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Supplementary Methods

1 Testing common trend assumption: Two-way fixed effect estimator
To acquire reliable estimates from difference-in-difference analysis, the data need to meet the assumption of parallel trend, meaning that the outcome of interest should move in parallel trend in all units, absence of intervention. The test is implemented with an event study design, by adding terms of pre-intervention periods to the basic two-way fixed-effect model as placebo tests. If the parallel trend assumption is satisfied, there should be no significant difference between the outcomes in treatment and control groups, so that the coefficients for pre-intervention variables should be statistically insignificant. The testing model is specified as follows
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where xi,c,t,t+b (b  5) denotes the change in the status of intervention i in county c from day t to day t+b and the same applies to xi,c,t+b,t+5. Correspondingly, i,b,pre denotes the estimate of pre-trend b days before a change, which is the coefficient of concern; i,b,pre’ is to control for the period b to 5 days before a change (if b=5, then the estimate is NA), so that all analyses use the period more than 5 days before a change as the reference. We test the pre-trend in 1 to 5 days before an intervention, since interventions tend to be quick decisions. The rest of the notations are the same as in Eq. 8. 

We estimate i,b,pre for all intervention i and for bÎ{1, 2, 3, 4, 5}. The estimates of i,b,pre are shown in Table S3. The pre-trends of all the interventions are statistically insignificant in most of the pre-periods, suggesting that the epidemic courses in control and treatment groups generally moved in parallel and the intervention effect estimates in the main texts are reliable.

2 Testing common trend assumption: Robust estimator
For the robust estimator, the common trend assumption is also examined through placebo tests that estimate the impact of being k days before an intervention change. This is implemented by modifying Eq. 9-11 as follows.
	  
[image: D I D 的 p l 次方 下標 i 逗號 k 結束下標 等於 加總 從 t 等於 2 加 k 到 T 對 加總 從 左小括號 d 逗號 d 撇号 右小括號 属于 D 平方 逗號 d 不等于 d 撇号 對 分數 加總 從 左小括號 c 逗號 t 右小括號 冒號 t 大於等於 2 加 k 對 左 絕對值 D 下標 i 逗號 c 逗號 t 結束下標 減 D 下標 i 逗號 c 逗號 t 減 1 結束下標 右 絕對值 分之 N 下標 i 逗號 d 逗號 d 撇号 逗號 t 逗號 k 結束下標 結束分數 D I D 的 p l 次方 下標 i 逗號 d 逗號 d 撇号 逗號 t 逗號 k 結束下標]  (14)
	  
[image: D I D 的 p l 次方 下標 i 逗號 d 逗號 d 的 撇号 次方 逗號 t 逗號 k 結束下標 等於 左中括號 1 左大括號 d 的 撇号 次方 大於 d 右大括號 減 1 左大括號 d 大於 d 的 撇号 次方 右大括號 右中括號 左中括號 加總 從 左小括號 c 逗號 t 逗號 k 右小括號 冒號 D 下標 i 逗號 c 逗號 t 減 k 結束下標 等於... 等於 D 下標 i 逗號 c 逗號 t 減 1 結束下標 等於 d 逗號 空格 D 下標 i 逗號 c 逗號 t 結束下標 等於 d 撇号 逗號 t 大於等於 k 加 1 對 分數 N 下標 i 逗號 d 逗號 d 的 撇号 次方 逗號 t 逗號 k 結束下標 分之 e 下標 i 逗號 c 逗號 t 逗號 k 結束下標 減 加總 從 左小括號 c 逗號 t 逗號 k 右小括號 冒號 D 下標 i 逗號 c 逗號 t 減 k 結束下標 等於... 等於 D 下標 i 逗號 c 逗號 t 減 1 結束下標 等於 D 下標 i 逗號 c 逗號 t 結束下標 等於 d 逗號 t 大於等於 k 加 1 對 分數 N 下標 i 逗號 d 逗號 d 逗號 t 逗號 k 結束下標 分之 e 下標 i 逗號 c 逗號 t 逗號 k 結束下標 右中括號]  (15)

	[image: log 左小括號 R 下標 c 逗號 t 減 1 結束下標 右小括號 減 log 左小括號 R 下標 c 逗號 t 減 k 結束下標 右小括號 等於 左小括號 bold italic X 的 粗體字 撇号 次方 下標 粗體字 i 粗體字 逗號 粗體字 c 粗體字 逗號 粗體字 t 粗體字 減 粗體字 1 結束下標 減 bold italic X 的 粗體字 撇号 次方 下標 粗體字 i 粗體字 逗號 粗體字 c 粗體字 逗號 粗體字 t 粗體字 減 bold italic k 結束下標 右小括號 bold italic gamma （ 小写 ） 加 b 加 e 下標 i 逗號 c 逗號 t 逗號 k 結束下標]  (16)

We conduct the test for all intervention i and for kÎ{1, 2, 3, 4, 5}. The estimates of DIDpli,k are shown in Table S4. All estimates are statistically insignificant, suggesting that the intervention effect estimates in the main texts should be reliable.



	Study
	Method
	Sample
	Result (with 95% CI)

	Banholzer et al., 202116
	Bayesian model

	
	

	Bo et al., 202120
	Linear mixed regression
	235 cities from 10 countries and 180 countries, January 23 to April 13 2020
	Reduction in Rt:
Wearing mask 15% (9-22%)
Quarantine 11% (9-14%)
Social distancing 43% (42-44%)
Traffic restriction 9% (7-11%)

	Brauner et al., 20202
	Bayesian model
	41 countries, January to May 2020
	Reduction in Rt:
Gatherings limited to 1000 people or less 23% (0-40%)
Gatherings limited to 100 people or less 34% (12-52%) 
Gatherings limited to 10 people or less 42% (17-60%)
Closing some businesses 18% (−8-40%)
Closing most businesses 27% (−3-49%)
Closing schools and universities 38% (16-54%)
Issuing stay-at-home orders 13% (−5-31%)

	Chaudhry et al., 202021
	Negative binomial regression
	
	

	Cho, 202013
	Synthetic control
	
	

	Courtemanche et al., 2020 11
	Difference-in-Difference (event study)
	
	

	Dave et al., 202110
	Difference-in-Difference
	
	

	Dreher et al., 202122
	Linear and logistic regression
	
	

	Esra et al., 202017
	Bayesian model
	26 countries and 34 US states, up to May 2020
	Reduction in Rt:
Household confinement 23% (18-27%)  
Limits on gatherings 10% (1-18%)
School closures 12% (5-19%)
Mask policies 17% (6-28%)

	Flaxman et al., 20203
	Bayesian model
	11 European countries, up to May 2020
	Reduction in Rt:
Lockdown 81% (75-87%)
Public event bans, school closure
self-isolation and social distancing encouraged: numbers not given in text, but close to zero

	Fowler et al., 20208
	Difference-in-Difference
	
	

	Haug et al., 20205
	Case-control
LASSO regression
Random forests
Transformers 

	226 countries, March-April 2020
	Reduction in Rt:
Banning small gatherings 0.22-0.35
Banning mass gatherings 0.13-0.33
Educational institution closure 0.15-0.21
Border restriction 0.057-0.23
Individual movement restriction 0.08-0.13
National lockdown 0.008-0.14

	Hsiang et al., 20204
	Two-way fixed effect model
	
	

	Islam et al., 202014
	Interrupted time series analysis 
	
	

	Koh, Naing & Wong, 202023
	Linear regression
	142 countries, two weeks following the 100th reported case
	Reduction in Rt:
Border closure 24% (−1-50%)
Stay-at-home recommendation 45% (7-82%)
Partial lockdown 38% (4-72%)
Complete lockdown 32% (9-55%)

	Leffler, et al., 202024
	Linear regression
	
	

	Olney et al., 202118
	Bayesian model
	
	

	Piovani et al., 202125
	Negative binomial regression
	
	

	Pozo-Martin et al., 202126
	Mixed effect linear regression + Bayesian estimation
	
	

	Sharma et al., 202119
	Bayesian model
	114 regions in 7 European countries, August 2020 to January 2021
	Reduction in Rt:
Gastronomy closures 12% (8-17%)
Night club closures 12% (8-17%) 
Retail and contact service closures 12% (7-18%)
Leisure and entertainment venue closures 3% (−1-10%)
Banning all gatherings 26% (18-32%)
Educational institution closures 7% (4-10%)


	Siedner et al., 202037
	Mixed effect linear regression (similar to two-way fixed effect model)
	
	

	Singh et al., 20216
	Difference-in-difference
	
	

	Wibbens, Koo & McGahan, 202038
	Bayesian model
	
	


Table S1. Methodological summary of studies on COVID-19 intervention effect. Sample and results are provided if the study takes Rt as the outcome of interest, which are comparable to our analysis.


	Variable
	Model 1
	Model 2

	Stay-at-home order
	5.393***
(0.096)
	1.387***
(0.051)

	School closure
	-0.372**
(-2.993)
	-0.054
(0.116)

	Childcare closure
	1.192***
(0.123)
	2.845***
(0.086)

	Non-essential retail closure
	1.196***
(0.097)
	0.719***
(0.065)

	Small-size gathering ban
	0.821***
(0.053)
	-1.067***
(0.039)

	Large-size gathering ban
	1.946***
(0.091)
	2.503***
(0.062)

	Intercept
	6.836***
(0.096)
	1.816***
(0.194)

	Day
	No
	Yes

	N
	66037
	66037

	Adj. R2
	0.210
	0.647


* p<0.05, ** p<0.01, *** p<0.001
Table S2. Results of models on intervention status and residents’ mobility


	Intervention
	1 day
	2 days
	3 days
	4 days
	5 days

	Stay-at-home
	-0.029
(0.0191)
	-0.0265
(0.02)
	-0.0269
(0.0208)
	-0.024
(0.0216)
	-0.0212
(0.0224)

	School
	-0.0339
(0.0631)
	-0.0369
(0.0666)
	-0.0253
(0.0713)
	-0.00537
(0.0809)
	0.0125
(0.0917)

	Childcare
	-0.0637
(0.041)
	-0.085*
(0.0417)
	-0.0907*
(0.0438)
	-0.0823
(0.0465)
	-0.085
(0.0467)

	Retail
	-0.0148
(0.029)
	-0.0222
(0.0299)
	-0.0249
(0.0312)
	-0.0241
(0.0328)
	-0.0273
(0.0338)

	Small gathering
	-0.0517*
(0.0249)
	-0.0448
(0.0254)
	-0.0332
(0.0261)
	-0.0261
(0.0267)
	-0.021
(0.0267)

	Large gathering
	-0.0458
(0.0426)
	-0.0208
(0.0441)
	0.00747
(0.0467)
	0.0166
(0.049)
	0.0198
(0.0509)


* p<0.05, ** p<0.01, *** p<0.001
Table S3. Pre-trend test for the two-way fixed effect estimator


	Intervention
	1 day
	2 days
	3 days
	4 days
	5 days

	Stay-at-home
	-0.0103
(0.00734)
	0.0148
(0.0153)
	-0.00226
(0.0121)
	0.00863
(0.0169)
	0.00136
(0.0285)

	School
	-0.00648
(0.0242)
	-0.03
(0.0323)
	-0.0564
(0.0595)
	0.0149
(0.0804)
	0.0694
(0.113)

	Childcare
	0.0374
(0.0383)
	0.0513
(0.0539)
	-0.0153
(0.0438)
	-0.0371
(0.0484)
	0.0161
(0.0364)

	Retail
	0.0256
(0.0304)
	0.00314
(0.0253)
	0.00696
(0.0333)
	0.0179
(0.0311)
	0.0212
(0.0436)

	Small gathering
	-0.0144
(0.0241)
	-0.0278
(0.0234)
	-0.00071
(0.0269)
	-0.0196
(0.0183)
	-0.0353
(0.0206)

	Large gathering
	0.00662
(0.0483)
	-0.031
(0.0462)
	-0.00597
(0.0618)
	-0.0633
(0.0595)
	-0.0103
(0.0565)


* p<0.05, ** p<0.01, *** p<0.001
Table S4. Pre-trend test for the robust difference-in-difference estimator
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