Cluster-robust inference: A guide to empirical practice
(James G. MacKinnon, Morten @rregaard Nielsen & Matthew D. Webb)

Journal of Econometrics, 2023

RRIGMEEN: 2R R

CHEN Zeyu

School of Economics, Renmin University of China

Last updated: 2023-07-18

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 1/65



-
B %

Q EAREEMMEIER
o MAIGE 5 R KLEM
o RALM G RIFAER

Q@ —xEBHEHE
o M HEERX?IEH T EERLEEBRLD?
o BEMARRLEEX?
o fEFi— LTI ERAABXER
o MEEX
© 1 MR AT AR 47 T KA T
o BAAT IR T30
o X 1: KEEXMIEN
o &N 2: BRRBHAERNEN

Q A AR ER AT R KA RN

o REBBIAME R

o FIEE X BBIE (wild-cluster bootstrap)
© R4 EAR LA AT TIREEIW

o ZWHHRENIZILIRIMA?

o RAMR MBI L RIER

CHEN Zeyu (School of Economics, RUC) re 2023-07-18

2/65



AARRAGMEEEEE LR £ 0]

Eh5a

Q EARELMMETHER
o MAIGE 5 R KL

Q —2ESHHE

© AR AT R R ARG T

Q £/ BBEARER #HAT R AR T

© 44 (I K AR 40 SH R

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 3/65



RARXGHnEERY RELI S
ARG E
o BMELMMA N y=XpF+u, HA Elu|X]1=0 B Varlu] =E[uu'] = Qo
o 7£ OLS it T, R# p M AfHIHEA:
f=X'X)"'X'y=p+X'X)"'X'u
o TR, BHAEN:
Var[f] = (X'X)1X'QX(X'X)™?

o WMRIREINM A EFHR LML, BN Q=021, W Var[fl=c?2X'X)", TR
T ARB T ENMEITEA:

Varlfl=s*X'X)", Eds? =0'a/n-k)

o MRREM A EHEMER—ARE, HAVTUER 77 ERERER S
FT—BIERT (White, 1980):

Var[f] = (X'X)™" (i Xixgﬁ?) (x'x)™"
i=1

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 4/65



AARRAGMEEEEE LR £ 0]

o WHMHIAT, RNBETEHIMT O RRE— X AR, MAERREM, kst
BGANMEXE F g MRESLA N, MEK, M Q B—RETT A R

Q; 0 0
0 Qo - 0

Q=Varlul=| . . . (1)
0 0 - Qg

o ERRAMT, MIAFRITUKRE A y;=Xf+ug, g=1,---,Go LLEFRH
AfETHERTT RS A:

G G
p-B=X'X)"1 ( Y ngug) =X'X) Y sg
g=1

g=1

Eq:'/'iXT Sg EXé-U»gO

CHEN Zeyu (School of Economics, RUC) re 2023-07-18 5/65



AARRAGMEEEEE LR £ 0]

KL

o ULBY, p I EA:

G
Y sg|X'X)7!

g=1

Var[f] = (X'X) Var

o EX Zg=Varlsgl=VarlX,u,l, fRIR Vg #g' HR Elsgs),1=0, NA:

G
Var[f]=(X'X)"! ( Y zg) X'x)™1 (2)
g=1

o BITREXZEMILELABIREFE A EZBIREM—RMAE, HHX (2)
Xt F &R BIRAF T ERRFFER.

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 6/65



AARRAGMEEEEE LR £ 0]

REER XL ER

o TEHWNRAZBEREMSSEMTAENER.
o MM, ¥ s, H—FFAH s, =X}u, =Zﬁg1Xgiugi Ezﬁglsgi, B[ PUERA

Ng ! Né’ Ng
S¢Sy (Zthugz) (ZXgiugi) = Z nglsg]
i=1 i=1j=1
o TR, A
Ng Ng
Zg=Elsgs, ]—lezg,u
i=1j

ﬁqJ/EXT ZglJ—E[SgLs ]°

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18

7/65



AARRAGMEEEEE LR £ 0]

REER XL ER

o FIEMRFIIUR—FFN:

Ng
Zg= E[sgs ]—ZzgquZZzgu (3)

i=1j#i
o ERAEMET, FEELARNMX, B Vi£), B Z,;,=0, B4 FEES
R (3) P&E—IH 0.
o BEWAT, ARMARRIREREMXA (LLWARERNRETAF RS
RUARNTE), AERRENT, X 3) RE—EAREN. WRZ
BE Y BARLEM, BFH I, MAKMKA, AT FBREBAEREARKKA

CHEN Zeyu (School of Economics, RUC) uster-robust inference 2023-07-18 8/65



AARRAGMEEEEE LR £ 0]

= MR ERETER

o MRIERTHE, fiit RBA A EH:
G
Var{f] = (X'X)! ( > E[sgsjg]) XX HFsg = Xu,
g=1

o FEPRA s, RAMM, EHERETHERER u, H—BfEit. 1
AR F B E A 0%, BT LAS B R K2 B9 R RASRAT IR
o predicted residuals: §g —Xgug
o standardized residuals (transformed residuals): $ XgMggl/zAg
o leave-one-out residuals (jackknife residuals): § XgMgg

o M)i& §, =X, 0,4, 35| CRVE{(STATA F cluster() BIAER):

 Ge-D [ E g et
CRVEy: oo = (XX (ngsg)(XX)

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 9/65



AARRAGMEEEEE LR £ 0]

= MR ERETER

o M 3, =X, M }?i,, 35| CRVEy:

CRVE;: (X'X)7 ! (Z Sg8 )(X’X)_

o ME sy =X ggug, 23| CRVE3(STATA 474 : summclust; BFE option F
A vce(jackknife, cluster()), %A A reghdfe AT HME
areg PAF; AT AEEJAG SR L jackknife:, E AR reghdfe
F areg ¥IEM):

CRVE;: G-

G
L)t ( > s:gs'jg) x'x)"
g=1

o AR/ NMIBERT, EMmEI{EM CRVE, 3 CRVE;, AABREX u, AE
HET AR E—M, MAE Timi. CRVE; 28 IEEERAM, FAMEA
fRF—Lk,

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 10/65



RARKEMNE R WSR3

Eh5a

Q EARELEMMETHER

o BALM 5 RHKER
Q —“ESHAE

© AR AT R R ARG T

Q £/ BBEARER #HAT R AR T

© 44 (I K AR 40 SH R

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 11/65



BARRREMHEFHE W ES AP S

RARGEM G R AREIR

@ "Using large samples in econometrics" (MacKinnon, 2023, JoE)
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@ "How Much Should We Trust Differences-In-Differences Estimates?"
(Bertrand et al., 2004, QJE)

o BITFFFIMXKIFLA, DID FiktifEd o s AL EIELK AR

o EEMETFSEZRFANEA, TFEAFREMIVERN RBIZAIELR RE
5% B9 REMKFE, —NESEAFERNIZAAEL 5% 8% R-FIHA.

o BMMEXRMERIRG, MM x W BEXNRARE, RERRENRAE
%O

o &t M DID AAKEE, EVERXIEZ AR IMIBER.

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 13 /65



RARGEM G R AREIR

@ "Inference with Large Clustered Datasets" (MacKinnon, 2017, L'Actualité
économique)
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@ "Inference with Large Clustered Datasets" (MacKinnon, 2017, L'Actualité
économique)
o A0 Bertrand et al. (2004) BIUE—#E, MERZRFIER, G REMELIEH
MEEE, ATE RLIRAR LSRRI R0,
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@ "Inference with Large Clustered Datasets" (MacKinnon, 2017, L'Actualité
économique)
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"Inference with Large Clustered Datasets" (MacKinnon, 2017, L'Actualité
économique)

wide-cluster bootstra aE:
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° R AHIAR—R Cameron
and Miller 2015) ﬁu%%k%%?é&zﬂ?%ﬁ%mwﬁ, EABUER BB
BMREXBERD XERLZ B EFHRKIE, ZX’F‘PM/%#T#%

@ "A Practitioner's Guide to Cluster-Robust Inference" (Cameron and Miller,
2015, Journal of Human Resources)

o "It is possible for cluster-robust errors to actually be smaller than default
standard errors."

@ In some rare cases errors may be negatively correlated, most likely when G =2.
o If clustering has a modest effect so cluster-robust and default standard errors
are similar in expectation, then cluster-robust may be smaller due to noise.

o "In cases where the cluster-robust standard errors are smaller, they are usually
not much smaller than the default, whereas in other applications they can be
much, much larger."

e "There is no general solution to this tradeoff, and there is no formal test of the
level at which to cluster. The consensus is to be conservative and avoid bias

and to use bigger and more aggregate clusters when possible, up to and
including the point at which there is concern about having too few clusters."
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@ "The Power of the Street: Evidence from Egypt's Arab Spring" (Acemoglu et
al., 2018, RFS)

o "All standard errors we report throughout are robust to heteroscedasticity. In
addition, because there might be other factors correlated across connected
firms, we report adjusted standard errors and portfolio-based results that
account for potential cross-firm correlation of residual returns in the appendix.
These robustness checks consistently show that residual returns are negatively
correlated with the group of politically connected firms, such that adjusted
standard errors tend to be narrower than unadjusted standard errors. To be
conservative, we therefore report the wider (robust) standard errors in the
main text."

e "In column 4, we adjust standard errors for the cross-correlation of error terms
estimated in 2010 data, with very similar results and somewhat smaller
standard errors, reflecting the (aforementioned) fact that the residual
correlation between connected firms is negative."
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Table 2
Mubarak’s fall
[S)) 2 3) [C) [©) 6) (@)
CR[0,8] CAR[0,8]
NDP —0.086% —0.131*%* —0.142** —0.131** —0.142%* —0.200%** —0.145%*
0.049)  (0.049)  (0.059) (0.046)  (0.054) [—0.099,0.101]  (0.056)
Military 0.048* 0.032 0.075**  0.032 0.035 0.053 0.051
0.028)  (0.030) (0.021) (0.026) (0.033) [—0.066,0.082]  (0.035)
Islamic —0.031 —0.064 —0.058 —0.064 —0.090 —0.159%#* —0.125*%
(0.054)  (0.051)  (0.063)  (0.041) (0.058) [—0.107,0.130]  (0.066)
pWorld 0.037*%  0.023  0.037  0.050** 0.132%*
(0.016)  (0.023)  (0.023) (0.013) (0.046)
pEgypt —0.028 —0.021 —0.028  —0.093**
(0.018)  (0.025)  (0.023)  (0.030)
pUnrest 2.134%  0.897 2.134 1.812 11.219%*
(1.182)  (1.337) (2.253) (2.039) (4.632)
Size 0.024**  0.022**  0.024** 0.016* 0.014
0.007)  (0.007)  (0.007)  (0.009) (0.009)
Leverage —0.024 —0.003 —0.024* —0.028 0.017
0.017)  (0.019) (0.014) (0.022) (0.027)
R? 0.252 0.320 0.138 0.320 0.387 0.451
N 145 143 143 143 136 143
Sector fixed effects yes yes no yes yes no yes
Adjusted standard errors no no no yes no no no
Weights no no no no yes no no
Matching estimator no no no no no yes no
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® Mostly harmless econometrics: An empiricist’s companion (Angrist and
Pischke, 2008)

o TEBERELREF Ei%@ﬁﬁﬁ%ﬂééﬁﬂﬁiﬁﬁ%B‘H%EE'JZ‘Z/I\%%H’:E'J S
o “RBAVERIIERAWE, E/MNEENERT, CTHEL L BARERE /N
KATEETRF A PERRIRAR T KT £, Bk, YRERER/)D ?
EGAERE, RIPAANCRERM AL R TR EERBAERES. ReTH
zeliliﬂﬁft%ﬁﬁm’i%‘/xﬁ%}’é@ IR, A< HIRRIRER D TERAR
IR
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@ "Testing for the appropriate level of clustering in linear regression models"
(MacKinnon et al., 2023, JoE)

o BRORA: mRET PREMNEXAERREMMN, MAPREIERFAR
RIFERMIZERS, BIR (4) FSEL%ET 0.

V _ G M M G M, =15y, NAY R
o BX Ze=¥y 1%, 8 L Zenin, M Tp=X0 ¥, 5 T MURBIRA:

. : -1_ i . -1
Ho: I\}Enmzfic =1 and Hi: A}gnoozfzc £1
it @ S S, VarlS] Ao VarlS,], REME RIS &

ERBIRT, 10=0/\/Var®) < N0, 1), £%8 = vech(Sc ~5)

o STATA €74 mnwsvt
T#MIL: http://qed.econ.queensu.ca/pub/faculty/mackinnon/svtest,
¥ mnwsvt.ado XHFAEMER| STATA REFEB R ./ado/plus/m XHEH, A
JE1E mnwsvt-readme.txt XL MK mowsvt.hlp HARBIZXFRF (EK
help X#%)o
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@ "Testing for the appropriate level of clustering in linear regression models"
(MacKinnon et al., 2023, JoE)

o BEWAMZ, MG /AL ERAMIASIE, AHTREFETEES,
teande, MRAKMRREMBARRE, MARKRREBNIRERGHPRE
BRo R LRI, BT 68 H IR AEIELL R BUR TR R ME A /DR XM 1B ILo

o IRAREET, EMIAAKRAGHREELHLERNTRN, EIETFHAR
B R 5 LA RTER R IZ AT ER & RO 1o SR ENDA X AM, BLTRESFH
TR,

° F)'TLA, 32 T‘HJFALH/%"’F'J:

o E O mavevt BN 'A"'x‘l;e'"4‘#"511&%"'m""&"'a”‘aﬁtmm;eém&s RARJE
KBRS, TILHS TR | RELAHE (resed) ERIHA
B, MELERNERER, oA

CHEN Zeyu (School of Economics, RUC) Cluster-robust inference 2023-07-18 30/65



el AR T AR BIAR KRR

ZRFIG T

o HIEIRE| M ZRFLIE L E—MIEIF R, BNAAE S MALAE R ZRFIH
K, REEXE—BEMWKF THA ZRAEARSATH TR, &K
BRI P REIRAIEL R, HTIREN BEMEKFRITIER.

o ZRAKEKMZOBBET: B FAETERANMNERN, ELRE
PRBREER TN, WRENASMZRAEANBIREIIZE 5% K
BEMERF, MAEREZRAEAT, ERBARERERAIEL 5% 8%
RFIFEAR B F X RA IR E MR ZTN 7 £ SEMBEMSHIR
®, EZAERAZH A Z B H AR K H 0.

o MPLRA LN STATA 74, EEFF £ B O 5 RA K IURBILAZ I 1 E A,
SEYA R P AT DID REFRLARELENT,

W: http://ciejournal.ajcass.org/Magazine/show/?id=69658, HIF
“THEMH", BF dofile F 287-322 1To
o A E—TUHRBIMEI A E—4, ZRAIE MR — IS, XA HTHK

SRR A WS - FEWENGRT, HRIFTZETE - LWL
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o IF—EEE, DID FRENM
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B DID fhit R AMNAEN Z KRR L

o WA DID P RRAFIMIGHLER?

@ "Salience and Taxation: Theory and Evidence" (Chetty et al., 2009, AER)

e "A concern in DD analysis is that serial correlation can bias standard errors,
leading to over-rejection of the null hypothesis of no effect. To address this
concern, we implement a nonparametric permutation test for § =0."

o "Intuitively, if the experiment had a significant effect on demand, we would
expect the estimated coefficient to be in the lower tail of estimated placebo
effects. Since this test does not make parametric assumptions about the error
structure, it does not suffer from the over-rejection bias of the t-test."

o "Figure 1 illustrates the results of the permutation test by plotting the
empirical distribution of placebo effects G for log quantity. The vertical line in
the figure denotes the treatment effect reported in Table 4. For log quantity,
G(6)=0.07. An analogous test for log revenue yields G(6) = 0.04. Although
these p-values are larger than those obtained using the t-tests, they confirm
that the intervention led to an unusually low level of demand."

ﬁ&tfifﬂﬂ’] KNI 7 &EFE Elél’mE*fm‘l'
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RiaFR
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o FHIEE, ANMBAXHRNRNEE—FNAEANRI TP, ES NI TRLENST
HP AT RER N AN X FlUEREIES, MRTTRENEREBFESR
MK, [l B X AER 8 & B A A N AE X

o MRBIBHEMMEEMNRREN: BEX AREEB, 7518 G HNE
X, ATHR g M h RET, NG AR AT K

Ygh = XgnB+ugh, g=1,---,G, h=1,--- H

ﬁ'ﬁPTﬁ gh 1&%[75]‘/%-'?% g 4‘%3‘% A %U% h NE%E B BIREA,

< B B’J%%‘S *’Jfﬁilﬁi’fxﬂ BTIEHEH }HB’]ﬁ-Zliﬂ'ﬁ—EmilﬁB’]ﬁ
KE (ML FARR Xg, BIREARRZMZIABXE); AT, WE L RF—
Nfﬂﬁ@*iﬂiiﬁﬁﬁﬁilﬁ%*ﬁ%ﬁ, ] — M SRR AR I 77 2 IR 2 TR A AR K
(B FARRE X, BREARNATREFAIR Z AR ME).
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RiaFR
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o ERMEXRLEMT, REAETHEMN T ZTUF KR!

Var[f]=(X'X)Var |} s 5 | (X'X)7!
g,h
:(XIX)—I( Y E[sghs:g,h,])(X'X)q
g’h,g!,h!

KA, sgn =X ugn, AA g#g B h#h B, A A Elsgrsgn]=0
o SRTEAM, EX Iy =Elsgsyl, Zh =Elsps} 1, Zgp = Elsgns,l, T AIEH:

S Elspus = G s H . G H s
ghSgnl =2 Zg+ ) =3 ) Zen
g,h.g',h' g=1 h=1 g=1h=1
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o FARERBM sy sy M sg, PHIRETL, HBATEBENREE, PR3 HF
RAETE 5, 8 M0 8y, M URE R B ITHEA ZHfHITE:

. G H G H
Var[fl=(X'X)""| Y 848, Z§ 8 Z Z Sgndly, |(X'X)7
g=1 h=1 g=1h=1

o STATA %74 : £ option FFHFMM cluster (BHE A, BH B), X—HUrExtF
reghdfe A1 ivreg2 ¥i&EH.
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i RA AR AT R AT W Sy R s

A IR

o AIE MR, EAMRALRSM EE R, ZRAI LMY AR BAEKHN
FRe T ERMNFE X FHRRCHE R, BT E A AL T #it s ae

% 58 47 LA 2o
o KIS —MRIRE, HRMBIRA Ho: o'f=d'fo MIEM t LT EA:

o= a'(B— o)

¢ Va'Va

Heh V MR ARG =W A ZEMENMEITHE, TUARAEIRZIA CRVE;.
CRVE, #1 CRVE3.
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i RA AR AT R AT W Sy R s

B 3R ARSI B AR

e Econometrics (Hansen, 2022, Section 4.22)

o "In many respects cluster-robust inference should be viewed similarly to
heteroskedaticity-robust inference where a 'cluster’ in the cluster-robust case is
interpreted similarly to an 'observation’ in the heteroskedasticity-robust case."

e "In particular, the effective sample size should be viewed as the number of
clusters, not the 'sample size' n. This is because the cluster-robust covariance
matrix estimator effectively treats each cluster as a single observation and
estimates the covariance matrix based on the variation across cluster means."

o HATT UK R RIALIEIERTIEM AT S
o B—%, MAEFNREAIMAITE score vector sg =Xgug B Eh A £5E
FE S0
° %—_—%‘, BENBEMARER, N BRANBERRELANKE, WHMAE
MMM Z R A Z54HM, 0 (1) A
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i RA AR AT R AT W Sy R s

B 3R ARSI B AR

o HAIEMTREML MR, KB T A EES P ORBREEAES LIEHRE. AL
—RHRIN TS HE, NEXRK:

o B, REABEMRIL, 18 xO_| 545, SOBRMEUST T £ 7 256
T8 T (ARFERABRERK).

o XK, REFOHMREERL, HANE L0 s EBRAHURTF BT

X, BT AER Zgzlig(ttﬁgiééiﬁig)o

o ERXLMT, SAHAERFIRMHEARE n—oo i, ZFHAEXR?
o BEX I RIFRAPHAERT, LREHE G ETFELF K (large number of
clusters)o
o BN 2: RERXHELE, FN N REXPHHARE N, BTFEFK (small
number of large clusters)o
o EW b, MARZ M FAMEE PIRE, P ORREENABEEEFR
R RE B AT IEIE o B, BM— TR RSIANRZTUER AR
PMFREFREFZ TG MBRAEARE £EX 1 T, HHIRILHEE IFiR
Sy MAESX 2 T, el FRREERD M FBEERIER.
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A IR0 AR S B S

o FIMEMR LREFIMEIZ, LRMANRAME, PORREEERLEER
REEPDHARERT (ERRMR, s, ZMEFEDBHERT) REGBELF
HIRIEIER

o L, IUGRMN=AFEHNETF:

o B—, REAMBBEXNFHORMEENUREATE, ARARLSMT, &
IR R AR, Y EACEENHE.

o B, EARKAT, REMNKBAZHBELHRENHE—EER, RRMA
MERLORE T AR UR HS, FRA_1BENRANE G bt

Bz, £ {31 T T ek R
E£E4), BEH EEH ) AR L,
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RERRHEH

o BELRXEA M MEK, SERMBIETA: VGB- o) > NO,GV)e

o AMBMASP, BNMNBEMHEAKNRE, EARENEFRELLNE s,
B EFARE, MBS0 PR RREEBAR RAEAR P AR, thin, R A —
A%%’éﬂ’ﬂ’]ﬁ-$ttﬁﬂﬂ%%’é%ﬁ§ﬁ% ARACT REE RN R PR K,

REME—FKPORREIER AR D RIZIR
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i A1 KBREMER

o "Asymptotic theory and wild bootstrap inference with clustered errors"
(Djogbenou et al., 2019, JoE)

o H—H¥MMAE—NTREPHE, RABENEMRTME T T EIEL.

Rej.
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rate

Ny = 05N
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Ny oc NOS -
Ny o N©
Jvl o N().«

(a) CRVE t-tests
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RERRHEH

@ "Fast and reliable jackknife and bootstrap methods for cluster-robust
inference" (MacKinnon et al., 2023, Journal of Applied Econometrics)

o MBRBMER, y HETRXRAHABNER. & y=0 B, FREZEREHS
M Y y=2 8, EREAEREMN 130 HIEE 899,

o MBI CRVE; #0 CRVE,, CRVE; A B X B A E RRANHZRERIAEL,
EEiE CRVE3 BifE5 X DE A X GO

o "However, as we shall see, there are also many cases in which CV3 overrejects,
and CV3 therefore overrejects slightly more. In practice, it would be perfectly
reasonable to report either CV3 or CV3,."

Rej. Freq.  (a) N(0, 1) Regressor, #(23) Distribution Rej. Freq.  (b) x2(1) Regressor, £(23) Distribution
0.20~ 0.20{
v Vv,
0.15-] i 0.154
0.10- ‘// 0.10 Vs
0.07 0.07
W, CV.
(LS — N 0.05 31
0.04- CV; 0.04 CV;
T T T T T T T T — 7 T T T T T T T T — 7
00 05 1.0 15 20 25 30 35 40 00 05 1.0 15 20 25 30 35 40
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RERRHEH

o LFE,AMEAAEBMER, RAZVAFRMBERSSERERNIHATEIR
PENNEIES:
° &tijﬂ_ﬁﬁ[%%j&g"(LAE slldes HELRERESRT);
PBE RN RR), SBHEMNEITERGBEZEARK,

o HIL, ikfl]%%ﬁ Mﬁiﬂé#ﬂl’fﬁiiﬂ’]ﬂﬁﬂﬂﬁ, HEHRPLRESER
EATATER E X
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RRZWA SAATE

o BENEBE—FHARNTMA KB, WR—NRREFGREBNNRE, R4
HEMERPR LG, F2X BB B ITHE~ERRAZW. FRXE ¢
MBEAR B K42 5 T8 R BR A THE:

B =X'X-X,X) "Xy -X}5g)

o BARMEEEXMITAE. RIE, ITEME P, =X X' X)X WE
AT B E T B MERNATIFE, BRELHETFE—R% ¢ WEX
BT R, MTTAREX ¢ WALHE, RENTR H, = X,X'X) X
B, B2 B R RATATE R RAR A

Lg=tr(Hg) = tr[ X, Xo(X'X)™"]

B BT LUE A AR REATAHE SRR, URAF—FREERAK
REKER = ERBHEZ WA .

o FIMIRARTASIATER, " LULBRAAIES FHE. HiE:

1 (ZL g) — X XX) X = XX (XX =
G\ G
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RRZWA SAATE

o HEARHIRF, HRANBERROE—NAL, ETUER FWL €EITH
AT E j MERRILATE:

Al
AN

L, =
Sy
J

R RRUZE j FARMREENEEAKRE.

o FMOURAIME STATA v AE T B B RALTERRALITE, EE A LA
HEAERE#E, KA1H Matlab. Python 3K STATA Mata % B CHEMAT
To
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fERHHATER AT R R N WP L ¢ RS SN

B #E R R KBE

o HIAE X 1 FREMBANTFRESFHMNRIRES X 2 PRHERFE,

o BB, ZEX 2 ¥, REPE VR SFEIAERNBREARWEN 1, B
BB L AEIER S IR, XA BRI AR S AL T & X 2 I
HE B )AL

@ "Inference with dependent data using cluster covariance estimators" (Bester
et al., 2011, JoE)

o IEBAT & X 2 THi# I A iR, (B4 MR ERBAIMRIZL:
o "... all the clusters are assumed to be the same size M."

"... it limits the amount of dependence within each cluster and requires it to

°
diminish quite rapidly as M — co."(X—&RIZE AL RIE, )
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58 A AR SAT IR HAT R XA HERT: R45

o X—TiiT it B9 RAE F ATt i) BB RAT AR B, Bt IR0 B E LUK SL B JE) RE
o MRIEAZR, B REAMER : HRATIRIE A2 IO HEM h R B AETHE p AR
THHB A, NEERARERE AT X —#H R £, &G HATHRE
AR, A—LAFRT, FHIRILER R P R RLT, ER Bt
B A EN 5 HA A R, BT RAE A LAt 0 Rk #HATH
BTFE & R
o BAYHE ¢ RY. BRMBEFHRK - REME P H I L EFREAR
IR
o AT, RAVRARE —MFIEXHBEIRSAH G. B PAREFRMEMEE
LA IR R L. BIERE AABXS R F A CRVE3, KA T RET IR,
o WMRH A ERMNARMIHEN AL A EHERTHITE (MAREH
#HN), RAKEE EFOARERMER

@ "Instead of basing inference on an asymptotic approximation to the
distribution of a statistic of interest, it is often more reliable to base it on a
bootstrap approximation. [...] We therefore recommend that at least one
variant of the WCR bootstrap be used almost all the time."
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15/ B AR ST R AR RS- ES

BBIER E R IR

o BIRHRNMBEMAEKLLYITE + 3HATIEY, RN UAREIEHEA P AL,
£ B NaEHEKRITEE B 4 bootstrap Kt = 1;(b=1,---,B), ATIfF
3| 1 NZRBNF, AN HELER 1 WEZHFHRIFAMN.

o B, B BUM K MEMA A T i a &M, (B ENEEY S BxN RIE
teo IR ARELOHERBEIKK, 4 B B 9,999 3% 99,999 BPH.

o FIRZZENA, BRATTLIMIEEY bootstrap B p UK R EREX4],
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RERBBE

o YYIEEARRAEMMEHE, MEREERNIHELAE LR RLEM, Bt
RARLEM T BB BNEFRA cluster bootstrap. block bootstrap 3K resampling
by clustero

o —ULfF F BT Ay AR :

o MERAE—REMAMAMEL, FRLBIEBINEEN A THAERRHN
AR, EEREfE A BB, RIMRATEXRCRRNTWAFALTE, R
ENTEEZZAMEFRNER SR,

o HENFAEAMATHIHEERK, SEUTENBEMRK, TU@EST—RMHES
KRV EAFIE], £ STATA P LUERA boottest 674 REIMERAITTE.

EEEE, BEER )i; kY] BBk, AEFH A ATTVA,

BRJE 465 X B Bk (wild-cluster bootstrap)o
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Eh5a

Q EARELEMMETHER
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o FIEE X BBIE (wild-cluster bootstrap)
© 4 (AR A AR IR 40 SRR
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(R S SN S RAGTE K B BE (wild-cluster bootstrap)

JRAETR K B Bhik

o wild-cluster bootstrap — & F & E 8, resampling 7 7%, HIEERIEHEAR
PRI FAEAR, TR B I R R AR AR B3R E R AME K EHTAE AR,

o AARKMRIE R BBNE (restricted wild-cluster bootstrap, WCR): fRIZFE
AREMH a'f=a'Bo T, Constrained Least Squares (CLS) 32|89 & #fd1t
ER B, WHEARMKRER i,=y, - X f> T/, bootstrap HAR b BIEIE
AEREAREA:

yg —Xg/i+ug,-H-‘F *b * *TE. *blld(Ol)

BEIRE v;b % & Rademacher 7%, 108 B Mammen - S H A,

o TARMRBRLBE (unrestricted wild-cluster bootstrap, WCU): p i
WCR BEREML, RAZH OLS &R CLS, KBFRALLERNEE 0 BR

BARNKE o
o Hit: BT v’ RMIZFINSMAH, EHlX—HHEARE DGP fRIET HE R R
A AN,
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GRS SRRl S AR K B BE (wild-cluster bootstrap)

JRAETR K B Bhik

@ "Asymptotic theory and wild bootstrap inference with clustered errors"
(Djogbenou et al., 2019, JoE)

o EAMAEARP, WCR Lk WCU BIRIAE L.

o ERrL, EMTURERKNBER EMERAR, MERERHBER EMBEFIER,
SLET BEARR n MENEE u;-“b HEBMEARN (AR /RAR) REMFE,
XMHUERRRIE Y ABIRHEX, MERIET HRNBARERX. WRERFLAR
B®RE, MARAELARKELE BB (restricted wild bootstrap, WR); 2021 H
KL RIRE , MARATLIRERYE B BIE (unrestricted wild bootstrap, WU).

o REHBERT, WR BHIRILAW WCR; TMEAEREART, WR B+ EH AISR

Ko
o STATA 74 boottest( LRMPTH R BBIE (WCR. WCU. WR #1 WU)
ERET LASZHL)o
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RN R S e B S S RAGE K B BE (wild-cluster bootstrap)
b2 2 6 B
/I #n 2 H

@ "Asymptotic theory and wild bootstrap inference with clustered errors"
(Djogbenou et al., 2019, JoE)
o MEE p, MEKMK (ﬁﬁ%%’él’\]*¥$lﬁilﬁ$ﬁi AR K), BARBAVER
(B t(24)) BT EIELMRM™E, MAEEMELBBIES, WCR KRR
.

o BMIMBIURERBRMERKEN DTN, ZB P y=0 1%k 25 PREPHER
28R 100, EEF y=2 Kk 25 MEEMNHEREMN 32 BIBE 234, LLRE
FHRKE, MNEAERADIFRAINERT, TEELLSEMTE,

Rej. rate Rej. rate
0.12 0.12
0.11 4 0.11 4
010 7 WCR- 0.10 |
0.09 0.09
0.08 0.08
0.07+ 0.074
0.06 0.06
0.05 0.05 =
0.04 0.04
0.03 0.03
0.02 0.02
0.01 0.014
0.00

T T T T T T T T T T Pz 0.00 - T T T T T T T T T P
0.0 01 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 10
(a)y=0 (b)y=2
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(R S SN S RAGTE K B BE (wild-cluster bootstrap)

fEFH WCR B EEEI

@ "We recommend using at least one variant of the WCR bootstrap (preferably
with at least B =9,999) almost all the time."

o WCR iR HeM, SABANEXBERVMNE (HERF—E
4AE), WCR AL THIEERT i 1778, 3EHEEEAF T 0). 30

WER KN R WCR 1528 p BEAM+0rIEE, FTAEIBRMER WR F k.

o UM ARMLMRZAEIREIHE X 2(small number of large clusters) BB} &,
WCR-R 77 A BY L BES ZUE B 8 3ERT, (B R LEXT! ("The wild bootstrap
with a 'small’ number of 'large’ clusters", Canay et al., 2021, REStat)

o R G R/, ARAXTF Rademacher 77 XA B i, BB RIFTA o] e
HRA 2G t, THELL resample B E B T E /|, eI A BB A AL
HUET . Bt R G R, FTAZIRE A EMA M (boottest AT F AL
FHERR D)o
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ZWHERE NIZICIRT A7

QO BRTYLIRAFRBEFEHN CRVE), EVENIZLIR 1-2 FAEHAER MARE
R: LRk CRVE; ARFE—F# WCR BBk,

Q@ TLWRTEIFLINMRENN, ARREMT, EHMHELEAMIRE, AR
MR, TR T ICIREARE n, BEEENRLCIREELEE G.

Q HAHREARABRMWERFUERREP ORREBEHRNEREZ —. Hik, &
YLk n #0 G, TRIZBLREREEABEN P RDMEMRKKE;
R A IE, RIFIEHERE n, W7HEE kK.

QO ATEWMZERRNR TN, ERZTCHRENMREMNAITE L, BXE
B R BEIRATATE L, WUR Y WRREHE G B, RATULH
SCIRMB SR R G LB ARBIE, TAE N B

QO MRAFEANENMER (EEESHNELE), MANZTRENBELXRAER
ENAE. RALAESL leave-one-out 2%, FIABNERZEVEHE=Z4H)
fio
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R4 ERARRRMEENTIREN B SIS EES S ]

KR

Q FHBEZRHMAZA, RIEFLBUERATITNREREEI T, RBBARE
B E R BRAEN X—HITE AR TIEIR, RITAAZIER DGP
RA A, ANEXREAFEN. B TMER—FRFE A%, B
SR AR R BE A B R ERPAVER BRI, FRHFHU—EER
KIeF AXHF (Pbiim MNW ik fn 2 RFIE LS, BRI SICERFHITHRE
BRAREHERTRESRIEIELN). XF DID A%, EVERRIE
ZIBHER.

0 EREREBRUE, EARPLRELNEE G UREREMAKRE n,
B g B MERRAME; TTAKIE, BEEN n, B2

QO MFHMRERMFHUERZE, CIRE R LA, WAL E AR 0 /7 89
BB, X—AXT DID AAREHMMAITLIEMNERRIMIEEEE.
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KR

Q MR T CRVE;, FENIZfEA CRVE; fit—#h WCR BBIiE. BB LR
ZHERT, CABRIMNEREFEREN; BERURBEKDRERLNE
EFAAMEBARNREERNERERRA, MAKRTLIRER=F,
RIFHE L 2R EMARNFREIR,

O MTEREXEBEHZLEMRE KR, WRLEASNBANHERD K
AR, BMERA CRVE; & WCR (AT BEAF A B o S a9 38T, o] IAE S A%
FAREAUILIERT (randomization inference, RI) 777% (BD slides %£31-33T &Y
ZRFIE L)
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