Time Series Cross Sectional Data Analysis
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0. TSCS A9 1 (st @] A: Strict Exogeneity Regime)
<examples>: DID, TWFE, LFM, SCM

1. DM-LFM model 948" L2Al(Pang et al., 2022) = dynamic multilevel latent factor model
Yir = Ouwir +letﬁ+ Zzt a; + Az; &+ F’Y, + e
= dywy + )(ztﬁzt + ’Yzft + €y Zfﬂzt B+ a;, &, = ®£€t71 +ep fi :fotfl—’_yt
= ywy + X/ﬁt(ﬁ+ a;+§&)+ 'Yift ey
= dyw; + Xi,t5+ Xz;s (wa * 5‘1) +Xi; (‘Ug * gz) + (C% * ’~Y)ft + €y

U=(U, U, .,Uy)=TF
I'= (71, Va5 veus 'yN) (r x N) (r € minn, T);FO = Diag()
F=(f1.fo i f1) (rx T)
X, : (Txp,)
Zﬁ (J 1,2,..py): (TXp,)
Ay (G=1,2,..,p3): (TXpy)
fj(] =1,2,...,r): (TXr);T, = Dz'ag(u);ﬁu);,é,,,,,w;,r)
B (p1 S 1)
a;: (pyx1); Hy = Diag (w;], w;_z,_,,,w’%)
€= (61, €0&p:Eunsbr) ¢ (py X 1) 5, = Diag(wg, we, ... we )
vye, fi ~ N(0,1)

(1,2,3,..., V)

1(123 T)

by
ﬁ;JT?;k ~ N(O,T\?«;JJ\%J)\‘[; ~ Fxp( 3) )\2 Gla,a0), k= 1,2,...,p,

2. DiD model(Liu et al., 2020) = fixed effects counterfactual model

Zi=A;= (1,1,1,-,1) y=0;
Wy, = wg=w, =0
S Y = 0wy Xy Bt ot & ey

3. SCM model(Abadie et al., 2010) = a factor model = Synthetic Control Method
Z, = @,X;, = A;time — invariant
Yy = Sqwiy + X B+ & s ey
==> Bl A Ao AFCRAIZE A2 EF)

4. Gsyth model(Xu, 2017): Factor-Augmented Approach
Zy=A, =2
Sy = Opwy T Xy B S ey

5. TWTE(Angrist & Pischke, 2009)
Yy = 0wy + Xnﬁ +a;+ & tey
=> 67} igElo] Qb olAl, DIDO] 6,9 2RA Ato|7t e
a(alpha), B(beta), y(gamma), S(delta), s(epsilon), &(xi, 3A])



6. RrZARSY

7}. DID

(1) Multi-period DID

- Athey and Imbens(2018)
- Egami & Yamauchi(2021)

(2) Staggered Adoption DID
- Goodman-Bacon (2021)
- Callaway & Sant'Anna (2020)

t}+. DID Extensions

(1) Semiparametric DID Approach (propensity score model, inverse propensity
weight)

- Abadie (2005)

- Strezhnev (2018) : Semiparametric + Staggered Adoption

- Sant’Anna & Zhao (2020): doubly robust DID based on the conditional PTA.

t}. Twoway Fixed Effects (TWFE)

- dutA ol mjgg|o]g(figure C)of] o A3HAngrist & Pischke, 2009: 236-243)

A 10 §(RXaxh)7t Argetn 7HdstAE, 735 A8 (strict exogeneity) 7188 AA|gH
Bl 2: Aol mhe olEAQl MAans Zeretal 23 Axad) jHEe ol
o2 Aglsto}H, x| gyt= mgFAo|ct.

A9 Dvel B

3
4: no carryover effects.
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DM-LFM 7#2](Strict Exogeneity Regime)

1.7]1271%. Athey & Imbens(2018)

i= (1,2, ., N)

t= (1,2, ., T)

N: N80+jvt7"

a,€11,2, .., T,c}

N,ifa,=c> T

N, if(a;=1,2, .., 7)

STy, =a—1

w; = (wﬂvwmv ---7wit)
w=0ift <aq,

w; : w;lay), w=1ift > g,

Winx 1) = wpwy, Wy

Assumption 1(Cross-Sectional Stable Unit Treatment Value Assumption: SUTVA)

- A g avks wiAlska, AR 2o J2o a5 IA 2

yit(VV(NX T)) = Yit (wz) = Yi (wi(ai))’ Vit

- TR0 FAHA Aate @) ARIGEfO] diet ez Aod & UAS

- oA, 59 "3 Ao, FLo] thE =7t FAEAA F
Alste A A(C1A2 e gt 7<)

- 08 ot AAAE W aab AolA, A F(state)q] AAAME ¥ MEQ AL B
2o AAAE HA EQte] ARl glo] BRo Ergo &2 UIRIA] =t
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[Assumption 1 + Assumption 4 => Strict Exogeneity ¥ZAgt Q1]
{7V 0), Vi (1) } 1L D 1 X T e f10 7, Wity s
Dt T0)7F AlZHs)olA Q] AEAAR(ERAAH X X
Y, (0): SARE deldAe) s Any, (1) AA¥G

AR AR 7IEANA oju] AREY, 2t Ad=
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Assumption 2(No Anticipation)
Yir (a;) =y (c), for t < a; Vi

counterfactual outcome: y; (c)

Estimands
i = yiu(a;) =y (c), fora; < t < T

ATT(average treatment effect on the treated) for a duration of p periods:

1
61): N 21’:T*p+1£(1,£ Téi,aﬁ—p*l

tr,p
Y(O)(Nx 7) under W=0 (7, €., a; = C Vl)
t)lw,; =0}y, (c) observed
lwy =1}y, (c)missing

= {(t)
Y(O)(Nx 7S 51 = {(it)

X(T>< p) = {leXQa ...7XA\'}7X¢ = (ijp XiQa ) XiT)/

2. Assignment Mechanism:Rubin et al.(2010)
P’I’( Y( )m/s | X Y( W)ohs W)

Pr(v(0)"® x, Y(0)*, A) =

Pr(X, Y(0)"*, ¥(0)*)Pr(Al X, Y(0)"*, ¥(0)**)
Pr(X, Y(o)obs A)

o Pr(X, Y(0)™*, ¥(0)")Pr(4l X, Y(0)™*, ¥(0)"™)
o Pr(X, ¥(0))Pr(4lX, ¥(0))

Assumption 3(individualistics assignment and positivity) no policy diffusion effects

Pr(4lx, (0 HPra| v;(0)),0 < Pr(q;lX;, ¥;(0)) <1Vi

=1

Assumption 4(Latent ignorability) implies parallel trends assumptions
a vector of latent variables U, = (u;;, wigs ..o t;z), uy =y * g(t)
Pr(a,| X, ¥,00), U;) = Prie] X, ¥;(0)"", ¥,(0)°", U}) = Pr(alX, U,)

==> we will extract U, from Y;(0)"".

parallel trends assumptions: u;; = uy, = ujy = ... = Ujp = u;
Assumption 5 (Feasible data extraction)

UV(AVX 77) = (U17 UQ; ) U\')

U=TF

H7'XT) = (flnya...va)
F(r><N) = (717’727 ...7’74\')



3. Posterior Predictive Inference
X X&U

s 4y PrX, v()", Y(0)")Pr(dlX, ¥(0)"*, ¥(0)")
P’I"(Y( ) |X Y(O) A) - , .P'I"(X Y(O)obs A)

o Pr(X, Y(0)™, ¥(0)™)Pr(AlX)

o Pr(X, ¥(0))

Assumption 6 (Exchangeability)
{(x;,

.+ ¥ (c)) }is invariant to permutations in the index it

By de Finetti's theorem(de Finetti, 1963)

Pr(Y(0)"*| X, Y(0)", 4) o« Pr({(X;, y;(c)})
OC/(tl;[Sf yzt mzs'Ath’@)

]:[f y7t ObS|th70 ( ) e
S

<posterior predictive distribution> <likelihood>

©: the parameters that govern the DGP of y, (c)givenX, . 0 = (6, U)
4. Estimation Strategy(FA
Oo={Gt)ID,=0},M={(i,t)li< T, D, = 1} O=Observed, M=Mi
(1) "O"(EAAHE °l

23to, v,0) = f(X,) + h(U,) + 6,2
(2) HRA FRA|o thal WHAMAA A

v, (0) = £(X,) + h(U,

H]—)

o

TH Y, (0))5 A5

) for all (i,t)e M
(3) 6,2 %R 6, =Y, — Y,(0) for all treated observation (i,t)E M
(4) 6,5 &gstol, ATT, ATT(s)Z 53T
ATT = 5,5

WEM% :

|,51 ) cs0 = 1G,D,,_, = 0,D; 4 se1=Diysi0=.. =Dy



M. TSCS F2HMH 2 (&X1A B AJA: Sequential Ignorability Regime)
1. Key Assumption

{(V,00), v, (D)} I D | X, Y0, i
X't AZHOZERIO] FEAES oAt
VU= Y, Yo s Yion b (t51) ARPRIS) S4840] oat

o
9 -
- eAN PAY: AR MBS 2E I FUENAL F4UL TE TPl
- oEs g AF(Y, , => D, X, | => D))

- 39 Zapt AgRoR @xje] Ao AL oH(Y, , => V)
- olgad AR(D,_, => V)

cee T

JH 4 DAG for DGPs under Sequential Ignorability

2. ldeal experiment: sequential randomization

3. examples: Lagged Dependent Variable Models(LDV), Autoregressive Distributed
Lag Models(ADV), Marginal Structural Models(MSM)

4. PanelMatch (Imai, Kim & Wang, 2021)

- 1 step: find matched units

- 2 step: matching or reweighting

- 3 step: block bootstrapping. compute ATT
- M=, dlolEt Eol&

4. MSM(Marginal Structural Models) - epidemiology & biomedical sciences
- Blackwell & Glynn(2018), Kurer (2020)



