) 28-S AF8el= oA WAErA
AE5l= 71R; o|AFA Q] HPH O HZLOIT R SLA %J(randonnzed controlled tr1a1)0]?<]
g, AAE Aol FAHR AN B9l HlolHE sk A2 Hl8o] Wie- &
o] EAY A& 9 Al 5oE E7FsT AU Bon, gl ASAFAE
o] Aol e ot} oldf we}, AFATAES = IEA = (observational
data), £3] FZdolg| & A+5 Pk it

BSARE ol83to] ATE $HT u, APA AV} FEA(AS)e] )X
£ olubd gigre BAskaA G, ofefat ATUEo] Ay o] ZHsdt AT
A7k 7Rl e AR WA s & Wash gk wop Anyg B4 9%
FAA s Tk, Qubg B4 SR ATAAV FRse dTaRoR
A3k o] i Baslth B2, oled B4 shedTolN Hrt FEAY)E o
W, ABeTo] A9 54 A7ATe thet BAo] WA S ge. it BT

MAE Qoby B4 SIg ATAAYH b, daoR ASE RS

Eo] HasH)S B8 AFANE Y aneta oA kol £ o230
o= Aolch

At F2& gt A+ (research design)zh, I dlofEjof] WA AHH
(selection bias)t WA (endogeneity) EAIS FE3517] Aol A+4AL oz o=z
AAoks 244 Bolat Ak HAIE ujgitt. ol A4 w4 (confounding
variables)E EA511, E4 7/MYo] ¢S 7MIE A3kl HEAM(counterfactual)}&
BusHA BEARFOZH, Tt AUBAE dold AT AHadE AEsks A=
22 st} olE 98] R A3 (randomized controlled trial)a Z-& A13Z
AAE ARESIAY, FAoA AdFog Bhlsks Add A% & AA4H(natural
experiment)2 285}= tiefst A AA v, & o|&xEH(difference-in-
differences), =F+#H4, JHEAL AA|(regression discontinuity des1gn) =95 &

BT AT G AR ATAE "ol Mab} Bl FnE FEBLY S AT




/‘R:]Z]

il

Aol gote 7MY 583 =24 F99 f4 & & Stk
ot AFEATE 7ReAlE AT A2 Al 5] Aot ¢-=7F qiok. 1
ol &6, et QliHy B4 HE 5 54 HHES B A8 7Msol =
lof wet AdoE 5 oofet At A4S 4T = A & F=t, 15 sy

7} E¥H<(instrumental variable, IV) HHE2 Ao|t} TS HPHEO Axpy}
QL =AANE, AHRt eFHFE 27| ofF ks olf=E et 1 7-84d0] WA Bt
7%= ot 1y 199013“41—1—3 —4:"77};(] At 2009 | F<L Josh Angrist 5] A
ket FAAol 7Rkt = RS of-85t ATEo] YWASHHA HA e FE= A
=3t Angrist and Krueger(1991) o T4yt 71A ﬂi\ﬂﬂ Ho](exogenous
variation)of] FEHE=d], o= A X|(treatment)7} UAFZQ1 Ao A, AFAAIS (natural
experiment) £ F£A%(quasi-experiment)°] sfgol= ﬂ*@zﬂ HolE 7hAet It
e AEse e /\]Eﬂ‘r"f st &= 9lth. dlE Eo], Angrist and Krueger(1991)ojj4]
£ YRS AT YUY FAE ol8ste], 27| (birth quarteng =+
HEE ARG, 150] ?:1%01] HA= JABIE 45t

ojxY AAMT oLt FAAA HIZH A Hol7} O]‘ﬂrtq o5 B3l =P
£ AlRbsta JIMATE S5t AFEAT 7hssit 12y S5 84 wolo] I

AR} AFAE Yot EAD7E YAISHA] Qs ATt *’*Xﬂ°hﬂr IS =01, 24
2] Wols F7R Ageol A BAF oW, Bt ok T QI 32 A G(A]
TR oIt} of2fet o] AT olf=, =V AdSEe] o8 FHAS F
& HAEE W, ZiQlolut A3t Zo] B mlAlAI(finer) TjollA AARe] Hao

Hm

S Wl W2 oj7] el teh oleiet E asgregate
T2 02 U9l A F3L B9 BOR TIHE PHOR EIUSE T
F31: Yol Agslel gk
2 QATRIAAIL 22 ofsfet AT AAGt o] Bl T mrvse] [Bl
. _

ot Y H A8 A ol sl =staAt gtk 71E E3lA o]
2ot EHSEE (AP AA 79K design-based) EFH4=(Borusyak et al., 2025) =
& FA =¥ (formula IV)2kl A A5 (Borusyak and Hull, 2025), & AF+E 1
AolME & golE Ao *}9-5}—1]} St

7P & dEiRl A7 =] ol T ¥iS(shift-share 1V) -2 HiE]
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THP(Bartik, 1991D)E AlFoZ, T EROA AAIGE T 71A] AE w4
(Goldsmith-Pinkham, Sorkin, and Swift, 2020; Borusyakm Hull, and Jaravel,
2022)& vlwsta, A4 AR 73 SOl wet ofE W4lo] o HEAAE Lok 2]
oh ERL WHo|gdd EHsE dulblcle SHE THAA e ASAlst =S
(recentered IV)Q} AlEFo]Ad EFHS(simulated IV)E Al X 1(Borusyak and
Hull, 2023; Borusyak et al., 2025), z} HZ0] g8 71542 etAsit}. o] Qojx
AR AR A YEYT BAoA & &4 =5 (Bramoullé, Djebbari, and Forti,
20098 AHEIL, WHolgdd TyHsy S2 AFAS Tt 2 JES Yobs
Aot} 11 9ok FA7|9E EaEe] 2 7HAE FUIE ATE

Z¥7ko] A 7|5 Tasol] uh] S2gvhd, 1A (first-stage) 4% g
WO 2 5 = ARSEE A AW, Stata IE 5= A AR5k,
#2290 #&AH|(canonical example)5& AmEH, 7|E EdA A5 =4
0] o9A ALE1, HAFEU=A AHEOEHN, AT ]
(practical guide)2 A&t A} s}

AAZEE EFHSEE L]0 A, FEAQ0 AHA A¥(natural experiment)d
O|Eshe Eselt AAZIEE =] KoldS AZts] & HR7F QUnk Angrist
and Krueger(1991)9] &A187|(quarter of birth) =149} -2 AEZ 0] 4]
Y e AR Q% wSH)olu AAA @] s +-ds] F4H =gt
QA S &8t AAR= olHE @Y A ot BieS IHE TAHSE
A&, sfig W7 A Bigo] A A JFE vAA] gethe 7ol &gttt
S, AAZE TSE A7 AR T2 T A9 dlolE (el A9E A
W 2714 4 F2)E Aot A4 F53Hconstructed) TS0t S O
Ho |t T He= U Aol 9J&Esh= Ao otz thrg] AbdolA st &
B2 OAlA FFo] YA E= ol Bk EFE(quasi-random) WS &
Btk FolA AeAQ THSet o2k

R AEA mRget AAT|EE s 84 7HEY AT ZFdo] thEd
AeH AAAF AN = =g 1 AA7E 119 S FastA FARI= v =9l

= 7Pgo] dilo|tt. ey AATRE =REes QA F4o] ddE= v
(share)o] WA LA et AlHo] 7hsolths AolA ApdstETh. A84 JHoA=
A2 82 FAol| st wE(exposure) AA|7L A Holojof SLA|qL, HA|7|HE =
FoA= 2R AREE HFo] 24T MAEY 543 AATAT AEEE S

I

¢



Zo| Aol T 11 47} $5] wriw QAsaniE A8% 7HsAo] 47IcHBorusyak
et al., 2022). ol AV EPR4TE QAT AT Uglo] obd, o] A Al
A%E BeHpoolingst ek olalE 4 U Zolch

AAA S 7l8ke 5EH EHS § 22 TolA 7P WIS AREEE HHold
G EEo] dis] WA AHEIAL gty Holdhy EEisE 2 A9 A
7, E2dlcommuting zonel, 7F&El[county], local government area 5) A
7} Agpis o) BlAlE QA Qe 2T o LT, BE APEs)
TA] A9k} #0fof Sh= 212 oty™, A JA] et 22 A9
Y = %15’—, 7l ]‘Jr 7] 5 © vAFRI(finer) TRl E Foict. &, G

7R &2 71499 HlolEe o]go] &3 A ‘?‘i—’F [
7 A7ve) B 2= 9l

rE

i

S
e oR

_

'11_:_‘ = ‘?‘% T
Ao HolE Haf 4] (1)9] He3ALFS 5ol olg AmEaLl

y,=Bx;+¢€, i=1,--,n, (1)

;0 W57 ok o|AA(unobserved heterogeneity) -2 Qx}3}

K

xﬁz Sik ik > (2)

k — e
share shift

_I-4
o&

2191 dfA|(canonical example)Z 2013FHE 2023W7A9] 10d 7t9] A<
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W & WisHchange) B 44B(wage growth} 4,2, 22 7|29 |9 i 1.8
N3} 52 1844E(employment growth)S z,2 ALt HQE 6| 2 4= 9
t} o] AL A (N Q& ¢ox} Zo] 3T 4= 9}
A log (wage); = B Aempl; + €;, i =1,-,n, 3)
X emplzk
Aer]'?l,‘ kzl empz glk ’ (4)

- slzzft
share

A9l (DN empl= iNDY] FZLEA 5, emply= W XY U £kARIS 2=
A, AP g,w A W RARIS I8AFES Auleith ot 5 0,7t 8BS
7Fs A %2 97T Aol tiAl A= rARES] 54 ¢, & ANtk A8 ARIE Q)
tHAcemoglu and Restrepo, 2020).

Hohg =g HHo| x|k dHsE
= AESTE K19 A, =7 Ee l‘i—%@ S4(shock)?] 7HgBwH(weighted
average)o|tt W& (inner product)®] FeZ 457 ot o] ¥ xk7HE ERH
HEL e ISR Y] 3522 F8F £ lojof sttt &, K= 20719 AFE
B) Ef= Ag, 4L g 5 ZE oA FhoHA SAEH, EA AdE FZ(9):
A QU 5 ol K719 A1) A1 Wi HlFol wiet Z7] vE adtE UEhd Ao[th

Tk 71 Ak HlolEE ARERITHY, ZF 719 A ER7E Aol o= St dE &
o] A7|g2 1071, B7|¥92 157119 RARE vdohd, §4 S40°] A= tE FA A4
of SLsHA A3ttt 7] ot Eet, 7 Fuitt ARl FA] v'i‘*‘?‘r% #E0H
st} ZSKharmonize)Al7]1= 2 OﬂA] APAA) B7Rso) 74T Ay BRE X3}
7l ° AastEets, oldAR1 A, B F 7|99 Be BAo| $52=% °§°c}'*§ A=
AR SAT 1 ANaHE AEd & %1% At HAE A7 vi$ ojE= Aotk

o|A7 Woldg == AYHST 7 2T Hol ARlsto] AAEY,
Ho|gdd TABeE 5ok 342 A F VKR Ue 4 Stk 9A,
Goldsmith-Pinkham et al.(2020)%= ¥]Z(share) A}A4|2Q] 2JAAJoj|A] QlatzA AHo
7Feshtal %t o] A WAY & e FAY HS s, E A oE
HSo g tiAsk= WAlolth. 2 i A9 JA A HlSS ARSSHARE O
=719 HlSE E85te & TRt #igo] 7hsolth of=et A9 Hlo|dy E:rL@—}F

[¢]

183k 49 gol A8k ol

i

mlm
>,

F

E

o

_4

il

r

ol
rim



(0PSS ofef $eA13} 7o) UeRd 2= glch

K emp,
GPSS Zszkogk Z o 9pr 5)

r=1 €mp;

suos 71EAEG =0, FAX, AY 27F AHoA AA|eh= 18 HF

HHH, Borusyak et al.(2022)941%= BlFo] HolA] drfete F2(shock)] 9
AYguS o]t AEo] o]Fod 4= Qttal B, 7|E 54 ¢, &
o

=
2 AR ol £ e A7ke] REY 47 g Whg ool s

= =3
F8oHs PAlolTk. o]ejet WAle] Wolald Ews H U ofd) a3t Zo] EaT
% ol
K omp
BH_]? _ ik,
Zszkogk k;] empz() > (6)

ot AR S-&AGol A= HISE o838t AR F4E o] &3t Aol B Aojm,
5% 345 = ot
2022 5). 89Fsld, Holdg =y HTH % A+ A7 (pooled exposure
research design)’of 7|¥kstal Qitt. of7|A H|HS ZF XY 7} Z5 F4 ¢, Lot
U =25 Ae=AE UeE k& k(exposure)olH, g, = RE Xlﬂoﬂ FEFE A=
IE iﬁ(common shock)& 2oJujslit}t. o]yt Z&
TE 94 52 5 vk #ol ol=et A+ 15_1-74]
o%}*é% At AAY] 7|9to] E= ofg] 7Hgo] drht &

=

>
2,
qL o
sk
ol
o,
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2. HOIEY At - oYY HISS O18st 2/

A BlEE ol 83 WolUT ETNSE T 49T, £ HolE 9 B
AA Fdd 2 4 (1) 7|2 o g Ao} Hgsta|il gich

yy=Bx;+ €, i=1,-,m, (1)

o & empy,
= kglsikgk = kgl emp, 9k (7)

K empig

GPSS i
Z‘Szkogk kzl empq 9r (5)
B =(z2X)'2y. ®)

oA 8o 4] (5)oflA] Aggl upe} o] Woldg mHHL 0 s 1,0 |

A HF s 8 71EAE( = 0)9] H[S(s,0) 2 A ZolTt. webA o] ZRISE o8
L 7|EAE HIE 5,9 28X (exogeneity)T} ¥o](variation)o] 2]

&34t s 2AHS ARSoHH 4 )3 T2 TRle %S GA HH oY)
A, Z X, y= 27 nx 1 AP =Sy, AW, S WEolth

Goldsmith-Pinkham et al.(2020)0] AA|gt S ARESHH, QAuftA 2ol 9f
sio2l A/dol ZASH=A] A ol o= Uk o] AAoA A9 4] HIFZ F
A9l Gl AzY, AHAPoZT FEEHDE, F A9 HlF9] 2 o]t} o]
o, 2,9} 275 ofg9] 4] (9)9F (10)7 Zo] Yepd 4= 9t

m

Z; = 81911 829 (9)
zGPSS =Si1.091 7 Siz.092 = Sit. 001 T (1*32'1,0)92 =g, t 3:’1,0(91 - 92> (10)
TS 40 1dA(first-stage) 44, & AgHsps s A=
ol 4 (1009 22 st ofefet o] HT 4 Sk
x;=mytmzt

:”0+”1(92+3i1,0(91792))+vi (11)
=rmyt g, t+ 7f1<91*92)5i1.0+ v;



A (11)9] vpA|at ZoflA] RIS &= QI%0l, s, FHOlA o w2} Hol= |UTH
Hapolot o] WAt ErHa=o] A4 7P, E5] QA 7HES WSS 28 HaAt
2¥9 E3} Ax|Z=HFH consistent estimator) S AL 2= itk oj7|A AL W=
ok sh= W 5,9 QUE THA] AHEH, ol 7IEAR( = 0)o Z XY 7t M=

U L&A=

2 TE 34 g 9. T ARG AH|2G0] 1-8GFE 2bolo] dut
A& Yeff= &L (exposure)oltt. &, AZH9] T b
Az HEol weh AsH e s R &
T Az HFol 93 o]FoxE A-AdA It
WA ABAH 5,7t A TS oS Stk ol ARbste], Tt
A2 M-S Felehd oh2at 2t AR, AT (relevance) 7Hgo] AsiEw 1¢

g
D)
>~ 18
1o
N,
N
re
H

4 o
30 ©
£ o
[
i)
ki
i3
rlo
N,
MN
e

=

7 g, — g, 00] OR]HE, A% x,0] 0o] ofjolof gtk 2] Hek. 0} A
1.80] K749 HEGINOE THE QuHel A9 s,

Shtehz 1 A4} 0o] oholof Stk 2710 AvHaE
S wolTg EPHS (7] FANAS W, 209 A%} o] opfeke %

o

&

B b4 oj
B

e
2
e
iy}

B/ (exogeneity) 7Hg2 71EAE HIF 54,01 4 (Dol U 24T %t
7t glofoF e 9Jujgith. olE K7H9 Ao R AdH UvhAQl Her &
, BE 7IEUE HIF s 8ig @] QAT GBAA7E glofof Bt

o
)
r:irisi
M T
o

_o\lr‘
(=

E[QZZ-] =0 (13)
ol A £ 7P F A 7P It ES(weak instrument) W

. 712 B ot Aol £k
(Andrews, Stock, and Sun, 2019), #& =9J9} Al 5F2 HE 1004 25| THErt.
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vl oA 71 AR o7 EAA AXo| ErsSHA|YE 1 A (overidentification
test) 52 B9l {FHFoZUn} BlFES RIS & 4= Qlrh olH¥ AFAI AT
ofFAT, AAEE A 789 BAE ABtelr] St ofz] HebAQl WHE A
Al gttt of7|A= HiE 1 WHEE AEstaAt gk

A, #8%4 AA(balance tests i & £ it ol 7IEHE H]
S0 - Sigoer TFE NG9 H(w)ll 2zt 94?45‘”6}04 A 7] A /-7
£ Zelsks WHQITE Wi o] SARA oA B Ao Alprt fofskA et
O, g HIF 5,001 1 ¥59} AJ3E o] Sltk= 9] ] QY 7He= HHESHA

5

Hx
ofN

j

-

=

£ 740l %\‘ﬂr o] HeE Zgbsto] ZAE okt
Utk 2 At He B2 kE BANA AASHL Ho|gdd = HPE AHSS)
H]—I:HE J—lﬂ%ﬁﬂ X z'\_ o :
E4, GPSS ol s Al 714 o= 7t A19]9] AAH HIS(predetermined
shares)2 #2|9] 7}%(treatment intensity)®, =7} A&E(national growth rates)
S A9 F7|(policy size)® E85t= o]&aEH(Difference-in-Differences,
DID)9] Z#& Zk=t}. olzfgt TN 49| S A3totr] flaf, olgAre
HA] AAQ HaP=A| 7FY(parallel trends assumption)S FHE5H=4] EQI5H= HAAHLS
2P &= Q) o] 7|EAR oA /\]X4.4 ",Hﬂ/\ WHoleH(changes in outcome)
T2 AR} FE5HUSy,,- )T HolE0A &83 5 S o 7hsolth FAHCEE F
Zo| ¥rgs}7] oA 7|7Hpre-period)Q] ATpHSE 3 THHSE AT §, E vS
(si0)& AHSE = FFF(reduced-form) BHPS F7gsto] 8T 4= ek o
of LT BA 0] AupAs WIS [oJoHA| ISR,
0] eFE A3 AleE XY 7o thE FA7E EAFEE vigtth o= BRFA
71go] fHiES A, ATdo s =] A TR vlEo] oS T
AZIA X 7Fs/do] =0t ol=et A2 SEHSERE ofvzt &87Fstt e BA
Z=9] 7129d% ZHbaseline characteristics)o] tisiAz Zggste], WHA HAE
(balance test)S $YPTTO ZH BEAO] AFLE =2 4 9t
AA, leave-one-out {22 &8st 549 S AT & U ole 7IE

el d
R MF syl HYTIHAE, HolBY ERLE P 0E 229

rlr —l>

0




ol B A9 HolHE AlQlsta WA A 3] gog 4L sk Ao]
o o] Wg B, iA9e] e B4o] Wkekel BA0] AL ulH WSHE o
ol¥}A(reverse causality)?] 7FsAS xpotksh 4= Qich

A, 21 7F5A|(rotemberg weight)E AAleto] 7t H]59] §8/4E X

£ = Ak ol ofd A £9] BlFe] &84 7HEE A T/l w24 st
< U =& . 2 VA Ak 8 AE 79 B e ek oy
gt F2E ojdd avE HAY ek JloBnE, FoA He ZA|5] A5l

3. &Nl HolH & H =HEH1 JKSK| ALkLE

Goldsmith-Pinkham et al.(2020)2] HZoA Ho|gdd =M A4S K7
o] uvjZolg}s th4o] THSE A%t Uutsl HEH(generalized method of
moments, GMM) 3o g dj4E 4 9lon, Rotemberg(1983)9] Zu}= ulgto
2 o198 EPHPR o187 26 AAASY FHF A sup s BT

52 o83l Uukst HEY 2AT fora ©l AR 5YTS kSTt Zo] Btk

1’1

4

B = (2X) 2y = (X SGG'SX) ' X'SCG'Sy= hones (149)

2 (14914 SE spp-osine® TRHE nx K FLolH, 6= 348 ¢.2 788
Kx1 #Eolch. ¥ xo} 72 77 Ay, =7wso] 38 52 wEehy 5,
S5 BE S kAR L, S S, = (s140008000) s B 015 ETHPR 083 204
Ay SRl sh, A7 A (15)9 (1002 BaT 5 Ut

K

B = Y aubi (15)
k=1

~ ngkX

a, = m (16)

9lo] 4] (16)01 4 YeRd 4,7} v}& 2EH 1 7EER| o]tk o] 71EX]s pHn] HEo]
27 g7} AA 2332 f5700) Qe 7)ojsl=rke el A B 3 S 9ot gk
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2
24
o
oX
N
%
ofl
jm
A
1o
o
b
i
i)
H1
e

EX BE 0] 71227} W& gobd, o]
Al FLEHch= Foln, Aol ZAAo] 11401;{1

—l>
;O
Ulo

(0]
>
>,
ol
A,

olefat ZHHL FHEXE olgstel HlEE ol WolTY B4 BANS
Solg  ohleh, 94 Mo BES SR S St wok 45X 6,0t 2 B

7 RO fglol WA 24X 4ok GABITHR, ol 7L 4420 B4 FEo]

oJ3) =7 52 «lﬂlo}i <l J«Lﬁ# 49| ggAel Aok Rz, A

A2tz A=E Fohal ). offfjdlA= 2RIH L 7HSAIE Alktelr] f1et dloly -
%3} ¥ o9 Stata IEZ AR5
A (16)°] vehd 2L 7R AL F4& ATEH, 7F5AE ol H ofd

dolele} WAt BAA Tt 4 oItk FAHOE WE REo] g3t 34 0,9
% S7F BE BEAo] oo Eulglo] Qolok o, WS b Wasjh Hehy &
Aol BRI Hlole= o <E 3-DI 22 %/—‘40 —iF‘ﬂ]QCﬂOF ook A WA e
Wy, Wy IDE ASTAR(ES A9 TS E usto], vy s, x
= AYHTE UEdth s 0158 s_0K7HA]= E g HSS &5k, of7]9A 0o]
E0I7F AZ o] 2 7|EAE HFolghe A udtt) g 17¥ g K7MA]=
A=A kF-E T4 ugth. AgHs x5 15800 oAM= 7Iede BF o]
ooz EAAE H|F HeE(s_1,...,s . KE QoA A4 =18 3274 32 29
1 7FSA] Akt A ol2|et HlFo] /fEA g FAsHA= %7] thzo] of HollA=
Atk A7 Goldsmith-Pinkham et al.(2020) & Borusyak et
al.(2022) ®A19] oy EFHSE AR A-85o] glojAE off ol yehd Hs
0] ot & FEEHUAETIE 7MY WA Al=ZsioF & Aotk

|

=



H 3-1) ZHHI 715X AS It CIOlH A=

ID y X s 01 s 02 s_OK g1 g2 g.K
1 0.767 | 0.082 | 0.001 | 0.003 - 0.004 | 591 942 o 2619
0.795 | 0.335 | 0.093 | 0.082 - 0.079 591 942 o 2619
0.723 | 0.108 | 0.033 | 0.031 0.034 | 591 942 2619

A AR 24,

3k ok 3k 3k Sk ok ok 3k sk 3k sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok ok 3k Sk sk ok sk sk sk sk sk 3k sk sk sk ok 3k sk sk ok sk 3k Sk sk ok sk sk sk sk ok sk sk sk ok ok 3k sk sk ok >k 3k sk ok ok 3k sk sk ok ok sk sk sk ok ok sk sk
* Rotemberg weights A4t & Jej= &M I C

* Data: Economic Connectedness (social capital) and immigration

* (American Community Survey S& HIEfO =2 SF KA L= [|O|E])

3k 3k 3k sk sk ok ok 3k sk sk sk ok sk sk Sk ok ok sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk Sk sk sk sk sk Sk sk sk sk sk sk sk sk sk Sk sk sk sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok ok sk sk

* HO|E =227
use "Immi_practice.dta", clear

3k ok 3k 3k 3k ok ok 3k sk sk sk ok sk sk sk ok ok sk sk sk ok 3k 3k sk ok ok sk Sk sk ok sk sk Sk sk ok sk sk sk sk ok sk sk sk ok 3k 3k Sk ok ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok
* Residualize y and x (yo xtH4+E 2tz

sk sk sk ok ok 3k 3k ok ok 5k 3k ok ok ok 3k 3k ok ok 3k 3k ok ok 3K 3k 3k ok ok 3k 3k ok ok 3k 3k ok ok 3K sk ok ok 5k 3k ok ok ok 3k 3k ok ok sk 3k ok ok 3k 3k ok ok >k 3k ok ok ok sk sk ok ok ok K
qui xi: reg soc_cap i.statefip, cl(statefip)

predict yhat, xb

gen soc_cap_res=soc_cap-yhat

qui xi: reg immigration i.statefip, cl(statefip)
predict xhat, xb
gen immigration_res=immigration-xhat

sk sk ok sk ok ok sk ok s ok sk ok ok sk ok s ok sk sk ok s ok ok sk ok ok ok s ok sk ok ok sk ok s ok sk ok sk sk ok s ok sk ok ok s ok sk ok sk ok ok ok sk ok sk ok ok sk ok sk ok sk
* GPSS BO|TY ZRMa 12
* 2. 9| H|oJE{e] s 01, ... , s 0K= Of2f T EOfA
* sharel960s1, ... , sharel1960sK0| 5T
3k ok 3k 3k 3k ok ok ok 3k sk sk ok sk sk sk ok ok sk sk sk ok 3k 3k sk ok ok sk Sk sk ok sk sk sk sk ok 3k sk Sk sk ok 3k sk sk ok sk 3k Sk ok ok sk sk sk ok ok sk sk sk ok ok 3k sk sk ok sk sk sk ok
forvalues i=1(1)49 {

gen sg i'=sharel960s i'*g i’

egen z_iv=rowtotal(sgx)

save "Immi_practice_resid.dta", replace

ivreg2 soc_cap_res (immigration_res = z_iv), cl(statefip) first
weakivtest

3k 3k 3k 3k >k 3k 3k 3k 3k 3k ok 3k 3k ok 3k 3k >k 3k 3k ok 3k 3k >k 3k 3k ok 3k 3k >k 3k 3k ok 3k 3k >k 3k 3k ok 3k 3k >k 3k 3k ok 3k 3k >k >k 3k >k >k 3k >k >k 3k >k >k 3k >k >k 3k %k >k 3k %k >k %k

* ZEIH ] 7I=2Z|(Rotemberg weight) 7|4t

3k ok ok oK ok oK oK oK K K K 3K K K K K o o ok ok ok ok oK ok oK oK oK K KK K Kk o o o ok ok ok ok ok ok ok ok ok K oK Kk Kk o o ok ok ok ok ok ok ok ok K oK

154 _2025 MyH27t HEYT HYApyH=La



forv i = 1/49{
gen rw_denom i' = g i'*sharel960s i'*immigration_res
}

egen rw_denom_sum = rowtotal(rw_denomx)
collapse (sum) rw_denom#
forv i = 1/49{
gen rotem i' = rw_denom i'/rw_denom_sum
}

keep rotem*

3k 3k 3k sk sk ok ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk sk sk sk Sk sk ok sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk Sk sk ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok
* Rotemberg weight@t RotemO|2t= HHZE ZE

3k ok 3k 3k 3k ok ok 3k sk sk sk ok sk sk sk ok ok sk sk sk ok 3k 3k sk ok ok sk Sk sk ok 3k sk sk sk ok 3k sk Sk sk ok sk sk sk ok 3k 3k Sk ok ok sk sk sk ok ok sk sk sk ok ok sk sk sk ok sk sk sk ok
mkmat roteml-rotem49 in 1/1, matrix(Rot)

mat Rotem=Rot'

3k 3k 5k sk sk ok ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk sk sk sk Sk sk ok sk sk sk sk ok sk sk Sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok
* Beta_k (ZZt9| share® IV regression St =& 2z|) A4t

3k ok 3k 3k Sk ok ok 3k sk sk sk ok sk sk sk ok ok sk sk sk ok 3k 3k sk ok ok sk Sk sk ok sk sk Sk sk ok 3k sk sk sk ok 3k sk sk ok 3k 3k Sk ok ok 3k sk sk ok ok sk sk sk ok ok sk sk sk ok sk sk sk ok
use "Immi_practice_resid.dta", clear

3k ok 3k 3k 3k ok ok 3k sk sk sk ok sk sk sk ok ok sk sk sk ok sk 3k sk ok ok sk Sk sk ok sk sk Sk sk ok 3k sk sk sk ok >k sk sk ok 3k sk Sk ok ok 3k sk sk ok ok sk sk sk ok ok 3k sk sk ok sk sk sk ok
* B: Beta_k, KPF: Kleibergen-Paap F = Olea-Montiel & Pflueger F

* (when there is only one endog x and one z)

* CDF: Cragg-Donald, G: g_k (shocks)

3k 3k 3k sk sk ok ok sk sk 3k sk ok sk sk sk ok ok sk sk sk ok sk sk sk sk sk sk Sk sk ok sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk Sk ok ok sk sk sk sk ok sk sk sk ok ok sk sk sk ok sk sk sk ok
matrix B = 1(49,1,.)

matrix KPF = J(49,1,.)

matrix CDF = 1(49,1,.)

mkmat g1-g49 in 1/1, matrix(Gr)

matrix G= Gr'

forvalues i = 1/49 {

quietly ivreg2 soc_cap_res (immigration_res = sharel960s’i'),

cl(statefip) first savefirst savefprefix(st™i') nocons
est store reg i’
matrix B[ i',1]=_b[immigration_res]
matrix KPF[ i',1]=e(widstat)
matrix CDF[ i',1]=e(cdf)
1******************************************************************
* W ALLOICH Zut S 25 HE|St F, HO[H0 HESE 7t
3k ok 3k 3k 3k ok ok 3k 3k sk sk 3k 3k sk ok ok 3k >k sk sk ok 3k 3k sk ok ok 3k sk sk ok 3k 3k sk sk ok 3k sk sk sk 3k 3k sk sk ok 3k 3k Sk ok ok 3k sk sk ok ok sk sk sk ok >k sk sk sk ok sk sk kok
matrix ALL= Rotem, B, KPF, CDF, G
matrix colnames ALL = alpha_hatl Beta KPF CDF Gk
svmat double ALL, names(col)
local K = rowsof(ALL)
keep alpha_hat Beta KPF CDF Gk
keep in 1/°K'
gen abs_alpha=abs(alpha_hat1)

3k 3k 3k 3k sk ok ok 3k 3k sk sk ok 3k sk ok ok >k >k sk sk ok 3k 3k sk ok ok 3k sk sk ok 3k 3k sk sk ok 3k sk sk sk 3k 3k sk sk ok 3k 3k sk ok ok 3k 3k sk sk ok sk sk sk ok >k >k ko sk ok sk sk ki ok
* 0|2| £H|8t 27tH (countries of origin) 2|AEQ} Zst & HE

* BPL_countries.dta (=7td C|O|E{)

3k ok 3k 3k Sk ok ok 3k 3k sk sk ok 3k sk ok ok 3k >k sk sk ok 3k 3k sk ok ok 3k Sk sk ok 3k 3k sk sk ok 3k sk sk sk ok 3k sk sk ok 3k 3k sk ok ok 3k 3k sk sk ok sk sk sk ok ok >k ko sk ok sk sk ki ok
gen bpl_final= _n

merge 1:1 bpl_final using "BPL_countries.dta"
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drop _merge
save "Rotemberg_results.dta", replace

S, Stata FTE AY AAsks © dsobA] @2 AFARMH, Goldsmith-
Pinkam et al.(2020)0] A|&5H= bartik_weight mj7|A]S Ujgdol A2|5to] ¢ 7HH
SHA AAE = Qloh. ShA AAE AL TES}F SUTE S St bartik_
weight H&go]9] dAl= oSt Zth y(soc cap res)= ZEWSE soc_cap_resdt
© HPE ARSYTE 9uloln], x(immigration_res)= WAHE Zh= AWHSE
immigration_resE AR5}, z(sharel96()s*)— T4 sharel960s2 Al&eR=
=7hd 19604y Wu} H5S ol&sk= AL 9ulgith. weightstub(gh)s £7
(shock)H=2 g*, & W=t HA o] e H7FE o|UA}; £AE ARSSithE 9julolt). 2
ToN & 9}%0], LR AT E AASlos B2 HduolHE AMSSh=
BF S SANS BEe AN 52 BP0l 91 A& B+ bartik_weight g 0]

2 A1g3b] Aol Sagsol At

sk sk ok 3k ok ok sk ok s ok sk ok ok s ok s ok sk sk ok s ok ok sk ok ok ok s ok sk ok ok sk ok s ok sk ok sk ok s ok sk ok ok s ok sk ok sk ok ok ok sk ok sk ok ok o ok sk ok sk
* Goldsmith-Pinkham et al.(2020)0| A|&3dl= bartik_weight

* IEZ 0|25t Rotemberg weight A4t & matrix2 A&
*******************************************************************

bartik_weight, y(soc_cap_res) x(immigration_res) z(sharel960s*) weightstub(gx)
mat A=r(alpha)
mat list A

2H¥I TSRS Akt Folle, 4 B v i =R ARSI 1Y
ZAA4:, F-EAZHOlea Montiel and Pflueger, 2013), 12|11 ZEW1 7[52&
7 Balok= o] YxkAolrt. o]2jdt A= #9] P4 0= AA|oFAHGoldsmith-
Pinkham et al., 2020), [O18 3-1] &2 F=H=2 AlAskto] Yyebd & 9ot [
3-1]& Baak and Kim(2025)9] g7 AiS A|ZFalst A0 &, olglo] A3 zp&oj
o2 QQEkads A% g A7 vle AGARS] R2AHAmerican Community
Survey)?} Chetty et al.(2022)2] 73A1Z AZA(Economic Connectedness) Ho|E|E 24
AT
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g o "ot O '\__)
O o
-5
14
151
_2_| T T T T T
0 10 20 30 40 50
KPF

AR AR A,

o] 1Y 7 FAlx7t 1Fo] AA Qlytae] dupt 7|ofs=A1E HolF7] {18,
7t2%0]= Kleibergen-Paap F-EA42HKleibergen and Paap, 20006), A|2=oj=
AE FRAE8), 181 ZF 99 7|2E 2RHI 7R XE BAIR HA| Wold
T TGS o83t T A= 7IE FAOE HAStY] I ALk AolE
Sheol| ot 4= U= SHITE Wik i FAXE Ul 9E0] o] FACERH
He] ZojA qAotd, ol 7 olulA} IFo] FTEHWSo| mXe myprth o]dF
(heterogeneous)2 AJARSIT}E Baak and Kim(2025)9] oA 7iE &4

.% o
B3 A9 ol EHSE ol g3t 49e] 24A9) Aolrt A7) YA Lrehd A
=X

_

O o T
£ QI % k. TheE (19 3118 AASHE Stata FEZ, A A4S FES
A AP % ololx] Aagsfof .



Sk sk sk sk sk sk sk sk sk sk sk ok sk sk Sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk skoke sk sk sk sk sk sk sk sk sk sk sk kskok
* Rotemberg weightl} =7} H|ZES E1HALE 0|25 HE
* JZ2 2AMEe AE
. o =] — = o
* Rotemberg weightE 2|¥ F5t= ZEE 0|88t 2t ¢SS HIYPL=E &Y
3k 3k 3k 3k >k >k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k ok ok sk >k >k >k >k 3k 3k 3k 3k 3k 3k 3k Sk ok sk >k >k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k >k %k >k >k >k >k 3k 3k 3k 3k 3k %k %k %k %k %k sk k k >k

quietly sum ab

local bg = r(sum)

disp "“bg""

drop if KPF<10

scatter Beta KPF [w=abs_alpha] if alpha_hatl >= @, msymbol(Oh) || scatter Beta
KPF [w=abs_alpha] if alpha_hatl < @, msymbol(Dh) legend(order(l1 "Positive
weights" 2 "Negative weights") pos(5) ring(@) size(small) region(fcolor(none)
lcolor(black) lwidth(thin))) yline(-1) x1label(@(10)50, nogrid) ylabel(-10(2)10,
nogrid)
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Borusyak et al.2022)& Y& F70] 7]uste] WMol ETWAS HASKL <
SEAE AESHe o] et o2 %t 4

3 4 Q)9 T P HALGL o83 FAL o g WolIy =S 75
A

¥, =Bx; Te )

o714 s 7129 A (N3 T K729 718 &2 Wzl FH=
Hlof it Ty BISe] A
TET W ARSShe Ak TSt

us LS emplk
L glsz’k 9 — kZ1 emp; [y (7)
Argeso] WA BAIE sk Yol 4] (17)7 22 Ho|ghg s 51,
Ly K emp;
ZzBHj: Z sinodn (el : Z * 92)s (17)
k=1 F=1 €MPy
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Okx AlmE  Goldsmith-Pinkham et al.(2020)9] #FAl3} 9], Borusyak et
al.(2022)2 H|Fo IA FofiA| ¥ B47|719] 7|EdE &2 AAGES 7HESHA
U, oju] AwsolA HEE 7IEAE 42 ARSRTHA(s,), WSSt SUsH #
A 4= Quet. o] 2 QIS HlFo thgt WY EAE S1-8% A, 719 54 .5 9
AR 34 ¢, 2 HAske EHSE AR o714 M2 34 g 24
=717} obd thE(other) F7HE)9 k52 F4(9] Bh)S 9ujgitt. o= B4 4719
AFA 52 AAOIE Aol AT + ATkT BT, ol o A T} o)
o 3702 ek Yol

329 olga AEoIA WolTg TS PUs WEA Ak S AL Thes

2ok A, AmA 7Pgol AFsior st ol okdlel 4 (18)2 EET & Ytk

n n K
E[} =" z] = E[X Y suosizi] = O. (18)
i ik

quHoR, ofs ERMAY} NS 2E HPES 710 JBAY Basis
A 215 i W 79 Jo AHAE ACtste] dRkslet Aol o] 4
o] oJulE thE SHoA AHET] A3, SAFTEANAY HIF 5,9} o]2{3t HIFo] A&
9 34529 We 1,8 ofleh ol Hejih

< ~ LS

i
Y,
oX
ro
o
E)
1o
-
4
4>
filo
=
ofll
|o
Hu
*
o
o
o
_orlg
]
)
By

shee] goht F237)
o} o] BT

K n K
E[ngzslmrz] = E[Zgzsk@] = 0. (20)
% ; %

K
A Q0)9 7HeEl F ElY gis,z] & GG 78S v, & FASEIN HES
k



Aolet & 4 hon], FASEANA g7t 7,9 ABBAL Solok ek 7Py Bk,
= 3A%z0A g7t ETUSRA QB S FEAAF s Zolth
SA, EH0) QA e salow HaEshd thedt 2k

E[i e] = E[Zzszkow] 21)

7

o] 7H4 9Al FASE WFES ol 8d) AdEstd o 4 227 EEHEH
E[i BH] = E[Zzézkogkez] [;Skgzgk] = 0. (22)

opAek SAE B, s o8 7P Ae 9 B gt $EE 2
243} €, A} glolof ke xAoE AAL & AR 2AWS9 g7t
EHASEA QB 7S FFAIAHOF sk Aol

919l FE(moment) XA Hr} ¢ Z olgfatr] flsfiAlE thA] T M) &4
$3 A4S AZE & Fa7t Atk AF7IAY AAAAE 27t AFgSEel2hd,

ol AASEY 3|HEAo] & ZolH ofefj9] $:4]3} Zo] yehd 4= itk

Ve =Bz, € (23)

K o~ K 0 n n K 0 n BHJ
~ Y o=19:Y Yi=19 X Siro¥Yi Zizkzlsikogkyi_ Yz y; (24)
IV_EK a"'_z y _anK . 0 _Zn BHJ_ . °

k=19 Lk k=198 X 7 S0 % i = k=15k09r%i i %L

AgHoz, JMe) FA5E SFNS AT 2 EPUSE A8 FHUL,

7129 i5E FARA0NA A FAE o8 FET WG =S 7V E A
& AT FLsitt. ol AdeEY AAE S5 oAl Aehd ved Ao o



2 7] 419 k9] 18HsHE g7 Al NG pANY HSOoR TR WSt
F29 K F UFT7HE yoll tist B3 AJHBA 7t glojof gtk Aol
%, Borusyak et al.(2022)9] 7—%% 7|9ko g APESt EHS SRR B0
2 Ak (shock-level)Q] TS Al ==351 AL
9] HloJelg o] &5f FAEHE FystrletE, HE3t TFEAE
Hog *P‘ﬁ oA =SS H8ohs A FAHOE FUTS THT
o oty £9 FA(trade shock)S A2 Z-golH, Ho|dg TFHSE
A A7k v)7t opd AMAZE Blwo] EAZ SHIHET). Fof o AA5] AP Autor et

al.(2013)9] A A g u]=to] Al &= =9 Z7Hendogenous variable)ol] tjgt =
THEE OE A=Y AE diss Y SV ARSoke 39 2o &, vl=

Ho] 97 EA3t FHsA(quasi-random), THE =7HS0A TEH ARIE FF0]
nl=2] A A4S duht & AsteA7t A9 4ol Hr

J%tHH Borusyak et al.(2022)9] HEH-E Goldsmith-Pinkham et al.(2020)0]
7148t Hl59] QS o|EA BHEHEZL? Borusyak et al.(2022)9] BAES HIFO]
QAR A5 ZEt= v GerAQl FHoltal & & ek sRARE Borusyak et
al.(2022)2 Goldsmith-Pinkham et al.(2020)2] Q)& H]Z 7}4o] FAoA &=

57 olei@ % itk AHEt oI Sol, 54 A w‘ﬂg 1 WL AP A
o] BEE) G wBFF S S A A AT olue] SAm)

SHEAZE U&= 7] wiEoltt

ololl Borusyak et al.(2022):= B39 28AS 2ok ti4l, 2AH 374 g;°]
28 7bsot, $40] FE0] B2 FEORE EActal, 7 Ao T2l 71
(as-good-as-random) E@A oz FgEti= Hr} gstE 7S AAISITE of7|A
FHo] W2 o] FZol gutog BMTRl A9 f(n)o] A-SsHAY 1EL
Be A9E oJulst, of#{gt 7Hdstol A Borusyak et al.(2022)9] =G FPFE
%749 & K7} TR 7= HE&(large K asymptotics) E435101A AR2AHF
(consistent estimator)o] =t}

71€2 02 ol AGeEY] HolEE FAFECRE ARSI F, o] FHFEA
TR 2 ks A ok ot =R A4, B2 At T Be dA

A o] Ax3HE Ho[HE F3f olFold 4= 9lor, Borusyak et al.(2022)«= °lE
913t ssaggregategh= Stata =5 AlFST A7 A%, Ad 79 B gE

‘?



£ 95} Borusyak et al.(2022)% Goldsmith-Pinkham et al.(2020)z} B]%:35F o g

ap e ZAsich FaA A4, Ba AAEA A% So] 170y, thk j2Zoj|A] o

qY YL U B oP, AT p4EHE BUT R4S 2P 4
A4 o7t 9)

5. 2= &+ HE Al

o] HojA= Ho|gY =7 288 V& 39 A AHIE ATEIA thth
WA, oA HES Ao ARESE HoldY s HEAEE Tabellini(2020)9]
ojfl AE AHEI, YA F4Z Ao ARSI Bloldd =g A E Autor
et al.(2013)& Asich

Tabellini(2020)= 19417] $HHEE 204|7] 287k ml=to] A3gt i o]7le]
Alti(Age of Mass Migration)Z Al &, o]qlo] uj=to] x| GAA|e} Atglo] u|xl %
14 AAH- A2 FFS B4 Aoltt. Tabellini(2020)0E GAH WeoA ofql
| BAEH] AeHo|ASolz, Al E&(native-born)ollA| BAH-ALE]Z] H]E-
HPch= olF2Rl A4S ASF R HojE
Mo m|=o] 7R2-El(county)old, 1850WRE] 201097k <F 16049 47
HE ARSI HolEldls JAFAAAL ofIRL Al QI HIF, AMIE 1L
A5 WESRE, FX A JFHETERE) SOl ZFE I ol2et Wigt dolE
Asksto 24, Tabellini= gt Al7]of] 2%l o
T AA. 1Y ofrlo] A HHA ] H|A= FF=S
A4 (endogeneity) £A7F AT 4= . & Eo0i, A7 STt A GUSE o]
27 B8 7Fs/d0] woug, olul f9i3t BAGA Atole] whedt QH(+)9] A=
J[ITAE WHFHA] &= o AUk

olE & Z3sl7] Yol Tabellini(2020)= 2XJ2] HolE ¥ T2 ARSSH ¥oldy
TS ARSSITE 18804 AJH Zh 7E7F BRSE o|WIAl E41= H]F(share)
S 1Ak, I o]F A7](19109d o) ZF EAISEE u|=o 2o o|ql FUHE
(shock}g Fstol, zt A o] A == YA o|9lFZ(exogenous immigration
shock)}& AAI6IGATE. &, 1880 AIHS] 17 o]zt gule} o] 39| ZAl=d W
SHshock)E ZAgstd, ojwl 8-9lo] 9l wol(exogenous variation)s SHSH 4=
YA Hokar AA S

S,
s

O N

o
ol

o
=

FE:

o

—_—

> mlm oo &

d
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4 4y, @71Fe R, offlRt fdo] W A oA ARY 18] 51 EA
3Pt 7153k 5 BAIEEC] EHsiFARE SAlol vl EAIS] e st 1-&
Aa7t Ueheth o9kt w A FAAoE Qs EAMIo] A ow Eg 9
Aol Flon, AR A Joj|x= A4 71 ZX4 whdo] T QI ey A7
Aog= olql flo] EWtH Aol I1gA] k2 A AHTt &A1 HAEE HIA
ot olEet A2 A vl Aldo| o83t Ho|d Tt AA Y A F=
£ OEn, A AFS 289 H5e 84S Aot EA Alleta & 5= Qloh

Autor et al.(2013)2 20008H] o]F FZA3| 7K F=¢ £ FA(mport
competition from China)o] u|= Y| X9 :%=A]ZHlocal labor markets)o] v 4

o

T ATH R B4R AFtolnt. AREES 53] AR 18 Ha, AUE 45 A
A 5 71 5 FAAR =e5A aiol] R, £9549 A7t EA4FANE
Al =g

Autor et al.(2013)9] E4L. m]=o] E2H(Commuting Zone [CZ]) ©oA o]
Folxlom, 199095 E 2007971A]9] HlolElE &-8sto], A AR Al
= =% 37t dlolHE ZAdotylth. #l AgRigee] WA/d(endogeneity) EA17F &
A o Stk S 189, ARES HolgdY =HseE =Y o] TS =
1990¢ 71& 7+ A 99| Ay’ 3-8 H]F(share)S 17gotal, o]F Ao #=
g A S5 9 S7Hshock)E wl=o] obd thE AX=9] ks Hdolo], 7154
wsto] AAktct

o] A A, T HE ANRORY] £& F7= F= 5 5 375 209 7
IstH, ml=r W 7iE A9 AATets Fasiths 284 71800 7Rkt &,
Ao| oRYS 790w 753 A0, Borusyak et al.(2022)0] AASHe o}
A& 7|HEo R g Holdhg =LAl & 4= Qlrk. AAIR Borusyak et al.(2022)0]
A= Autor et al.(2013)9] B4-& AAstHA, £lE0] 43t ti2 do[HE A+=
slote], SATS, & ARITERIE 284 82 5. ojnf AFE3t HlolHE o]
B3 BN =R E S0] dufy e A= E 5% TTHIFIETE ¥
73t Fe ARG, o= ARIERIE S4E ¥geolth

oj of N,

¢
o

>

48}, AA] 1880 sshy] QB0 45T ACR Uepith AXSe B4 Axt
So uigon, Rexgspt Afdont 5e4L ¥ 4 AW, 1 4L A
9 AS7o] 2FRHOR BEY 5 YSS XAtk olo] wheh, 7ol W) oie o




Ao 3 AR A7 W Ao A4S meIRe] agS At o EEL o)
¥} $2%2(China Shock) A7:9] 4 Z%olr, Ro-wEAL-AIHAE A2
S AZATE Ae YT = F shietn 2 4 ok

(o]

. =JU S5 X A

Ho g =HSE =] ARloll &85t d#2Q] dA+=2 ATEL

201(2022)& Goldsmith-Pinkham et al.(2020)0] AAJ5t H]
=2 e AAE B4l F&stolth A Y=l ASFA 27t
U A&t HAS E85t] =<l F9do] A vA= A &

N 2L
ol
O
()
)
e
ot
o

i
-9,
ofo
ol
>,
e
)
It
lo

Jr_gl_l,
o to M 2

1

o

el

A
S
o,
oM,
2
o
oldk

Jgolu AAojo] B F5st x|Fgof] Aeyo=z o wo| §Y4=
J BAS d2st7] Yai, Tabellini(2020) - Card(2009)9} Zo] A1
H-22E 9=l A H]F(Initial Shares)2] QJA4dol|A] 2t
ARESIATH Y & 4= Stk EA4ols PR A YRR SA] 2=l
AA3659] A L A& 24 ARE Agote] H= 7|2AAEA T2

S atglth. B4 Alol= Autor et al.(2013)7} AMRSt AT} B|&EE A7) HE
(long difference)® 8-S T sttt AL 20094 QI thy] 2009~2018¢ 9]
=9l 9 7MoY, AHss 20 AUES AlE) 249 AHEgholch =
= A 71E9% 200799] o9 HIE-S ARSIt B4 At 9= FU2 7]
ZAAGA Y FAYS T7H7I= Aol AU BAFCE FosiA]= EokoH,
SAIE 9A FacH] e ATE B

9, Kim(2024)= 9=19] 28 =90] A9 k5 420 vXe JFS 243 o
T2, Borusyak et al. (2022)9] Ho|gg = HSE 8ot F49 S Bl
AAEIE AEet HEAQI g AL & 5= ot AAZHCE 71 w2 28 1
TS HolE =g o E AlETHY] E48 :
201997470}, kg 428.9] AHAQI A2 = I-8HE Y9 YTH(WorkNet) Al
T 721 1¥(Gob vacancy) HolEE At oH, 28 dojEl: IAZEAY(FR)
o] A 2R AL fojelE &8otYth o] Qo BAWS: F5E Aol TS
A 118 9 QIFEAS £95A 52 AT

Acemoglu and Restrepo(2020)& H[g 02 A9Y 2EL-ETE A9 U A}]o]

rre 1o 4

o e 9
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AA = vl s A e A=Y 25 =Y WekeS &5t AEshal 8 41
g ARSIt T FaAGHoRE S ARE 25 540 ditt WA A
7 et g, = AR W 2R B FAVE fARE A7IEEY AE 25
=9 HstE s oA FA() 08 E8otglth Kim(2024): 47hE29] 4
AE 25 =Y $40] o= AY =AY HEHA o2 SN 7S A5
3ll, Borusyak et al. (2022)0] AQkst 4] £ $52] WAA HAE(balance tes)E
YOIl AL o83 A Aotelginh 4 A3 2R =Y g7t AA A =
5 FRERDE H2AHE SA= FOsA] LA A & A9 o]d A av}
TS et

o] F He] 7| AF ool et84l(2023), AES(2025)F HIFES th9] =]
AFoA Holdg =47 BsHAl A 8HL Q-

rr

7. 24 HIZ vs. 214N S

ShA] Am i ujel Zo|, Holdy =Lt XA vl 7Pgshs Walnt oAy
AE 7Hohs AR UE 5 otk AZATAE F FEY F ol A AR
A A7eof s, o 1T F 7Fx] ARG ofefoll aoFct.
A, APHSE FAJSH= HlFo] g Ao E5kEQEA] Elgof it of
olgl & A-L(Card, 2009; Tabellini, 2020 £)2] AgrH4=Ql o|¥IA} H] &L
A B4 27t &4 oRIRe] AF REE H|Fo2 ARSIt o] H|FL Ao}
o> Wb, IhAQ BE} fast AdEe AFchd QAF vE HAEwo g5
Aol =}, vhy &2 Fod=A AL(Autor et al., 2013)9] v]ZQl X9 W AHgE 1
£ HF2 T SR ofgt b RgF Aoy 7|&FE 5 off FZ9] Hut 4
271 @ 5 Sl o]4F HlFo] ¥-E2(generi)d FLol= AF F4
2AshH, AA| Autor et al.(2013)% o] ¥4l SHFch
E4), HEo (K)7F 85| 4 d@T €t ok Borusyak et al.(2022)9]]
TE2d, A 2 FIHS $A5E0E Ho[HE Arzilele] EAF So4S
orgict. wieF $29] S 2o x7F B E 7tk A& (asymptotic) 7HYo]
Aat7] olE gl 49 AFmrt Wobd 4= gtk dAFoz . k9] = BAHSY
S5 gold BE Aok ot 22 HEoA YT 5= 9l WO(finite sample bias)

FAZ Aok Fhet.

o Q{)h

F

P m_?_h

i
iy
9,



AR, v159] A4 7Hgo] dAA o= et Brlelof gtk QA $4 H
W HEY WS ol8she RHH, A4 HlF e HIF9 o84do] B4Ho
ot w2bA A HlolHE E8s7] olgAY HIF AA7E Azt weh A9] HolA] o
£ BAA(sticky) EAS HRIttH 84 34 Hdol o vitgoltt. &3 HIE
YL FHE| Yo YR W A HFE AT A9, A Agusete] T3
o] oFaf|A oFet - g(weak instrument) EA7F BT 42 QoiE AE HIEA] 1L
2{gfjof gitt. o]F Higo R, thaat Zo] s Evtet E 7HA] AAMol dig A7
< AL A BZs| Bzt i

¢

_

i

o

A2 ) ofg A9 AITE HolEE Bast glom, FHoRE 4
U ] 2 WAL ek Acf® 2 A Bk o] BAZAL A
A 49 R eFAEE S 9o

éﬂ‘%ﬂ%‘—é Aol ) Az 188 5& 1HT ¢
g E9s 44 Ho] Bet 4

¢

o 1 ol ol 7}?
D A HES o183 A8 2) A F2L o8 A3

& 2)
Hgo] Esfslo] oA oka WaHolso] SH FAL 0|83t AAZ A
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AZEHI0IM =HL0} JHSASH =

1]
[
i

1. AlZ20Rd =4t

QA FA7INRY] Woldhg =R rpF(dl ARDY o8 A4S, 9
U HISS o8l iR AY)oE Fgohs Ao 5H
&, (Y WA AR 2o gk 2R84 HHolE 27| sl ok
k9] YA SAS E&dl A5 HASH: Aot o]
& FzF9Ao]z] 9ke(non-random) H|ES 71EX 2 ARRS)
(special case)o|®A] 7F wIHs] AMEEl= A2t & & 9l

o|XH k9] YA % = oA 2FstE 7B FHE FSHA]
FH= dRkelsle] EHRE 5ok Ax 7Hssh] dEl,
THPES AmETh 18T ofde, A ¢ GA] 7o il
2 A5t =95 AstE AL Stk QroflA] AR A} o] GA] 4] (1)9]
AARFS 7R

Y; :Bxi+€g- (1)
= A ]Eﬂ(treatment effect) Ecﬂolﬂ}tﬂ = x% A Atke] Ao 1, EAAto] AL

09] 7S zH= gu]Ha(dummy variable)7} ®t}. wh
22 97 S0 s 2HEHH, » & ta 2o] AR o Uk

—lﬁ
N
N
N
_~
N
I
1o
~
Y
i
®

z; = Ilw; € g, 5] (25)



7F & e Hol A= gtk Holth &, Y 9 (#5E 2 BSHA $2)EA

3 g,0] G FA) geiehe, sAglo]

o] et 2 Stk WakH, AS B oo thel T SFRAEE, Bel7)

ST QlahaE 24 @ AEE & gk ol2id Wel Q4H $7o| 7 BT |

o F49105 T ) el Al 202, olg T8 LR AR A
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filo
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AET Ol EFRsE IS WA A wiAeh] Y5f lgixom T
29l Hlolg Aol WAOR fEHrt o= 7 IETRE shte] A dolvt &
&9 o H8Hchs HollA Holdd Zywiset 124 Zpolrt Qltt. &, Holdd &
FHEAE Shte l‘lﬂ’ i7} of2] Akdo]l FAloll &= AR AlET ol =R
(state), Al(city), FHcounty)Zt Z-2 A AHLIZA], 5hte]

>
flr
X
=
rO
)
=
n=)
Fl[‘
N

WA AETE AAIAE AHAZE AGHRE o|FojR|= B, AlEHOlA ==

= 22 Yo RE 5T 4= Qlty. WA HolHoA M= R Sl EE
(nationally representative sample) j=1,---, J& F&9|2 Z=Z(draw)slt}. o] A=
o9l 329 ZF 7iRIo] i7F AFSte A k(i)oll AFITHaL 7Pgska, HXE WA E
g AA B &S AXleto] AlEH 1A ZHE Y 2 ALERITE o]F $24]0 E}
W o2 2

J
ZH[“};‘EQW)]- (26)

ot o] "ol AR5ty fIgk 242, AFAE ZF A9 koA AA7E PFA=, =
2 A2 AFo] FolA & A (FANE Ao HEs] ¢ glojof gith= Holrk
AJEdo]d EH4=e] ARl AJAE Currie and Gruber(1996)= o= &4
% 984 Y ALl HoA el =(Medicaid)2] #H4 ih‘JV} QA Ul o} A7} A HO
Z QA JFS BAotqrh ddAels A Pl Fstate)BE ThEA Y=

A

=

AL, A3 i 9] BEE|A] g2 EAo] B4 F5 A9 o}ﬂl THEo] HtjAlolE A2 g ¢
Al =3, ol 542 At dF2 vld < ok of=s WAdS AAHI
9Ja) F(state) A T Awd EATLS whjsto] wdAlo|= Hof AL AEHo|

168 _2025 HHME7L HEQT Magipu=agt



Hstal, ol AARg 2o gk EHSE EE51Ich

TAZHR] AlEdolAd IS oS3t Aot |A, B4 el 2 7jQl ek sYst A
gAo] &ol= A= t® EE j=1,...,/5 HolEA T2 . ke,
E 20| BT ;7 AFSHE F kG)o AFTL ZPERbr 1=A sid = £G) 9]
g3o] wiet o] 7MY HE F HgAo|E 5] AAE ZHA F vl&E off 4 (27)3%
2ol A4ketet.

o= %jﬁlﬂ[individual j is eligible if they live in state ] 27

ol#gt AlEH oM T RSE F ©9l9 HF BsHE )W WHol(variation)Q] ¢
o= 47| wizoll, 7iQle] WA Ae ZAIE siasta S X k= Aol 9l
oh wEba X QEE AJolet FHe B |
stamp] g3, 39| EAEF F4 5) "S- -85 H8E 5 Uk otk ol
AlEdlo]d == @4 AADRIQ! rEo] HolvlkE o]-85to] Iy ayE AHs
7] wi2oll, 7HRl 9] thefRt HE/8S whgskA] o, 1
o] Adwelo] ot AP A4 7FsAdol = 55| E A7|7F AAY, A 97t BA
atol7} mu|d AL, 194 2ALA] F-BAFC] FotA] A U 49| Al=]
L7t 9ojd 7hs/dol Aot

AR Aol AEFo EarE TSk T R I A (overidentification
test) o83 4 k= Holgtal & 4= Slrh AlEd ol T s HFH o= o
Ol AoF glo] 5 4= Slou, Hort 4RSS HE Rt =T F 7hsAdol
Utk ok, Aol Qltke A& FESI7E AR e E Huke Fo ARtske], 7t
ARl (A= 7 EARchd, I = set AlE ol s S ARSS
of £45 T & U= Aolth o] BF T AiRls 1ol =7t 271 ol AR
sl 4 (over-identification)2go] P HAE HHS B9 F7kH =W
7 RS A=A A=s & 4 Aok

A A9 42 7P, = SO ARIAE REXT HA4%) §F A7t 9
S Zethe AAISH] AREE ZAHgTE B A EQl AQIA|
= ol F53 EAE Algdold E¥sT S At
AlEgold ErHSet F71E tE THSE AR B ofA 9
A F7H TS S HIAESH: Ao & Aolth

O



2. HSa=t e

TSR0 SdGoks 7€ TS
oz AEAgt THS(recentered
o
==

Borusyak and Hull(2023)& 984 &2
H A5
UolE7] all, kA AAIE 4 (1)

O
Hro}p duislelyl, QAAdS EHSHEH= WY
instrument)E AT} o] TS0 JLHR
o] &AL S Fofl AmER

o714 AR }9] A Ml rm AR E S 5
AREE AT WS 2 7F SRR 7SR o] A
A28 HES A= A8 54 g,.095, n# K&, Ol
kA AREE ®eolth EAle, ol 9A8F FH0 Iy
(assignment) 32 =E(exposure) =& I7go] 2hgol= W wE APHAF O R ZAHH
¥Hx(pre-determined variable)o]t}. o]& vlglo g AR|A ToLHS: z
o] ehd % qirk

z

i:hi@’w)- (28)

71 n,( -, - )2 LA (known) Folth TOF 4.( -, - )7} 7HEBHS] FEjEt
e tﬂo];‘?—_} O] FHE 7Y gyt 27t 7]‘6”3%«] FEE 7 51
2, 17t 7F BT 7 ﬂ17} oz, AF2Ql HoldF =0 A2k THE,
22 gutslsE Ao sjgsth(e]: Abayasekhara, Kim, and Wang, 2025).

Borusyak and Huﬂ(2023)01 | o5t 2,9 AL BRG] Yoils T F 717
71go] —%ﬂi st ’ﬁﬂﬂ% SA9 B R, T4 ¢ LAY o] AR FHO|
AU, F2 w7t FolR AZolA 207 =Fololok 3ttt EAEE, ¢9f HolH A4
7}4(data generating process, DGP)& A&7} Asks] &l Qlojof sitt T+ HA|
782 ASAst mH g AkE 7= ARt 7HFoIRl SHAIRE, ¢7F LRtE

AS-E3 (uniform distribution)S w2 A}, —.—7‘*—% AYAYE A2 #4849 g9 =

ZEZ(randomized protocol}& 2F AASIAY &I = FF sHE T2 &+

U= 7ol

9l F 7K 7HEo] FSEHEUH, A RS & o Zol ASsAlst
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=)
2
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olN
o
o
ol
o,
N,
)
=
>

N

N
N
fo
filo

(recentering)ste] QAL w3} 2 9t
o

o
BHEA71A) QT o

E[%Zziei] - 0. (29)

v, = Elz; | w) = En (g, w) | w]. (30)

E[*Z@i*ﬂi)ei] =0. (32)

OlA| z; =z — 4T 2L =L Ao, 4] (32)0] 95f o] 2L =74
= QA 78S TS AR THs o= A TRe Zl-oﬂ/ﬂ =G
71HE S WA S 2P ol AS4SHrecentering) IS A= Aol
St 4 Qa1 AEAE T iEHS4(recentered instrument)dt HErHBorusyak and
Hull, 2023).

AAE ASHS =FHSE A&l oA Fd H2 24

2 52 7]
S ek A ol AAAE 2 ST T A 71 3 S 3 49
2

22 g o
8ot w5 Wﬁ}htﬂ W 715’1 12 g9 dlole] YA S v o R At
g E°l, g9 dlole] B4 Igo] FREES HETY, A5H jFEY BE Vs <
A(permutation)ol] tiall 5 27 At &, 1 59 W8S 79l 18 F4T
= ek o] wf 7]HgES woll Bt 27K Z[HAe|BRE w0 vlolE A4 S EL
AA o } FHpoict.



Borusyak and Hull(2023)2 A&4a} =850 28 A2 A% i 9] A H
J(market access)o] &0 A= P& EAFYCH EaoAE =219 HOE fld
o] AIE L Teolsto] 4wt

Ay, =B Alog MA, +¢, (33)

919] 4] (33)olA yi= A 1-&(employment)o]il, MA = AF i A {4
< 9Juleh, ol thgd} Zo| HoHrh

Pop;

N
- ; vaeszme(Zoc loc gt) (34)

oA7IH A TS T MeEL Tedt Ptk 9 34 ok iR 23
£"2Khigh speed railway) LﬂE B S A e

+ HEE BE6H, 20593 YEYA F 1@/ AdAdEofor PH 17k &5
ol e widdt Wty & & Stk BAY Py jAYY VAR <l
Travel Time (loc;, loc;, g)> ZUEBR YEQZZ} g2 FolFS o, (At jXF 7F
9] o] FAIZE Y|ttt

g A= 340719 B A1 20079RE 201607HA] A AfIAold 14974
9] 21492 PZH7IHET2E 8370, uIZHELE 667H) dlolelE v g AFAlst
T s 4——72’3«‘:} oq-—rL A0 0101 “*d A 7}140 1’/’ro_' 2ot i AY7} A

01‘3} 13‘/} Ak A4 Aol #HE o|F, dFH Al7] ol
AA &30 Q%X] o= ASE7FsRE 8% s ZA=HE
(as-good-as-random) gxng' ZZ7olgtal 7145H= Aolct.
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[33 3-2] Al S5 I4H: LMY HEHE

A. Completed Lines and MA Growth B. All Planned Lines

FIGURE 1.—Chinese High Speed Rail and Market Access Growth, 2007-2016. Note: Panel A shows the com-
pleted China high-speed rail network by the end of 2016, with shading indicating MA growth (i.e., log-change
in MA) relative to 2007. Panel B shows the network of all HSR lines, including those planned but not yet

completed as of 2016.
A} Borusyak and Hull(2023) Figure 1, p.2172.

(33 3-3] MSHet AEEZY

A. Expected Market Access Growth B. Recentered Market Access Growth

po

FIGURE 2.—Expected and Recentered Market Access Growth from Chinese HSR. Note: Panel A shows the
variation in expected 2007-2016 MA growth across Chinese prefectures, computed from 1999 HSR counter-
factuals that permute the opening status of built and unbuilt lines with the same number of cross-prefecture
links. Panel B plots the variation in corresponding recentered MA growth: the difference between the MA
growth shown in Panel A of Figure 1 and expected MA growth. The HSR network as of 2016 is also shown in

this panel.

Z}&: Borusyak and Hull(2023) Figure 2, p.2174.
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Z+] 4Y(random permutation)& S3 ¥HEA o7 thA] Hirc} Ik 7 &G
o fF== 7MY 2AEBR; YEXA ¢, 71 Travel Time(locy, locy, g, )= AAAL
T, A J24E 451, o] =S B2 ol A A2AY 247 7]9\4%\%
Sict. oA o 2, AA| AT MA; oA o] 2R ZIHEE A 2ol HF
A AFASt =FHPE S50
(19 3-21¢} [O" 3-3]2 o]2f3t A4S}t B Al o E HojEt) [:L% 3- 2]
9] ATjdL 2016874 AA &= 2VE£ER}F A9 O2 9

JN—{JF.?La

q2A AFES EO%TU% ol& WS Zastal Sl 4 dii drsoltt. B
42 A4 A 2e €A AT &5 RS EoiEn [OF 3-319 Arjd2 ]
A At =4 *]-‘%ﬂ]o]ﬁ% Sl AL A A2 ARES 25 7R YE
dot. (29 3-3]9] Bufd2 A 80l I 245 7IHgkE AAdsted, #$4e=
g ASHe} =ReE HoiED. ole Alge] WdS SAlBIL E2 A S
3ol Adad & 94 Wolike e & 5 3o

o] AgAoIA FEY AL AFAS ETHSE 75T 1)
A AQKE T, 1 A A oq ‘Hﬁﬂ % Zo] ohjeh, gH AEEs MA,
A AR 19 Aol A% =
B 52 A ) A
B A RS AASe] E7HSE 758

SpAsro g ABHold EPuLeet AE U} BT
25 & "ot ek ABHOIH EPEst B
A3 ek del Fetstel, ioh BAgE 944
Itk W, AFHS ETUSE B DS
3} Aol YL 4 U Mol A

LR Aolet & 4 9 Aolth

ﬂllo ﬁ
n=}
fll

_II;ZI —Ll

5

2 )

el

r_?ﬂ o
el
i

oo owa_ # opje}, 4t
S Agd % gk
A}@ 52 Aol w3 4
571 ol 38 RS 7t
gHEo] W lojeky ¥ 4
AR o] mE Wt 5, 04
dold AAE T B 73

I,
N
l
Nl
of
E o
S oF E—& ﬁ
i FEE
o
}

fl‘N r-
:I:‘4
ol

N, H
ol
U
N
n(*)
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>
o
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HIELIS 2ei} =8 A

1. B M3 YEYI =¥

A A sl =2Jet

HA B4 o] He HENAE 8o s Fofotd gyt At} Hojgol=
i=1,...n9 /| EE =E(node)7t EA5taL, o]E9] FAE YetlE UEYIE
Azt Stk o] YEYT AE nxn 3719 A YPH(adjacency matrix) 2 EHE
™, BFeF ot k7F YIEQIFOA AZE o] ot iF kE BE 0= 19 = 2L 4
ZAxo] QA Lrhd 09 grS zt=tt PA(link) 32 9A|(edge)ety Ha= T AR
4ol AZ i = A% g H(symmetric)o]H WP Q= F-H(undirected) s £

AFolAE 7T ol ol Sl HIEHNAR AHiskE 4 IARE, g2 Aot
bl

0111

{1000
A’1001 (35)

1010

[22! 3-4] 2kt YEST OfA|

A AR A



d

sEAT AYoAe gykdom 7ZF o Fo| 10| HEE P Hiskl
(row-normalized) IFFLE WE AMESITE ol 7t P9 BE JEE o FY &
5, ZF iQ19] FF )0 F ol WA 0F AXMEY &, wy =1/5 a9 S
7HAm A AAE FE A5 P skt o2t 2

o o wlk

(36)

NR o o wlk
S N~ o w|k

‘[\D|b—* |- = o I
S

ol HEYIE v o R thZ3 -2 Pt AF HEYT EFSZ Aol & ot
(Manski, 1993).

Ui =By Y w0y + Box; + B Y ks, + €, (37)
k k

Q] BPL A9l ;9 AFHS 7t i9 YEYT oS A7) ZApHS B
Zklwiky;f’ﬂ of@A FFE WE=AE HoEth T2u £ A AT 3

=N
E
=2
o8
ool
filo

gronm=, A (37)& 9] ALl tsiix ofgjel Zo] yehd 4= Sl
Y = Bl ;wk1y1+ﬂgxk+83;wklxl+€k, (38)

Tk i 9} k7t AT H(w, = wy, = 0) 3,9 v = AR FAO] YIRS F11 Hho,

AHA Q] HAASHO R = (7} koA S = AQUA], 2 I BHRIXE AlET
2 9l vt EA|(reflection problem)o] #3514 EitKManski, 1993). wapA T4
W AAF 22 Rt 7S desfjof & Aot
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2. YEQYT IS5 BMg 5t Es A

HERD 2FoIM & 7Fedt =715E =2folr|oll 9A, Bd B3RP &

5% 7492 WA AR St ol Baavyt 24 g, = o), § Hit
H AYFE W7t okd A% AHESHE Aol

y; =By Ii+Bszaikxk+€i' (39)
%

2 90X 5 9 A2 Aetal s, g AR FFaT, g 9 AT
T AR 2 A9 7 F&Hs] w|Ae IF S AX 9 gFadKspillover
effects of treatment)S UERALH

Miguel and Kremer(2004)= Auk PS04 +=A(deworming drug)s FA+
A5k 22224 (randomized controlled trial)2 £3), o]2 QI A7} 7
Ao & Aol w|X= FFE BT 59], TEAE T2 AAHX)o] T4 2219
5 Agof| mX= FF £ o —rﬁ {?‘—4 2] 04—1—7} W19} WS AJxto] u]

AG(2A] %) PSS 3% It AAHOR o £ 7RsHel Arhd, W74e
934} 7o) JUBAR A3t WOl (bias)7h WA

wlof et -‘%&%%L@w Ay um(oﬂ. BE SIS
A%l i) A7 552 %Xﬂtﬂ#i Egeiel Bl o

E[L ,a;,x,) = E[0.3% ,a,]. (40)

Jel3 ETHSE theat 2ol Ao I = £ a, (r,— 0.3), o] ETESS 07}
T o] FEARS 00] Hjul, chet 2ol o] MEEL



E[;az’k (z,—0.3)¢e] = 0. (41)

ol Shd HojA AW FASE =Hs(recentered instrument)?} FATH A
A YE2 F5E Ztsolt

21(39)9] WA S ¥ ay1,5 I8 HoldG s HPoA
224 WA (inner product)?] e 7HA| 1L it ohek xfo]io] ckd
o] fFo] 9 2 ARldfiEts Holot. 181 AMH =FHSE H[Fo =
HHLE Ho|ghg T STt obd AS4Ast IThE: AR FaE, ek 3 Agqrsiet
AAFE wE ARSSH ZEgo|qittd, AgHS ¥ w,x= FE] 7T FHE
73 1o, o= FH9] et AIgle] HA| H2(FFAE = S
ofujatA| Het. o] F%, AXEEo] 0.30]H, 749k IAglo] APHS9] 73k
2 039 Aojx E[(;wikrk)ei]—t— 00] Hof, ¥xo] ZFHSE glo] HANEHoRE

1o
i

H]-_Q_)

= -

oAl Bt AFEFO vl HLE Ad2)E Bl AmEL g

s
|

o

=[]

Wi Y T Byx; t By ;wikxk—,—fi‘ (42)

A(42)9) Wy FRANE Ui B4 g0, 9 AL

ook

g JH= Edshd

y=PB, Wy + XB, + WXB, + €. (43)

yinX1l, Xinx M, e:nx1, Winxn FE.

9uol 3

O
(reduced-form) 28L& £&3 4= 9t}

(I— B, W)y = XB, + WXB, + €. (44)
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Tkok 0 < 8, < 10]8}= ZZo] =W, Bramoullé et al.(2009)9] ZAzlo] u}a}
2(44)& oh33t Zo] F3gs R T 4 Qi

y=U— B, W) ' XBy+ (I— B, W) ' WXBy+ (I— B, W) ‘e

= XBy+ (ByBy+ B3) Y B W TIX+ Y B We.
=0 j

7j=0

o
>
i
oH.,
=
Y,
o
N
N,
o,
T
of,

EA(reflection problem)& 913t X340 &A=
wyol gt =7 Wasie) 4)(45)9] ol & Hst JAFFE wE Fohd,
7 =

[¢]

Wy= WXBy+ (ByB1+ By Y B W T2X+ Y Bl Wit (46)
i=0 i=0

2)(40)5 AA5] AmET, FHS A(43)oA AT T AE WAAH s
wyolH, o= 9o W/ ix9 g UEpdth whebA, woF 8,8, + 8, =
1, W, w?7} 8= (linearly independent)o]H, Wyl tfgt T 1HS&2 w2 xS A}
2 7155t AL & 4= QtBramoullé et al., 2009). o] 2AL w7} ol EX3]
FE7} ofd eHAQl A8 YEQA FHolH SFHh &, BE 7ol tE HE
i} A== HH(complete) VIEYT 53 22 397t ozt SFHc
TSR ARREE WX Y] A9 A EA4S 7S Hd §F #holth
&, YolAl A d8EA = BUAT, U J+E B9l A= AdH AFREY
Ae EHSTE AREShe Aotk 9] XMt F Wl ARl AFRE AR
o] B2 A(42)9] 9 Al HA FollA BAEC] k. o]2H o2 OHTt &
jol Bisl w2 xE =R AN 7FsstER, whX, WX S fAd =
7hE & Qloh E3F AERS 27 mrl I AREA R m(n—2)709] =AW
= o Sl gyl =ESsE YR ©o] ANk BF gEH o R 19A 7oA 9
F-3AZo] 2ok 4= Qltke A2 FosfoF gt 3L 0< 8, < 1°]B&, ;71 A&
FE o TReE et Ao W 7ol ok AR oR, 254 (A
79| A9 BT 34 AH(FTL] At] AP EAo], W o] AapHs
B2 A9T 7Aool R7] "ol

2
FE R

¢
|
i



4. S2EI B4 M AR

Hahn, Kim, and Yang(2023)o|4]%= Banerjee et al.(2013)2] Social Networks
and Microfinance GloJEE o|§, AE]A HEQYT W9] o] x(X+, 4 5 &=
o517t 7§Qle] &2 ZA) "X = A IHpeer effects)E E4Fct. ZoAE 3
FATFY o EA 5, FA aUNe B AFEFY Ao 28S g5 1hds| 4
HE 12} gict2)

E3SE Hahn et al.(2023)2 53837 YEYZS £57(9: 4, AF, & 1F
5ol T} ojdH oz Yehteolz FEFoH, ol wet YEJIERZ AL

o
v = b }Zw(ilse) Yp T Box; T 53;“’5‘2) 2 Myiigge T € 47)
v, =% B9 ZIPESEE o8, 2249 5)
w i k7 YEQ solA AZE0] YA A3}t A-HH ol»)
.Ul mS4E S BAES

Roittage - OFE AT}

o714 sRRINE UBl= 25 8,2 (9 T & Ysk= AR Bl&ol 1%p S7F
o 9] 18EEgo] g %p TE WHITHE AL 9u$itt. Hahn et al.(2023)2
Bramoullé et al.(2009)0] AQtet thE 9] A+ Wt EAAE TFHSFE ARESo
RIS AP

Bramoullé et al.(2009)9] =FHSE= o]22 07 S g3kx|ul, A4 glo]gof &
gt o [s] ofFet AEHol A%t Angrist, 2014). Hahn et al.(2023)0]4]
AR5 Banerjee et al.(2013)9] Social Networks and Microfinance ©|o]€]2] A%
24 YEQIZL EASH #SH= A7 Stk &, 48 S &8 YEYA
AR gl HA] ogtal, AR 3Rt stejete, YIEQT o] 2(F 5)E 1087k
gk st 4= 919l Bramoullé et al.(2009)9] TS X210 2t & o] ZH

2) Hahn et al.(2023)& BF APEE 52 local average peer effects ZFE ofz} local aggregate
peer effects BPL §H4 BASI9 .21, Liu, Patacchini, and Zenou(2014) T+ 29| zjo] & w1
H=0] Al o] tfellA] ZpAlls] Awstarl Slrk
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ZQ1 M7} obd ARgo] qlefok dttk= 71l Z|tel=H, Hold 32 FAZ <Us|
“Xﬂi% A7 obd "FFY] A 7F AML2 HEEA] &b AR I 7Rl A

= 91 %4 4ge g 4 gk

A7 7—%5}% ?L—J Sy —*é ‘I‘/\] ﬂr‘éol A, ot = Txﬂ } A4 —’F
ATk 1A WL vk 9, E2 A=A R sty o Tele] B4 Al

e &2 e Z2 s Qb AFARI 257} ol 2t /‘1§9’] 5o TS
u|x]& W2kA g3Kcontextual effects)7} A8 4= Qlth. Hahn et al.(2023)2 o]
St BAES siEsh] Y8 7 HEYA(fictitious network)E ©o]-83F 9JoF HA
(placebo or falsification test)& St o)== Z} 7o) sl AA| 277} opd Af
FE2 297 FHA; AR AT 5, o] M} A7E9] Wi AT} 7919 =0
YF= "AA G=A1E ERlshs WAold:. o] oF A 5= At A% R
FOoHA]l A UEFE o =M, ZIG9] G T SE o83t £4 Aute] e &
Bt ojdf, 7MY AF9] Hat 731—}— 7Vl YIEQAE ol&sHARL “THd Z+9 7
T+ EAL 7T g A4 #2E YEYIE ol &AWy ~ W wX).

o] HoA AAfst EPHAL UM RS AN EFHSSIE 1 AE 2
She BHo| gtk WolRg EPHAS AFHI ETUS 5L, AT Ao

A o
Qg3 Hol9] AFA ouikr= FAS 53 ﬂ c]i*é z“cﬂ) 7/l 7Rkt & 4
Utk FEAI B4 A ARGE, 99 29 EAS B8 Rl 1
+ ol FA7IEE =se WAt ste Hol itk & 4 itk

HA Lewbel(2012)2 I=x}F(observational data)ojA] Et¥<4(instrumental
variable, IV)& 27| o]g]S ASlojA], Atz 7) zk= o]®Ab(heteroskedasticity)&
Z-&oto] A B0 IABIE AET 4 Sl WHE Aol & 984 =

)
=)
=
X



FHP7E EAHA] FEfEte, AR f2F EAS ol8s] WRHeE IVE A4
(endogenous instrument generation)sh= HI'HE AA|FcH

Lewbel(2012)2 EA3t FEjQ] ]E—/&/ﬂ(heteroskedasticity)O] EA3IHE, ol
ol &3] WA4(endogeneity)E BT 4= S HojErh 7|ERFoz L |(1)ofA]
ARG HP2 o] &Rtk

Yy =Bx;t e, i=1,-,m, )
Lewbel(2012)2 F7}24Q1 =<4 glo] ofH QA& W w7t EA5ka, QA%

o B41o] ol e} G olEatg F2E AL ARATE. F Varle, | )7}
Freks 1 ol o] 4

S
1o
ol

2 % (w;
g 7 Ak AA| FH0lME= 21}‘52}% 1—%’@ v rﬁ%%'_— o & wi 54%46& ?
WAL ol gate] thet 2L Fefe] EPHSE FAHT S ATk 2 = (0, — w)(z;— )
ol ol#ibdol EAR 1 X}xﬂﬂ =SS HEolUe Aol "ok Ha]
ZIRIRITE. ofgjet B I AAR VI EESR AR R, V€Y =
0] QA 71 S0l A= ARelM 2] Fade AAsks 5o == A
£ =+ A

Gabaix and Koijen(2024)2 AA AA|Q] ¥xo] t}=o] 22 QolHri= 440
A&} @Q(granular entities), & HE tj7|dolut 9 AJ0] FZ0 o8 =2 4
44 o, 7|& TS o] YA EAE FE9] BAISHA Bttt He A4t

A3t 5 Qe MRS} T ¥g(granular 1V) HHS Aokt
B o7t SES B0 g e 1, dF ‘:}ﬁ(ﬂ(ﬂ A $)7H A

kl
-0,
i
i

EgofA ®
UAA 2 BlSS AAI6HE, T 92 7E F7E 20 FFE Fof WS Z2A 2
ol 2ok &, ol AT AA AA RSl 9 L, I "TE SAO] I AAR
ol BkSdh= oz ARl 42 el € 4 ot Hojdd Ty
A 54 7t 4 ¢4 vF 2 HIFE Ao A9 v gzt € 5 A
olE FZ357] Y3l Gabaix and Koijen(2024)= =5 YA FEI JAIZ A2

I:l
(o]
£
S
fr
u
o
L

St=l(granulan)BE 08 BEglth dE 50, 2, =z, +¢,2 UF
Q9] YA =L oujstth AR T ¥d(granular [V)= o] & d&rvks
Q4 HES AT =5 Yo o= Hol(variation)TFe EAHSE ARLS1 Hoal
o 4= Qo ol=Rt 2 F8AIE, ZI9FA AXAEA sl HE WA FZ o]

rSk
£

R ooz
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A ] vAE TS 2T 1 F83Ach AN Holel SolA WAE b
e A7 S AANL, APH SERNL 0|3 ANVAS A= 44
=S Fwole & 4 9k

r‘ﬂ 09-‘_5.

Ee 244 ASStE Ul o] 714 2 AojES, SAAo] Shne E7HsE
QAR 2g 5 vt ol B Aol B AToNE EMeE u} Ao
F=8 5 9x= EQ}Z‘— 74]7]HP(de81gn based) ZA71¥9Hformula-based) T+

(B
i
i
i
0
S,
5 o
o
L
;L
H
4o
_E
L
o
oX
.
(¢}
N,
B g
=
X
T
N -
N
%
(¢}
Y
>
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&
3
i
il

olgfgt AA7IRE =] 7HY tEAQ] A= Ho|gdY =S, S =
FHx(recentered V), Al&d o)A E¥S(simulated 1V), 181 Y EQF 7|8
FolA9 =S AHET o] F 7P SR AWE Ho|gdY “He=
A9 GG, =7 S)ollA HAS QF 54, 52 H|SS o8ohe A Mo
&, Goldsmith-Pinkham et al.(2020)9} Borusyak et al.(2022)2 Z+z} 8|Z(share)
It FZA(shock)9] Q87 ®lolg 7|E0E Aol A e AAHh E3t
Borusyak and Hull(2023)0] At S48} EHpE TS0 dS7Hs3
XXJ B:]O]E'—. 11]7-] o]—__E/Vﬂ ﬂ/&ﬂ?ﬁ l:l:]o]tl]- 14-7]‘— H]—/\]__E ﬂ}\g/ﬂ 7]— 6]'1(::)': 7o]—§:6_ Saq-
olgfet HIE2 BT TFHSY QS =TFor A5 ASE o A w=
U= AollA 554 S48 etk

olRf3t TR A ETHSES B “axg@ Ve 2 EA'E ol =

A ‘_qﬂ— o] /5]/] x_]9_]_o] Q=
AS Aot A, mHsy WHES e ]%7]1&40] o}l,]a} o7}
Aol 3 Pej2 Astsigict. 2 o 1% w7
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94, 2025.
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OFst LEqltH4~(weak instrument) M

TS0 QS ARSH B, BT SEAIACK ke & tE A4 71
Al A¥Hd(relevance)o] © 611 Az 7497 Azt T4 AHSet T74o] AT
< U35 SARCE AR 4 Stk 7HY 71EARl AFHE 294 IAaASH
(two-stage least squares, 2SLS) =¥ 1¢+4] 3]H&lo] QoA TS| 3| HA
T 4ol BAMLE FORIAIE ERlIsk= Zlolt}. tit 7|& ko] mEw, 194 34

o

29l 3fAS7E BAHCE RISt Ao rE FHERA G o= ALl A
(critical value)Z& dolof shd, ofo] wet 3] A S tigt z &2 t AYHET= F-5
A A= Zo] ZEsth= o]&2o] AYE o] YrHStock and Yogo, 2005).

AsHozs= 194 AN =59 Afde HAESHE WHo=E
Cragg-Donald®] F-EA =3} Stock-Yogo o]@H2|(rule of thumb)o] AF&Eo] &
th(Cragg and Donald, 1993). 184, QXx}go] o|EAMS =AY, Holg7} +3
(cluster) 2= 7]-@ AL A A EZQAHcluster robust standard error)& A
&3floF 5k, o] %%, Cragg-Donald F-5AZFS Iz A&t 74t 23E
HE 5 O]DV‘ EAZE AZ1=E A ol=et ZAIE Edstr] sh, Kleiberge-Paap
F-EA 2K Kleibergen and Paap, 2006)3} Olea Montiel-Pflueger F-E#ZHOlea
Montiel and Pflueger, 2013)0] o|&3} o]&AM] W A 774 TZF QA0 QlojA] 7}
2% diekE Alsgitt

59| 2 AFHIANA ohE tFES HAAE T A9 =T 47
S Q)= 9bA Ald(exactly identified) R @o)A= Kleibergen-Paap F-EA |5t
Olea Montiel-Pflueger F-EA5Fo] Ax|stc}t. uleba] StataQ} e EAZZ 139]
TS B 712 gEo], 52 IR AXE £ Qe =R B4 g™
ivreg?2, ivreg28, xtivreg2, xtivreg28) 5= 0|85 g F-EAHS 4 4 U

o[} oF7t thE HILE, ot “FHSTL Sl ARk 284 8419 IAA
7t FelAE AT —’F U= o] Utk Anderson-Rubin F-F7go] A 0=, oF
oF TS0 i Ast 222 71s5HA $tHAnderson and Rubin, 1949;
Andrews et al., 2019) | Statas AREoh= AL, ivreg28, xtivreg283}f 7S H
gol2 &3 i AHS P 4~ 9o, Anderson-Rubin p-gt 5 o|-&3 2t
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A =44 ﬂﬂﬁ]*ﬂ o2 B & Utk

A7 THSE 55k AS Vo S xSk 44 25 ¢
of, 1A ZHAIA et =4 HE7E 2 27} Qlth. o] A% B4 Al
et AEErt Wold 4 9omz WA Kleibergen-Paap F-AA(ES Olea
Montiel-Pflueger F-AA)] F-BAIZES Al&staL, o] Fro] ol 2oA Altol=
Stock-Yogo UARES Zste=A] ERls) He Zo] A AR s3sfiof & dolot. 1
2|31, It30 2= Anderson-Rubin F-BAIZI p-2hS Algoto], kgt Z w40
T B 294 349 SAANE A IF FHA)7F R E B
o] ZQsirt. ol=et HAt 7HF 7|2 0 R SfYEojof T ot =g HAolg &
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2T 229 FAle divie 8ol sl oA
WSt Sk 224 F-897], Z2U9 W9, G5 45 52 AEFAL &
ARl SAOl Hie FF2 FA olof mE AR IR B § 2
HEgS Uerlt. olAd g Mg AAFA 7195 S
1Al "t webA @A) BAIRS AGstal s stefd & Qe 71" AL

>,
N

FYeta Qi Jy 712 34 BAE A IolA ARt ARE ke, R
o|Fo 22 7o) o]RojFtt. dlE Eo] AAE Hitol| 71} drgo Ee T
£ A1 FHZHAHGDP)S Azt BA; SHt23oflA] E7EE dishs SWEA
AR 7] 8 3 BA YRR G Al7ko] AQEH, Wi o|fox A gt
T2 FUSBALS £EX|, FAA), T8 FA] F 39A ] 2A Hxsitt. 7
HA HREE AL SHEAo|tt £EAVF HREE A-L of 27 @ oF o 26EY
£7] % 289 ojfolct. wf £7] & oF T F(EIG £7] F 70Y ool RS
sttt 7P opgo 2 W EE S B4 19 o HaEnh 7P WA dR
B £EX9] ARox £7] T2 o 3t F= A} ojof R HTH= HojlA, 7]&
AN ERRS vlgo 2 H7)E sk AL Av|o] ggo] Sl

Z, 712 BAZE SREI7IA] Al AYe ARR Qle] PRt HR )
AR A71=9 2ke] 2 FE7F 2T £ 9ok ol 9] HA g3 HEE Asft
£ 9Qlo= z:gst 98} It o]yt 7S Wl 4 Qe $F V1A WEez 2
U7 A" (noweasting)o] & FE& w1 Qltt. UAARL dAE Sok= Now' &
t]#E o&sk= Forecasting' 9] $/gojolct. goloA HIZ & 4= gl%o] Y7HAE
2 obz] FA BAE AR F2 Al o2 BAet ARE o]gsto] dA BAAT
g d&she 7S guisitt & UIIARS 32 HRER] 32 AXE 4] Hgo]
ElS &-gsto] dZgt gojey 1HlE ARE o|§sto] ARF BAIE diAstal 713
e AAzto g2 Sgict.
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AAHIZ 0= 2K

A oo gitdon AAD o mee vigow ojzoi. d&siud o
£ W47} 9IS o) o RYg v oSS UL oS BoksH Wie] o
dPHolth 1ol A o% B9S2 ol st 28o4E oSae Bt
SK ol el =oftet.

AAG & 2gL2 TA A7 EF(autoregressive mode) Tt 22 THZQI A|
A A& 2y} M E0] Zg= WAL Qe WA, 924 5 U3AT 715 AlA
d A HPoF FET £ S Aolrh. LHAR] AAYE dE BF2 F=E AAE b
olE|9] APLAE EF3slote] mgo] sl sfAdo] Golgt o] Qirt. ofuf rt
o= AAYE Hlolels A3/ (stationarity) 78S HFFORE gt gL 3y
o2 AAEY o] Al7tol| wiet WslelA] S-S oulgith2) o]gt WH A AlA

Qo2 ZYe wysie AALY WAL BA et A9 dlEee] A5E 4 9
3 czolA] BASt fARE B sfelo] Uehte W) 3AY ARE ofSo] B85 of

5o EAett. ¥hE QA 7IRE AAE dS 2P AAE ol
HIAE TAY B8t 54B/AZMA] B3t 7hssith= Ao] ok T3 AlAIE 9
= Bt ollg} BF(classification)t} 0]AFR] ErA](anomaly detection) Sox &
o] 7Fssttt. 12y JISAIS7INE Hgo] 7= S8%F RHAIQl Ato] Hitt iAol
o] BrRSETE WAV} EAREY 3, Aok 1A AAY o RS

1) 8P AAGS] S =2 AH(difference) 58 53 A AALR WHEE & dlEo] E-83= Ho]
durdolct.
ol 3A AAGY] A Bt ARl et wskel]| 3-g 7Hgohs 737 (strict stationarity)¥}
AAGS] A & HE(moment)o] A7t wiet WS S-S 7oK oA (weak stationarity) O &
TES 4 Qlnk gurFog A AAES RPN AAIGE sttt &, AAGY] Bt TRl
Azbol wet wWskelA] kg 7Hgehs Aolth H@Ho= olfet A4 P AAIE Al ZFolA
o> F8skch Azt wieh Hstelr] Ohs AR Qlsl IA doEE HIORE AAE HolE A
mgslelo ol2jgt o] FF fFAE AOE 7PIE = ql7lof diSol &8 4 7] ol
3) B2 3 50] 497kse 8 A5(Explainable Al: XADo|u ti2]2g(surrogate)}& o|-85to] Ao
gt A Aol I SF ol YT 4 Uk 1Y oE EFolAE 5 fMvks
(interpretability)2 ¥H|#5k= o] Lrtdolct.
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= fI8 F=2 AAL HolHY E4e Dt Lokttt v, d3d 5 AFA]
s AAE A5 2EE2 B39 S SHAA 7€ B2 e A/ ofHE
EAES I A L & Ak =28, 239 5ol AZeE BYOIA &
gofoF & 29 ke STl whiEe] SRt o] Ttk ol i) P A=
glo] f-doftial & = firk dEAL AAL A5 2 Het e U8
A Aof Mol oeEtt

2. AAIE olE 7KW

AAE A& H7ks AAE 239 dSAE SHLE BRIt itk 23 o5
Byt 285% HE U 9=(in-sample fitting)o] opd HFE 9] d=(out-of-sample
forecasting)& HFg o2 B7}7} o|FolZitt. o= HiE f &2 T<s] HFo] Fo]
X1 HolHE gttt & AYst=AlE S4CE Hrlshy| fiZe|thd AA| AAE A%
A= FAAHNNE & & fie MEF QL dlgio] gk oiSo] Zgsitt. wtA
ARHo gl AAQ &2 B F4 AREEHA 42 717 S42E o]FofXit

AAE A5 7k 1hds] B2} 22 9AE B3l o]FofXith

3. A% E"%‘{ S %H X}Ol 7t SAALE TRt A%

ZF gAo] dis] £ Agsiabd, WA d&e HristaAt she ByollA dE&AE
AFERI) olF Yol AlAE HE 7S dlS Y o &8 7|7 3E 9 9
Z J7ke 9T 7172 vt ol #4Algd(machine learning)o|Al HES o
Ay 239 24 9 3o &-88 T3 tlolE(training data)?} &8 Hrio] &
83 HAE tolH(testing data)& Wro] E8oh= Adt gF oz FUsitt &, F
olZl AIAE A& XFS A dlofE oA Aot HAE do[EoA B 9] A&
FeYsto] &g dE Aotk

4) AAZE 9% 71 Igol et AN e #3(2025) Faskr1E Bt

5) olo wje} &3] HAHovertitting) EA7F WYL 7Fs7g0] &t ol BFo] F7g0] B-8H HolE]
et Heg S OR FolHA A Fazt vl HlolEd titt oS Aol A3 Holxl= ZAE
Ojugict.
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(22 4-1] BE29| 0I5 kLA

(a) 0I5 Wy
L 1
I 1

n Y2000
: : Using Y1 ~ Y1000 forecast Y1001
Wy Y1000
I | Using 12 ~ Y1001 forecast Y1002
Y2 Y1001
I | Using 13 ~ Y1002 forecast Y1003
Y3 Y1002

n Y2000

: : Using Y1 ~ Y1000 forecast Y1001

Wy Y1000

| | Using 11 ~ Y1001 forecast Y1002

Wy Y1001

I | Using 171 ~ Y1002 forecast Y1003
i Y1002

g AR 2

ANAEY BE2Q] &2 &4 HolHE Hosk= Wl wet 34 o5 H rolling
window) 3} S expanding window) Hlo] Qit}h. o]=3}F HFHL uf FEQ]
=1g%]

&S S i A Hojeo] 3715 DAste] Sgsks Wolct. W A by
R R SECEREECHEE SER S 4 w (19 4112 ojsfat B2
9 o2 BrpAle EASKste] Uekiich. oS Sof AAD ()7 ¢ = 1. 2000744
FolA Adrky Vel B B AAE ol 5%4 oﬂﬁa Brst] Sle) e
oNEL 9I% 7ITEOR £ =1001,-,20007H4] AT AJolck. ofefat JFolA ol5%
MRS 7 89| o27170) 2K A4S 9o 14E F7|9 BES o] gt o
501 (19 4-119) W @OIAAT 1,012 AEF] A 11, . 11000714 1,000
o BEAF o] g3k AE A B 0] B9 TG 10, F AEF] AsHAE vt
z} HIZ 1000749 BEAZ, 5 1,0 0,007t 01§310] 22 ). (1

119] 5d (b)= e e Uehdch 39 A9t S yy00 2 AE3H] S8l
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A g1, s 10007HA 1,000749] BEXE o[ SFIHBE TS 4, S CIE317] HSIAE
TEA9 5 59 1,001749 #

24 2 v ZQ3 L, 1FThE ofwA] WA A=A 71 Aol
2 248 A/l0] B Foleh. SASE ole A 2K 7t Kol Heyat
Stk 94 SANEES L, RS 1, olol T ANSHF 5,2 HOlsRE 2
et e 442 B BET 5 U

L(ytv .&t)

=, AAYE dISAE STl Tkl AAGT AISA| T AfelE g A
=2 7 "oy 2309 SAg L9] FEie oRA BN 7 HRA

2
ko] PR = AT xHsquared error)@F A2 XHabsolute error)7} Atk AZQ
A= oh2at 2ol AAIg} AE5A] 7t Ajo]9] AlFor HolEr.

l

L(!/[v ‘&[) = (yt_ ‘;t>2

Ao eaks AT dI5A] 7 Atel] dhigto® Hojd. ol AR thadt

L(?/l‘v 3?;})2 ytig//\t |

AFextet Arjexte] goJofA & = %o, ARG v, dAIEA y, 7 Ao|7} F}
275 &Y 7 S AolR|E Lot} dubx o g A o&Y HrloA+=
Hmean sqaured error)@} BFA) 2 xHmean absolute error)7} F& &

Stk 052 ws] Agoxe Arjexte] Bow hewt ol o,

EN
>
H
N

1 & ~ o 1 & -
MSE= 7t;(yt— 9,)?, MAE= 7;:21 | y,— 9, |
EE o]¢} 22 FEoN L TFHOE AAG AEA] I Ao|7t ASE H A
FoA BFA A7} AofR|A| e}, Apo|H-S 2219 F7of wet £AgET} of

t
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vepdch. JgelA 2 4 Ul BaABeR

HFe Ash] thEe] £4%EE 03t au %;» 2 Holg o 2 .
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oh v, HRER oA RE oxjel Agguie Hsl B Tth

937k Z7Hgel ek QRS Sk Hl1, We As =9 03] 210
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[32 4-2] YIHESRILL YR HUHRRE

/
A Al
== (Loss) e 2

4 —— MAE: Je|

MSE: &7 =y

MAE: S7H= 29H

-3 -2 —1 1 2 3
Az A 2

‘:} 51‘31"} r’]f—rO]Jﬂ SATE g2 Blstke AN E= oIS 2F 1t d5EY
BAACE FogHA] dis] AEE & Qith ol Aok 7HY tEAQ B2
Diebold-Mariano-West(DMW) A& (Diebold and Mariano, 1995; West, 1996)°]
.7 DMW AL 7|2802 & JdF 2Y9 A=ZE AE vlu(pairwise

comparison)etth. & & 1y, 2g 13 1y 289 A & d=(n-step ahead

6) Wt ol (outlier)7t ZAIERE A9 BIAT QAR o|AlKo] o wigsh BRSSRs uhe HEte.
A= o]of FA(robust)aict.
7) B2 AAL dE 13 T A5 A4 1E U2 A7 @U6HA ool Yloi(cf. Clark and

McCracken, 2013) DMW 273} GW #74o] 7P ti#alcs de| L-8== Agddelt & & it
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forecas)®'e] ol52e M T3 SR JRS PP BA 2 BFoIHY AfSHE
A2 Gy ane Do B S DMW 3L $4 ol 23 7F £4849 Fo] ¢
2 thet Zo] FYaeh

~

divy = L(yt+h’y1,t+h) - L(yH—h’ yz,t+h)

ol Higtog DMW #HAL that 22 AF7Md(null hypothesis)d} tiFE7H
‘]

(alternative hypothesis)2 443t}
Hy: Ed,.,) =0, H:Ed,,) =0

AR SlHE T ol mo] £A% gtol Kolel a9 IHgE 00 744
St} ol WEHOR T oS BY0] LU T Aol7} 122 JulsA Hek. AR
IS 12 4 Qo o] ¥ o2 B3 7t ol&ee] Aol BAHOE A5

FeL s Hck WH, GEsHE SelHE T oS BYY UFS 7 Holk £
Agtek. =, ARAHEE 714 4 SdehE ol £ oS myo] EAE 7 Kolt B
ARoz OlRe ludith £AUS] A ATGT AL g FISE o2
2] HUh3L & 4 itk W ATHLLS 714F S Uk £45 glol e o
259] df2eo] T2 wyo] H8| 955k L Ko7t BAHOR folut 2L oy
gt o] Hlgro® & DMW 7% SA%L thewt o] Aot

4714 T BE| 2L BAGe F7ke] Lol oujg. dt Y4,/ TS o

njsl, A EXHasymptotic variance)Q] =& AVar2 Newey-West 3%
(Newey-West estimator)2 ©]-83t}. (Newey and West, 1987) Z, o] &5k
d9 HEPFZ B R 3 AFEAZoIH & & unk AFEATZol YA
ZFAFEI(standard  normal  distribution)®  EXZ4H(convergence  in
distribution)s}7] wiEo] BAF FoldS dA AFL 4 Ut
Giacomini-White(GW) 7#(Giacomini and White, 2006)& o]e} Z+2 DMW

8) h 1,2, 5 F=2 AFE 7Kt n=1%1 A7t 7P ARHEQl AiZo)|1 k> 291 H9= vetA &
dl&(mutli-step ahead forecast)gtx gt
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AL TAAZ Hlolt). AFCE GW AL 24F A& gt 382 3
sttt B2 E 93 Giacomini and White(2006)= DMW A% =
AE AT AAFI

H: E[L(yf+h’ &1,1‘+h(01* )= LY+ 1 §2,t+h<6; ) =0

07|14 0% = 7t d& BP9 ¥R (true parameter)o|t}. & TFo] Trof T

ot dlEA7t YA (cosistency)S THERTHE 7HFSIolA ol FX|7F FESHY

(convergence in probability)sh= Zto& & 4= 9t} 9 AEI/IEL d&ry9)

SX7} BHA(FRAR HoA) o2 5L onsich. J8y A4 o g

Z1slE DMWe] 5782 tha 7ot 7};‘42 }‘%P =] 5}51 U= & 5 AU
=3

o Oﬂ:
2oox &

= ZF A1-9) 7183t R K information set)o] 2J&g & Hof Qict. d o]
olsd WS T #EY dS= —1—0"0}‘“ 78“?—3 "37—| 8 EX}- o] B 4 dlEA=

oE.

W7t AA| clEaT Bgstel Bt @

] — '_l
MOL oﬂéa,ﬂ% A - 9SS AN, O B9 AL choat 2ol 2

H - E[L(y, 4 Z;l.Hh(él)_L(th’ ?;2,1,‘+h<‘§2) | Gl =

G tAHY AR 9u]git}. Giacomini and White(20060)= £484=9] 2}
7} v A X}E4A(martingale difference sequence)S o]83lo] YTEA
(Wald statistic)®] FEiE 2= AHSAFS 1At bl d=FA = o]
HAaF o7 o] Flo|HEEHE(chi-squared distribution)E w24 =}

o] -8 S o ARkl AIAIE A& B2 O 28] dIS5= 55 9

28 Boiska ok = A olgo EoﬂEaTEa 2N Toh1, @ £UPLE o
]
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2 ATNNE 2L o B AN oS 2P S AR(D), YoHY ©
3 53} vasks 497} Bk 44 oE 5 Zks] 2745
| 913 AR(D) o] Jolny Byurt 2] $4uS 392 714t
A, FAZOR AR(L) 237 Yol BPL 247} theat go| myske 4 Yrk

—_

N

AR(I) : Y, = ¢yt,1 + €;
AOHSY : y, =y, t¢

AAG dlSol thet A2 ol FA WHoE A 53 dolHE Egste] 20214 1
27158 20234 2871704 SUiFAtel tigt 229 o2 +¥ske 2E 7MPYsiR
AL dlE £o1 20219 187] S A5 AeiAs thaat 22 S AA A
EAE deth9

1. 20169 187]0]A4] 2020 4577k U244 Hlo]E S HlEo 2 AR(]) R &
o] B 65 4

2. 238 30,9 NEA fusy. o2 HEOR 20219 18] SN oIS

3. 20164 287]0)4 20209 457)7H4] ZEMAL glolElE vpgto g AR() 2F

4. 2= §,) % NEA dyon . 2 HFEFORE 20214 2827] FUEPAL o=

(19 4312 olgfat Wig ritoR T HEQ o9 of=N2 trehiich. 19
AP TP S AARES, TR AL AR(D) 239 oEXE ofuigich @A 470
3t ujol ol AR} 2K 2k Aoldl A|Z0At A24E Y] A|Zeo] 945
ok @ 4 Sk e dggio st olo] s} Brks] ok wepd ol SAs
sto A4, ol B0l BIABOAE ok ol ol8dte] A% Wt B
st Ao] Wbdolet o % gt

9) YojrFY wge ol Hslop & m47} gi7lol 83 glo] west HiE A Igke oS
2 Zrg3ict
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[12 4-3] 2UHSMA 520214 187]~2023 2827))
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o0 ® —— e * o0
=~ L o’ e, y o=
IH . . s
-'H-J 0 v ~ -

L
1t _
2021 Q1 2022 Q1 2023 Q1
-@- MEX —a— AR RW

% AR AR

20219 1871914 20234 287] AJEAE Higo BIABOAE YL ),
AR() 29 BRAZOAE 038, 9oy 239 BaAReAE 0.792 Uekir.
AR A24E 20| 943E oulahy] W] AR() 29 2ol

E 4-1) OIS H(BZHE2XY

AR RW
MSE/GW 0.38 0.79***

Z:*0.1, *0.05, **0.01
Aw AR A4

T
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IE3
rhu
N
o
w
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LISIHAE!

Fgelrs AAE A2l g 2okl telagol 282 ST Al 2703 Hieh
Zo| YA Mz M7t ExE fquig o 2o FUste diSstalzt st
= B Hispof] dieh AAZE Al 7hssH dt. ol AEAR] AIAE dS WHE

4 dISolA 1 +1 A d&2 ¢ A

e Aol thnk YEoE A
7 7183 HRE WO o]%ol
Q 2gel AR() RRe Aze|Rx.

Yy = dy—1 T €

AR(D) 2EL 1 —1 A g v,y

k ol-g3to] + Al gy 5 BYIRITE &9
eAE 141 A v 12 A5

71 93l ¢ A ¢, & o8k Aot &,

=01 20259 3&7] sHiSAtE diSshe dfole 20254 2871 sHSAtE ol
sto] 387] FUSPLE A& Aotk AR(DZ 22 AFAA AAE diEolre
t AFOIA 41 AR7HA ol Bt dISAE FHICIET + gtk S 7H
Ot AT 141 AT Afelol] ofE FA|1A A0l TASIEEHE o] & A5 HgE
T Rtk AR A5F0laL 2] FAo o dVsiA] X1t S40] AT 7HsAel
FEUHE de A8 B W ol dSel A AR A8 7F A 1
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& Sl FAIFeR dF 501, 1+1/3, 1+2/3, - T UIIAES B3 W AA
uit dojRj= diSAES] SECR FVISEe mefstal 1 ¢l A71E S 471
o] 2 ES w4 Qlrh10
UeAaE 2 A o ZolA e &8l Sloy 7 HEAR &8 ARElle
TS PAtolt. A 5T mRAYEN 2P YIAE 5 B2 Ueilag B
A7=0°] GDP YpAlagE HHE slal U o= %141%‘—*3{01 A AdRke] e
ST Y= di4 A@olHA = HR ARPE Zof FF 2o ofH=o] VI
fjzolth1l ofof] met & HuA 9 AA ULAAY A= SIS A" S

S
20 ol USsiaE BRoHE ofd ASS Tl B UeALY B
§g THAT 2QoHe HHIM THor T 2R I 2 Al Zolch A e
22+ glolEl(high dimensionality)e] €4, & WA= &3+7]|(mixed frequency)
A, 2= upRd Al AR gloleEe] THEAFEC] gEtA 7= EAl(ragged
edge)oltt. FARI HALHS QoA ofE Al 7H] TS siEdE 4= glofof gt
A AR Al B2 59 HolHE thi= Aol tiet 1234 HolH 9] Aot o
£ =0 FUSAAL UeAlage ALs] HAL Ueaiage E3l dlEsthaal she ¥
S g4tolm ole} IAH tE MpES of&sto] U7lA"s= 2ol URHY
olct. ojuff FF Y4 R 11 FJ A4S} Ro] QlOHA| ojEH T WA WHEE= T
2 59 A 2 S5¥eES ol&oHA Hedl ol A Wk 'large p,
small n' #A7F 2T 4= ek &, BSAY $2(n)ol] vlo AHHSY 5=(p)7F B A
HRASH= 2}Y9] A F(curse of dimensionality) 24| AT 4= 9lojof it}

T ¥R A= E4F7] Aol oAl e S US4 Ul AR AZE HAL
A&t st M WS PAR £ Hlolglolt}. 181 YsfAY ] £856
= A 9 seHres 9E 52 4, 9 |8 7RI &, dSotaiA} sk |

£ IR

A S A GE 271 1 WE

10) B2 gyiFoR /jage d3stes Al 7pigdes o3A7t AAgel $adts 54
7R AA 0 ol Agle] ZUSHAN H g ret dolert FAH T, o]E e 2o
RIgsha A5 ehgol PP ol

11) GDP 9ol 2% ARAAIsH WSS Feste] Rt AAXNESS U9/l2gat ok 78 2
§ BolRE 43, FAR ofUlzt BrbA, AR, A71AA 7] A WE Fol ot AL
& 3] olRolA1 ek
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Al A Al HlolEge] ERAF0] BEHA A7Ie B0t dRbE o e
LgolAe W2 2 Mg 85 Hedl B o g A2 BF tanh 9
£ 591 9¥ AARIBAIA = 109 YA Fof TxAT vhd 9 28R R|ASE 9
d mpAep Fof| dRET mEkA 9d T ol HesE vigleRE UeiiagS
sttt aBEA e 99 HolHE 28T & AR A= 8
OJEIZIARE o] & Utk &, AlHvT ARTRst HlofEl7E EEbiint. ol2Rt A%
< UHlage AR £ o A& oz W] il olF sET & 3
© S ARtsfof k.

U lAg 2 AR AAE OS5 HHES TAE S5k AR A7 7t
5o she FAAR] APl & = it olE M LA HlolH, &%
F7], TEAIY 2ol 59 sjdsfof & HASo] AL o3t BAIES dHEsH] A
oF opofet B ESC] AT Atk mEbA 1 ~ 3FOAME ol IAIE AT
T e PHES SHCE YIas BES AuETa) dinh AoAs 7FE HR
AU UAAT ALFQ FEYER 2] Y-S AW EL SHoA ol & Ht
oz eyt WS UelAagS s Baxk g

1. 1XIH QIOIE 2X|

U7HAE oA 124 HlojE] FAIE sidsh] 9t o R A 58821 EY
(dynamic factor model)E o]&3stAY Hjo|x]|ot WE|R}7] 3] H(Bayesian Vector

Autoregression; BVAR) 2L 0|83t 4= 9ith

712H0 2 X QAP eIt P (state space model)of| &3it. wetA &

3ist7] Sl Adeigtmgol tist olsid W art At AEEE
P2 A=Y 5 gl HPLE ol8olo] B3 LS AYshe AFFALE It 9
g 2~y BYoME b5l A 9 FEHFERYE
&% 35 29(factor)Eo] ISP Ageicka 7psit. oje TE 891E
= 3l FAelof sh= AR A4S

7RI AR E R 7 V9] S g o R Y Aks S (measurement

ofll

>
=2
in}
o,
o,
)
=
N,
X
)
NI\
e
>
20 ©
k
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ffo
o

206 _2025 MHE2I YEST Muoipumza;



/‘1'1:‘ _1'_57]“16__“@: %Zl\“ y;%

HEY A(transition equation

N
1>

g4]o]

equation T observation equation)o]t}. =%4} |
20| B AN S o)gsio] Audick AL Mol
FL state equation)O2, IZo] 71531 5,9 54 S AA3) Aoz

L:]— _TL]— 71ro] jioﬂd- 2~ Oh_q.

o

o

HEESS @9]"2 a7t Sl A —6({%} _
(sigma field=Z AIF 186 Al vhx] Ad4 (4} & 5l 7}%"2 T = FEEY
s Aulgteh. s, = Els, | F,),2,, = Var(s; | F)Z H5E7F37E
Tt AR, yg”fE(yJF)ZSH—Var(yg\F) —‘;l‘é}**ﬂ’ytglz:

RS et S9EAT dol Ao oxEd] et AgREL g

Uy 0] |[RO
[Ut NN([O}’[O Q})
Z, QA’} 4,9} v, = PSR EE(multivariate normal distribution)E W=

5 A} 7F BYS HgsI0] gEALe 03 Y

AUEEE o8t Bg FHWE2 2718k s, A4l B dAl= HAE . A
A 271t A oM e B5E7FsS 5, 9F T 24kl tiek 2713ke vt ol AT

So10°%0 10

T WA dESdA s 299 Bi(parameten)E ke 7HF5] 1 — 17174419
HEE ol8std 1719 gE2 thadt Zol A5t

12) AAY EAolH Fe(filter) AN lag operaton®] FE AABL ThE AL HaksHe o
ke ot
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Q1,1 =B 1, B+Q

L1 = AL, JATR

A WA BAANAE 5,1, 2, , 5 o183 5, . 2, 5 STk AT
ES HTHEE 1A ol8dte] ZRAe EEdh

St Stlt—1 £ QtltlA/”
_ NN ’
[yj IFt ! ([yttl} [A‘Qttl it
E3S, s 0= E(s, | ;)= E(s, | y, F,_ )& o]-gsto] tho] AN EE =&T
Ut

N

_ -1
st\f_stlt71+‘QHt*lA/EtHfl(yt_yt\ t*l)

=821 % tflA’Z;\ltflA‘Qt\tfl

AHAE AS2Hy, — v, ) E WGt ASAE dHlolESk:s otk &
5|, K, =2, AL, ),_ & ZWolS(Kalman gain)ol2tal $ict. o] whgste] o4t
swe] RS Hastele Fos 247} ZHozHEo] onE Zojzt).

HA SHA A= BB BeE thal ZHgstlou AAles 184 g7l
5_/’;3 ZAefof sttt ZWtdE oA EY9 B4 F9FA(maximum likelihood
estimation)& HfFo2 AT QA0 PR 7P o183l RS &
3 2o R4S 24T 4 Q) 4,9 Uigt 2AFR B X(conditional distribution)=
bt A

|

[¢]

v | By ~N<yt\z‘fl’2tlt71>

o|28E AR Z19%3K(loglikelihood function) /,()S thaa} Zo] Hojsich

1 1 o
1,(0)=— Elog@”)_ ElogdetZ“ 5 Wy ) \ltfl(yf_ytl i—1)

1
2

Jel3 ol Hiho R thewt go] EILEFSE oSk HAskste] neg 24
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£ ol&sto] AHstaiAt sk Aolth f, = Bf,_, + o oA Aot WSo] E7F
s 1,9 T4 FHE AolP4AE B At 13 HlolE Y] Aol sl
A& B3E 82 £, & ol9A BT A7t AU ol#et TE 29l B2 49
BARSERREH FEE Sl Y-S Facl] figolth. 22l Aool= thefdt
Hio] 243tk Stock and Watson(2003)9] 4L 2, & AAE FE5o8 Ayd &
R 4250 9918 7Pt W, Giannone et al.(2008)2 =, 1 A7 we} o

M9 EE(block)l oz FEsIT B2 1719 Q9IvHS F&3M= S AAH
23 ¥ 52 HIRCE 5 8RIRFoA HolH AdE Fotte] e

> oo
o

o,
=
o
fo
o

L}, HIOIX|Qt HIE{Xt7|2|15)

VAR Bg2 U lA"oA EAshks Ao AT A5 ad4oR 3

=
o
=
o o

2% 4 Qe WHESE FEWA QIrh10 Ho]X]eh VARS ot Z2 7|E4<
VAR FEIE 7Ky ulul4E AFAEZ(Minnesota prion)et Ze &4 AR

(shrinkage prior)& o|gsle] B&E ZA3Ic}17)
Y, = Ayt A Y, F ALY, et ALY, e

7P dRARl S4 APARIER] wv|AaE APEEE V,E FI5ke 2 W 9
H8(random walk)¥dE 7}4Hste] A WHA R7IARF AS(Ist  autoregressive
coefficient= 19 7H4A, UHAAE 002 F46HA staat sttt &, ol Axt 2
ofdeE IA WHeTE AX W] mRE JIo] Eolte AS 7P

14) ol FEAYEH 2P UeALY AAFOR ofof] thsiA] VAgollA] thEct

15) o] AQF HpHRo] it ApAISE A2 45(2024)E Farst] Highe.

16) Hjo] ARt HPHEE o] Qofw A 7Hgol st 14l VAR F4(0LS, MLE §)t th=ch
E9] nUlAE AR T 4 AHEEE LI W8S £ IHE VAR 239 Rz 7
off A7} =A] ghett. olof Bl diZol] glo] dlE Bx HAE A S o] di5o ES FA
Z4(Almuzara et al.,, 2023) & &= = 5 T TAY AF 2P o83 AIAY JIEolx L8t
o9 =tk

17) Hllo]IQt VAROIA 7F o] Aoli= APHEIE: - AFE AR (normal-Wishart prion)d o]t
- HEE APIRZE 99k &2 VAROIA A A= APeXE, 2AFY A re IE
(inverse Wishart) #25 7Pgdith olet 2 APHERE VARS Edhel Aol ARFER
(posterior)7} APEIEC} 22 FMH(conjugate)o] Fo] L4074 F7go] 753t ofdo] itk et £49]
AL AFHAolt. & HuAfoil= VAR A Savo] 242 957 diio]] vdlaet APRES
FHoR ARt
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E(A)=LE(A,)=-=E(A,)=0

VAR ZZ|AAF Al A9] 24k diside o=t 22 +25 7Pt

Var(AFD) = ayx 2,101 # 3} x ——x 2o
k 3

0;

A2 AHrAQl APAE 9] AATHtightness)E 273t 4,0] 0o ZHHIAH AR
BotA =L Hi=E 2 ] 000 ZIHIAA = ARFAQI OLSE HIg 2
Aeg g5k AT FYsHA "ok A, A7) ZAAG) o]9)9] W
()] BALE 2%} 4,71 19 7}77}'@7“#—% A7) A3 A7) AL o] 9jo w4 7t
BARO] Zpo|7} GlS-S 9Jm|gttt. 4,2 AlRHlag)oll mt EAto] Ak AE 2A5H
Q‘:]' wehA] v 4B APAREA A= AREA o R A7 il A7) A4 o9 tE |

FEI] wAF A5 AP Bl 028 Tojso] 45 $35H drt. o]t 4
"é*% AAshe Wl dis] Agel o]24 wiHo] Y A2 oty BEHA(rule of
thumb)2 & A, =0.2,4, = 0.3 (Litterman, 1986), i, =2 (Sims and Zha, 1998)%}
22 2E50] gird o= ol AREH
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2. =g F7| =

T 7] 2AIE shash] A%t e RE RS

3, WY (bridge equation),
MIDAS(mixed data sampling) S°] UY/fAEOA F& 2857 Qi

7t HSZR

o2t

nEe HEo g 3 LE
A U9AAYE el BAh 5980589 SFWAHN (e, = Af, +u, ) Az,
UhA 02 AYFAPARS HIRSto] ofg] AX|/FEHFEC] ZHET. F7]2E 274,
4 #5Eo] 2AE ] & Aeoltt. olggt 2% F7] EAIE ARIx(ow frequency)
A5 1= (high frequency) MR #gsto] s dsl= Zlo] Yubxoltt. £/ 8 W
2 gi= WHIlsl= Ao|th18) Mariano and Murasawa(2003)= Arejaztn gL
HiE o g H7|d HeE g Wag Wolslict WEke] dA] 7Py AUl B He
(Y)7F T=EEA = 79 FA(latent) € W4(y,))Z HH 7Fssiths 7HYo|
Mariano and Murasawa(2003)= #¥%= 27]d W)} B=2E)R] = vule 7
A 4 Wy BAE o2 Zo] 7S

v
By
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ul
=2
o
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Hu)
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ro,
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ok
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oflt
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fo
ro
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T

¥, = +{In¥ +Iny,", +1nY§,2)
ol Hy|¥ Wiyt oy 2] Y AR 9 WSS9 751 FH(geometric mean)Y
= 79t A %?-:13}5}-19)

Y, =y Y, Y,
ol2igt 7Pgstol A sk thedl Po| AL 4 9tk

&

% InY,_ ,—InY, ;

% InY,_,—InY,_, ) +

InY,—InY,_ ,= % InY, —InY,_, )+

18) B2 Witf2 &g Wiss 18 WpE Hash JE 7Rssht wigk B4 1] El(information
loss)o] WAL tieo] Awsrt 4l Hebds Z:“"_EW E71d HSE ez WHslslE Zlo] o
ElzzBlig

19) A&gd(arithmetic mean) FEE 714 = o} o

q z71meo] u|AY &
HIE 7HAA Eo] 82| ofgizo] AT Syl Qi wEbA @ <

758 FEE 7Pk
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=
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218 ESEE 4 = 4, A U SRS o) = Ay 2 HOfE HsHE
A4S et 2ol BAT 4 Ak
o ]_ * * * 1 * * * 1 * * *
yt_EYt‘Fthl‘I“ytfz +§ yt,1+yt,2+yt,3 ‘I’g yt*2+yt*3+th4
1 2 3 2 1 -

= gyt + §Yt71+ §Yt72+ §Yt73+ Eytﬂx

yi7t 2,00 EElo] Y71o) ZAMAN (s, = A7, +u, )& BROR ) = A, u, B
AAshE e Aol maHrt

1 2 3 2 1

Y = Al(Eft+ Eftfl Jrgftfz+ Eft,3+ Eftﬂt
1 2 3 2 1

+ gut‘F Eut,l + gut,2+ Eut,3+§ut,4

£ 271E A #=z Heslo] 2F S 51
= 2otk J¥ud A A RS ofFA FHASH] E71E
gheh ZiR17tel thgt wAI7F gor vk & A1 FA WHS F2 Stock
and Watson (2002)9] ®¥#S wEc}. Stock and Watson (2002)2 ¥¥ A #9] A
Aol w2k ZA Al 7 JA RS A WA d A1t AFE 52 Wkl
B5olle tha o] Hgeith

xl=a/ + 22" )3+ 3x/l g T 227 2y

o= 7|22 o0& Mariano and Murasawa(2003)9] Au}e} SUs HhAlolct ¥
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0Z
IE3
rhu
N
—
o1

HNAZ AAE o



B SeH(flow)olw o]S0] o ByE AEES FAI
xz —xz +xt 1/3+xt 2/3

upREto g e 2 #7h A (stock)old 7 AN 4 AER 271E AR
£ diAleith

olg ufgos 7} Y ARE 1 AUl A B/ B W] oS0 B

Ct. MIDAS
MIDAS(Ghysels et al., 20060)2 R0} n7ix 2 2718 A 5ot 9 AES
Adst= Wolth. MIDASE 394l v o & ohn ohaa} go] FH4JH
y, = a+ B,B(L;0)x +e

ypx > 47t B7] Wskga 9 ARE 9ugith. e 7 dr(weighting
function)& ®|E}gk(beta funcion) 52 ©]&3to] tha} o] AHolgict

K
;B(kﬁ

Z 9 ARE WASHs WAlo] ottt 71EXE Hestel YE Ax0) /M
& T+ ot} MIDASE €9 Ho|HE A3 AREstaL
_%246}1‘4—% ]/q EHEEY A _‘,} x].o]7]. ohq. WERHEY A
< ¥ HolHE 714 HolH=E HAS 3 AMgot 271E A 3= JAY b 74

NEAE g8 ThEol.
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3. HO|E WEAIM 2H|

USAA” A= ZF ®ig9] WHAR]o] Eet UeIlA" ol &85ta4 ok s
o] IEAIG7E Alduitt oE FAI7E AR olof Hitt e Es HEStEE S

o] &3t WY} ©estA dlS=2 REESHs WRol Atk

FHBEG A HlolE7} WHEA] FOow o]E ZZX|(missing observation)&
7+53to] EM(Expectation-Maximization) €385 0]83] g9 247 A=A
5t dl2S SAJo =35 4= Doz et al., 2012; Banbura and Modugno,
2014). EM g5 32 Y-S 30k XA W F shdo|tt. o] &
Doz et al.(2012)9] EM ¥1#|&2 Aei37e E9FsA BltolE o] &8 7hs3gt 4
o slo] elAagol de] &85 Qltt. 7[EA 02 EM EiE|E2 JHS=EE Y
ARt BaE SAlo] 4Rt

A, o 2ol BEIFET vt s 7t ARt HY fx

=

Y
i

1.

ool

]

e

ol

}.

T T
logp (s;. 1>V 1.p | 8)= Y logp(s, | s_1)+ Y logp(y, | s,6)
t=1 t=1

(v, 01 0171 &l logp(s;.poyvi.r | ) 71HEE (s}, 60l sl Xh
Sloto] e}t BRE FAO] 47T

[O9 4-51= EM daels F438S et EM @aEge 4382
E(expectation) I3 M(maximization) I3 02 o|2ojxc}. E IAA= ¢V 7}
FolHEZ 1 o]F o]dst RIAFEIFE ARSI &, ol Elogp(s,.1.v;.1/0)
9] FHY8AE Aklols IFoltt. FAIF 2= ARHEHY| d&Z Bof 2SXE
55tal, 74 olA = AS5A] Qe Wtk o] &Stk 18l HeshdE Eof 2
1—?—5@—}?—‘; 74]4}?}“4’- < M o= E ZHAollA :rLB} E:LTEGV\E B}E}-—E
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[33 4-5] EM 2u2F FHary

X735t
£7| 24 60 47

v
E tHA|
(Expectation step)
6*) uhes

Yot o5

A

FIEINES
A=A Y ol
TErS B
2aeEs

000 A 4t

v
M EHA|
(Maximization step)
ETEA|O| A A
(™) 2 o|gstof
24 AAl g+

A A =
448 o8

ok —o®)|| < £?

Az A3 2
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vl S0l AT 8 FEAE ARSI Tk AR 9
AEE A At 24X A&EHo R IREE N ARE HEOE USAES
Fsto] T4 FAVE EREH7] A AAY BAVIHE FE5k= AS FHoE It
(07 4-41= AR mEAgEHolA Liske 20259 387] vlat AT LA
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[23 4-6] mEAYELHI2Y LILIIAE(2025 327))

(a) LIIHAE O=X]|
New York Fed Staff Nowcast

# The New York Fed Staff Nowcast M 50% Probability ™ 60% Probability = 70% Probability 80% Probability
[ Latest GDP Estimate O Advance GDP Estimate

Percent (annual rate)

5.5

50

45

T T T T T T T T T T
May 30 Jun13 JunZ? Jul 11 Jul 28 Rug8 Aug 22 Sepo Sep10 Oct3 0ct17 Oct 31

(b) GIEX| tHet 23
Impact of Data Releases
4 The New York Fed Staff Nowcast [ Latest GDP Estimate O Advance GDP Estimate
M Construction M Production M Surveys M Consumption M Income M Labor M Trade M Prices ™ Other

Percent (annual rate) Expand

3.0
Data Flow (Sep 12, 2025)

25 Nowcast
: Model  Release GDP
update Date Data Series Actual  Impact Growth

12-5ep 208

§35AMSep11  MCPLU: Allitems less food and 035 002
L energy

835AMSep11  WICPHUAllitems 03 001
.0 Data revisions 000
Parameter revisions 0.00
0.5

5-Sep 210

05 I

T T T T T T T T T T T T
May30 Jun13 Jun27 Jul1l Jul25 Augd Aug2Z SepS Sep10 Oct3 Oct17 Oct3l

g FEAeEn]28, The New York Fed Staff Nowcast 2025:Q3,
https://www.newyorkfed.org/research/policy/nowcast/#nowcast/2025:Q3, AMUR}L: 2025.9.15.
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CP(91%) =l t, wa

Dollar Index sr=23 t, wh

KOSPI Rl ES t, wh

KOSPI PER St 42 t, wa

KOSPI Hig+2lE R ES t, wa

HESU K| =7H|0|EfK t+1, wa
=OR(1'4, 54, 10) =2 t, wa

Ela o= N =2 t, wa

7|97 |HAK (Y, IHEXTY) =l t, wh
NN s=2a t+1. w2

EL eyt Bl S22 t+1, wi
AHIKSBEAAHRMZ| K|, AHIXIEHY) =l t, wa
ENSIN =N =7HI0|BK t+1, wi
AHXSHY el t, wa

A 2Ls8 t+1, wad

HYE =7H0|BK t+1, w2

HYX=QNE 02 3-670, 6-1270, 12712 Of) =7HI0|BK t+1, w2
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AL ALK | =7H|0|E{K t+1, wa

M AZENH =7H|0|E{X t+2, wa
HNEY7ISEX| =7H|0|E{X t+1, wi
HEGMASHX |5 =7H|0|E{X t+1, wi

MM AK | =7H|0|EfX t+1, wi
FEHAEQIGI FA EUEE t+1, wa
TEHAARIS AN ZEWEE t+1, wa

Z=EHOHOR7 AR | Rl t+2, w2
NERS=IRl =2y t+1, w2

FA =7HI0|BK t+1, w2

Z32(12) =2y t, wa

20171, EMO =7H|0|E{X t+2, wa
shE(3/Ee, /90 B/YEN, H/R2) =2 t, wé
SIAIRH(3'EH AA-, BBB-) st2os! t wa

2 WA = Y we F2 o)
g AR 24
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