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o i RAFEXN A M /MRZ £ B RE 8] 2, BBl “staggered did”, %4 A DID
2 # 4! DID(staggered DID):T* H A& 5, B AL A4 8 5 A F Bt 8] 1 — B (vari-
ation in treatment timing).

* Bacon decomposition
Goodman-Bacon, Difference-in-differences with variation in treatment timing,
Journal of Econometrics, 2021
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Fig. 1. Difference-in-Differences with variation in treatment Timing: Three groups. Notes: The figure plots outcomes in three timing groups: an
untreated group, U; an early treatment group, k, which receives a binary treatment at k = %T: and a late treatment group, ¢, which receives the
binary treatment at £ = %T. The x-axis notes the three sub-periods: the pre-period for timing group k, [1, k — 1], denoted by PRE(k); the middle
period when timing group k is treated and timing group ¢ is not, [k, £ — 1], denoted by MID(k, £); and the post-period for timing group ¢, [¢, T],

denoted by POST(¢). The treatment effect is 10 in timing group k and 15 in timing group £.
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Fig. 2. The four simple (2x2) difference-in-differences estimates in the three group case. Notes: The figure plots outcomes for the subsamples that
generate the four simple 2x2 difference-in-difference estimates in the three timing group case from Fig. 1. Each panel plots the data structure for
one 2x2 DD. Panel A compares early treated units to untreated units (A37): panel B compares late treated units to untreated units (Af}}); panel C
compares early treated units to late treated units during the late timing group's pre-period (A2"*); panel D compares late treated units to early
treated units during the early timing group’s post-period (A2**). The treatment times mean that Dy = 0.67 and D = 0.16, 50 with equal group
sizes, the decomposition weights on the 2x2 estimate from cach panel are 0.365 for panel A, 0.222 for panel B, 0.278 for panel C, and 0.135 for
panel D.
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estat bdecomp

. estat bdecomp, summaryonly
DID treatment-effect decomposition

ATET = 4.041694 Number of obs = 100,000

Number of groups = 10,000

Number of cohorts = 3
ATET decomposition summary ATET component Weight
Treated vs never treated 4.,0435917 0.865605
Treated earlier vs later 4.0245287 0.057598
Treated later vs earlier 4.,0331799 0.076797

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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. estat bdecomp, summaryonly
DID treatment-effect decomposition

ATET = 1.389688 Number of obs = 50,000
Number of groups = 5,000
Number of cohorts = 3
ATET decomposition summary ATET component Weight
Treated vs never treated 1.9728088 0.860939
Treated earlier vs later 4,3441312 0.059597
Treated later vs earlier -7.1439268 0.079463
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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. estat aggregation

Overall ATET

Number of obs = 50,000
(Std. err. adjusted for 50 clusters in state)

Robust
y ATET std. err. z P>|z| [95% conf. interval]
tr
(1 vs 0) 3.654175 . 962046 3.80 0.000 1.768599 5.53975
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Goodman-Bacon (2021) shows that when the treatment is binary and the de-
sign is staggered, meaning that groups can switch in but not out of treatment,
we have R

Bfe - Z Ug,g’,t,t’DIDgg’,t,t’a
g#g' t<t!

where DID, ;v is a DID comparing the outcome evolution of two groups ¢ and ¢’
from a pre period ¢ to a post period ¢, and where v, ,;» are non-negative weights
summing to one, with v, > 0 if and only if g switches treatment between ¢
and ¢ while ¢’ does not. ? Some of the DID,,;» s in Equation (5) compare a
group switching treatment from ¢ to ¢ to a group untreated at both dates, while
other DID, , ;s compare a switching group to a group treated at both dates. The
negative weights in (3) originate from this second type of DIDs.

22



oM T L HAEWMIBEIN, F5r) TWFE it 77 & 20 ERBE T B RELHE,

eFELL, RATHFRNAEFASZRRN. HFW, EWRTNEE—HFAMR
FRIEAE N BT —E MRS,
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2 FRRFFIMELEMNATGE

o RIBAA . B HABEAT B2 09 -F 5 AL B R
-DeChaisemartin 2 d’Haultfeuille (2020) # H # i+ & (did_multiplegt)
—-Sun # Abraham (2021) # H 8 fit & (eventstudyinteract)
—Callaway #7 SantAnna (2021) #& i # f5 i+ & (drdid, csdid)
o HAME T E
-Borusyak et al.(2021) # H# 51T & (did_imputation)
-Gardner(2021) # 4 89 it & (did2s)
* Solution 1: Callaway and Sant’/Anna (2021)
—Use valid comparison groups
—-Split the problem into 2 by 2 comparisons
—Compute ATET(g,t), where g is the cohort and ¢ is the time
* Solution 2: Wooldridge (2001)
— (Do not blame the messenger) Include heterogeneity in your regression

—Add the adequate interactions with cohort and time
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-Compute ATET(g,t), where g is the cohort and ¢ is the time
—Computing ATET(g) or ATET(T) is also possible
e — 1 survey: Roth et al. (2022), de Chaisemartin and D’ Haultfoeuille
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* Y., observed outcome
*Y;:(0) potential outcome of not being treated
* (4;, is an indicator for treatment group
* g is the time at which a group of individuals is treated (cohort). ¢ K& L% ¢ £
BB
*Yi:(9) potential outcome for cohort g. Yi(g) = ATET(g.t), % g ANMEER t A
PABE s QA
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H AR
* Treatment is staggered
® Parallel trends
* No anticipation
* Overlap
=T
* Regression adjustment (RA)
* Inverse-probability weighting (IPW)
* Augmented inverse-probability weighting (AIPW)
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2.2 Regression Adjustment

ATET(g,t) = E{

(1)
e mg(X) = E(Yi— Y, 1 | X,C = 1)
- %t T never treated group (C =1), & ¢t #if g iz By =

* C =1 is the never treated group (G, = o)

[Yt Vo1 —mg(X)] BEEZEXNTEA g HB9ME, WHHEMATWE FHER (¢ S A=
B g — 1 ﬁ;ﬁ]ﬁ’?% ®) Wz B, EHE never treated 4 75 A8 B B HA B9 & AL,
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Gg
E(G,)
* ATET(g, ) is calculated using two groups: ¢ and C' = 1, never treated

Aﬂﬂ@w:E{ m-nq—mﬂmq

* Qutcomes are computed for two points in time
*2 by 2 idea
* This is done for all g and all ¢

* We could have other 2 by 2 comparisons, i.e, using the not yet treated Identifi-
cation assumptions are the same but need to hold for each 2 by 2
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2.3 IPW iR Ny

G pg()(())
ATET(q.t) = E I /10 Y, —Y,_
(g7 ) E(Gg) r Lpg()(())()} [ t g 1]
-

*p,(X)=P(G,=1|X,G,+ C =1), i.e., conditional on the sample we keep
* Steps are similar to before with the additional computation of p,(X) and the

ﬁg()(f) )
. 1—pg (X
quotient —E[ o)

1—ﬁg(X)}
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2.4 AIPW (double robust)

pg(Xl)
G T—py(X1)
ATET(g.t) = E g_ _ Pgl1 Y, - Y, | — X
(g7 ) E(Gg) E |:1pg()(()1())i| [ t g 1 mgt( 2)]
—PglA1

* Notice my (X,). Emphasizes we could have different covariates.

* AIPW is doubly robust. You may incorrectly specify at least one of my (X;) or
Py (X1) and still recover ATET(g, t)

* CHk:
Sant’Anna, Zhao, Doubly Robust Difference-in-Differences Estimators, JOE2020
Callaway, Sant’/Anna, Difference-in-Differences with multiple time periods, JOE20:
stata: csdid drdid
drdid | UGB EM It A B AL ELAE 2 x 3DID hit, AL TEIAT
Sant’Anna and Zhao (2020).
csdid 523 7 Callaway and Sant’Anna (2021), 7 M A= — A T e R4 .
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[CAUSAL] xthdidregress — Heterogeneous difference in differences for panel data
(View complete PDF manual entry)

Syntax
Two-way fixed effects

xthdidregress twfe (ovar [omvarlist]) (tvar) [if] [in] [weight], group(groupvar) [options]

Regression adjustment

xthdidregress ra (ovar [omvarlist]) (tvar) [if] [in] [weight], group(groupvar) [options]

Inverse-probability weighting

xthdidregress ipw (ovar) (tvar [tmvarlist]) [if] [in] [weight], group(groupvar) [options]

Augmented inverse-probability weighting

xthdidregress aipw (ovar [omvarlist]) (tvar [tmvarlist]) [if] [in] [weight], group(groupvar) [options]

ovar is a continuous outcome of interest.

omvarlist specifies the covariates in the outcome model and may contain factor variables; see fvvarlist.
tvar must be a binary variable indicating observations subject to treatment.

tmvarlist specifies the covariates in the treatment model and may contain factor variables; see fvvarlist.
groupvar is a categorical variable that indicates the group level at which the treatment occurs.
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3.1 Wooldridge

zt =n+ Z ngag + Z fsas + Z Z thngfsTgs

g=q $=g
* g is the first treatment time and ¢...7T the post period
* f, is 1 if the time period is s and O otherwise
* We have group and time effects o, and «;
* Heterogeneity is captured by interacting group and time effects

7,5 = ATET(g, 1)

* We use all our data and do not partition them
¢ If I have covariates, they enter fully interacted
* Extended two-way fixed effects
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3.2 De Chaisemartin 71 d’Haultfoeuille (2020)

did_multiplegt
de Chaisemartin ## D’ Haultfceuille (2020) # #i 7 DIDM f5it &, &2 —/MA
FHE, WET AR (DID):
* a DID comparing the ¢t —1 to ¢t outcome evolution of groups going from untreated

to treated from ¢ — 1 to ¢, the "switchers in”, and of groups untreated at both
dates.

* a DID comparing the ¢t—1 to ¢t outcome evolution of groups treated at both dates,

and of groups going from treated to untreated from ¢—1 to ¢, the "switchers out”.

TAFEREZ, FEHRRABNLEA. KA B LW AL R M8 R AT AT,

T A By AL B (o PR 1 A EIA R O) MR A M iEfI 4. i £ #1 DID
BA, RFRTRIALEANEIL,

t

N N,
Wre =Y ( ]i}g’tDID“ - ﬁ;’tDJD_,Q
t=1

DID,, 8 ZBEM 0 2] 1 B9 FHERBERTAE (FHAMZ 0) W FHEXR, DID_,
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FEHEREL (MHAE 1) WFHERBERINA O B 1 B FHER,

N, N,
DID,; = > P(E(Yy) —E(Yge ) — Y P (B (Yye) — E (Y,
D, =1.D,, 1=0 Niog Dy =Dy 4 1=0 Nooy
g g t= g,t—1— g Ugt=Ugt—1=
_ Ng,t Ng,t
DID ;= ) (£ (Yye) — E (Y1) — > (£ (Yye) — £ (Y
2 N I _, Nos
g g t=Lgt—1= 9:Dg:=0,Dy;_1=1

HEBHPEE: REAAANXRALES, BINTE Mt -1 HLTHRNAFXELS, WE
tAt—1 HMERRNEATERAES . KM R LB R EFTAR, BRI ELER
TR R B .
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3.3 Borusyak et al.(2024)

did_imputation
o SR A R AL IR 4H Y 40 4R B — AN [ RURL ET AL
o SR Ja A B X AN ] 2 2R A AL TN AL 2 28 8 4n ok AL B A Y R ZF SE outcome,
o AL HH By B & outcome ¥k K ZF 5L outcome, BN AL FE WA .
® 3 Ja Xt X Mo AL B AR R AT A Sk A,
Callaway f# Sant’ Anna (2020) L % Sun # Abraham (2020) #ff ¢t — 1 #Hy &
RAEAEVELR, T Borusyak et al. (2024) N A 1 2| ¢ — 1 #Ary-F 345 R A1F H £ k.
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e Goodman-Bacon (2021) %%#, “#4&” 24 DIiD TWFE & E @y it (74 (2)
B 0PP) 2 “ErTE eI A/ FHA DID it E A K E P WA T HE”. flin, L
RE A ZHE (NRFOEE —t— B HEARE—EE —T), TWFE it 2 &
TR 2x2, - MU REXIREND (koA U), NN REEZAENA
(KA k), ZHERE ¢ #XE, UR—NMRGEEXLENE (RT3H D, Z4AE
Bl ¢ B AHE,

e T REHIBI A 2 x 2 DID WRF K — M EY (RHSEHETAEBNM Lz —) foZ
MERT D (Nt Bl T) ABEZAENE (EAXEBE, FHAFNTREN 22 B R
TR EHZ BB, L —A “NEE” W2x2 hWRFHEXAENLILEE
e BNl (EAXNEE) EN G Bl ¢ WA HF D N ER (BREXMERLT,
BHBESAENL I ESAE, MEHEXXR BN EAREXAE), 7— “Rif
B” W 2x2 WREHEXAENS IV ERHES BRSOV EN ¢ B T et & & o
WEED (BIEXMERT, EHEXABENLVESAE, MEHEXLRENLILE
X TAE). 1MUY, FHEXAENS VW HAENERA, ATHKEH
BT AENER.

37



