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This paper

1. Quantitatively examines the transmission patterns of Coronavirus Disease 2019
(COVID-19) in China.

 How infections in the past generate new infections?
e Use variations in infections that are induced by changes in weather conditions to obtain causal estimates.

2. Consider both local and between city virus spreading.

3. The role of social and economic factors in mediating the virus spread

* Does real-time population flow data help explain between-city spread of the virus?
* The effects of public health measures in reducing infections



Preview of results

1. The spread of COVID-19 has been effectively contained by mid February,
especially for cities outside Hubei province.

2. Data on real-time population flows is valuable in explaining between city
transmissions of COVID-19, even after controlling for traditional measures of
geographic and economic proximity.

3. Suppressing local transmissions so that new hotspots of infections had not
emerged outside Hubei is crucial in forestalling large numbers of infections.

e The lockdown around Wuhan might have played an essential role.
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y¢; denotes the average number of new cases in city c, in the preceding 7-th
week from day t.

To measure the spread of the virus from Wuhan, we examine the mediating effect of
the number of people traveling from Wuhan.

The unobserved determinants of new infections are likely correlated over time, causing
correlations between the error term and the lagged dependent variables.

e e.g. clusters that generate large numbers of infections, residents’ and government's preparedness
We use instrumental variables for the lagged dependent variables. Adda (2016)

IVs include weekly averages of daily maximum temperature, precipitation, wind speed,
and the interaction between precipitation and wind speed, in the preceding third and
fourth weeks.



Timeline of key variables

observed ,
“— 2 week lag

day r, weather day s, weather

\ 4 ¥

day t, person y, confirmed new case

»

iday s, person X, confirmed new case
person X, contracts the virus

person y, contracts the virus

person X, becomes infectious

i time
i person y, admitted to hospital

' person vy, symptom onset

person y, becomes infectious

— incubation period

'
[
—_—
'
[

The primary assumption of the IVs is that weather conditions more than 2 weeks ago do not DIRECTLY affect the likelihood
that a person susceptible to the virus contracts the disease, conditional on weather conditions within two weeks.



Data

e Analytical sample: 304 prefecture-level cities in China

 Wuhan excluded from analysis because

* The epidemic patterns in Wuhan are significantly different from those in other cities.
e Some confirmed cases in Wuhan contracted the virus through exposure to Huanan Seafood Wholesale Market.

* |n other cities, infections arise from human to human transmissions.

e The health care system in Wuhan faced the challenge of unknown virus infections in early
January and became overwhelmed as # new cases increased exponentially from mid-January.

e May cause severe delay and measurement error issues in the number of cases reported in Wuhan.
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Data: Population flows from Wuhan, destination shares
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Main results

e One can contract the virus from interacting with people who are infected and live
in the same city or come from other cities.

e Severity of virus infections in other cities may influence the awareness of local
public health authorities and residents. The spread rate of the virus can be
reduced if more protective measures are taken.

 The lockdown in Wuhan on January 23 significantly reduced the population flow
from Wuhan to other cities. We use a measure of the size of population flow from
Wuhan to a destination city (constructed using the Migration Index of Baidu) and
examine its mediating effect on virus transmission.



Overall Roreduced from 2.992 (Jan 19 - Feb 1) to 1.243 (Feb 2 — Feb 29)
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Main results

To interpret the magnitude of the effect, notice that the reproduction number of SARS-CoV-2 is

estimated to be around 1.4 ~ 6.5 with median 2.79 as of January 28, 2020 (Liu et al., 2020).



Overall RO (excluding Hubei) reduced from 1.876 (Jan 19 - Feb 1)
to 0.614 (Feb 2 — Feb 29)
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excluding cities
in Hubei
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own city, 1 week lag own city, 2 week lag other cities (wgt.=inverse dist.), 1 week lag  other cities (wgt.=inverse dist.), 2 week lag
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8 Dec. First pneumonia case of unknown cause detected close to a seafood market in Wuhan

19 Jan. First confirmed case outside Wuhan in China was reported in Shenzhen.

20 Jan. Official confirmation of human-to-human transmission;
COVID-19 classified as statutory Class B infectious disease, and managed under Class A infectious disease;
the Joint Prevention and Control Mechanism of the State Council was established.

21 Jan. Ministry of Transportation launched Level 2 responses to emergencies

23 Jan. Wuhan placed under lockdown with traffic bans for all residents;

first 3 provinces launched Level 1 responses to major public health emergencies;
change fees were waived for flight, train, bus and ferry tickets by Ministry of Transport of China, Civil Aviation
Administration of China, and the China State Railway Group Company.

25 Jan. 27 provinces launched Level 1 responses to major public health emergencies;
the Central Leadership Group for Epidemic Response was established.
26 Jan. China State Council extended the Spring Festival holiday to February 2.
27 Jan. Ministry of Education postponed the start of the 2020 spring semester.
28 Jan. All cities in Hubei province were under lockdown.
29 Jan. All provinces launched Level 1 responses to major public health emergencies

30 Jan. 14000 health checkpoints set up at bus and ferry terminals, service centers and
toll gates on highway

3 Feb. A newly built hospital Huoshenshan in Wuhan started to treat
patients of COVID-19 with severe symptoms

4 Feb. 7 cities adopted the partial shutdown strategy

5 Feb. A new makeshift hospital in Wuhan started to quarantine
and treat patients of COVID-19 with mild symptoms
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China’s Sprirg Festival holiday

1
256 cities implemented “close management of communities”;
127 cities implemented “family outdoor restrictions”.

Policy responses to
the COVID-19
outbreak in China



Assessment of the effects of non-pharmaceutical interventions

 Non-pharmaceutical interventions (NPIs) may decrease or effectively stop the
transmission of COVID-19 even without vaccines.

e Spatial variations in the adoption of closed management of communities and
family outdoor restrictions, allowing us to quantify the effect of these NPIs.

e \We conduct a set of counterfactual analysis to assess the effects of the NPIs.
e Estimating the model by 2SLS, obtain the residuals.

* The changes in y_.; are predicted for counterfactual changes in the transmission dynamics (i.e.,
coefficients aﬁ,ithin,r) and the impositions of specific NPIs.



Effects of local non-pharmaceutical interventions
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statistically significant.



A. No family outdoor restrictions B. No closed management of communities
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This figure displays the daily differences between the total predicted number in the counterfactual scenario and the actual number of daily new
COVID-19 for cities outside Hubei province in mainland China. Shaded areas are 95% ClI.

Counterfactual policy
simulations
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Counterfactual policy simulation: no Wuhan lockdown

C. No Wuhan lockd ' [
o Wuhan lockdown * We assume the index of population

flows out of Wuhan after the Wuhan
lockdown (January 23) took the

3000

2000 value observed in 2019 for the same
lunar calendar date, which would be
1000- plausible had there been no

lockdown around Wuhan.

0-  Itis also likely that in the absence of
lockdown but with the epidemic,
more people would leave Wuhan

compared with last year (Fang,

1/22/2020  1/29/2020  2/5/2020  2/12/2020  2/19/2020  2/26/2020 Wane and Yane. 2020) and the
cumulative effect: 31,071; 95%ClI: 8,296-53,845 g & )'

-1000

effect would then be larger.
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Counterfactual policy simulation: no decline in transmission rates

D. No decrease in transmission rates

400000
e Assume that the within city
300000 - transmission dynamics were the
same as those observed during
January 19 ~ February 1
200000
- By Feb 29, would be 1,408,479 (95%
Cl1,815,585~2,001,373) more cases.
100000 - Assuming a fatality rate of 4%,
there would be 56,339 more deaths.
0 * Cost-benefit analysis
1/29/2020 2/5/2020 2/12/2020 2/19/2020 2/26/2020

cumulative effect: 1,408,479; 95%ClI: 815,585-2,001,373
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Assessment of the effects of NPIs

e Suppressing local virus transmissions to keep transmission rates well below those observed in Hubei in late
January is crucial in forestalling large numbers of infections for cities outside Hubei.

* Qur retrospective analysis complements the simulation study of Ferguson et al. (2020).

» Keeping local transmission rates at low levels might have avoided one million or more infections in China.
The public health policies announced by the national and provincial authorities in the last two weeks in
January may have played a determinant role (Tian et al., 2020).

* Chinazzi et al. (2020) also find that reducing local transmission rates is necessary for effective containment of COVID-19.

* Among the measures implemented following provincial Level | responses, Shen et al. (2020) highlight the importance of contact
tracing and isolation of close contacts before onset of symptoms in preventing a resurgence of infections once the COVID-19
suppression measures are relaxed.

* We also find that travel restrictions on high risk areas (the lockdown in Wuhan), and to a lesser extent,
closed management of communities and family outdoor restrictions, further reduce the number of cases.
* Caveats:

* These factors may overlap in the real world. In the absence of the lockdown in Wuhan, the health care systems in cities outside Hubei
could face much more pressure, and local transmissions may have been much higher.

* In China, the arrival of the COVID-19 epidemic in many cities coincided with the Lunar New Year. Had the outbreak started at a
different time, the effects and costs of these policies would likely be different.
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Summary

e COVID-19 infections have been reported in more than 200 countries or territories and more than
90,000 people have died. More and more national and local governments are implementing
countermeasures, such as cross border travel restrictions, stringent social distancing, mandatory
qguarantine, city lockdown, etc.

e Based on the experience in China, preventing sustained community transmissions
in the first place has the largest impact.
e Restricting population flows from areas with high risks of infections can help achieve this goal.

e Local public health measures such as closed management of communities and family outdoor
restrictions can further reduce the number of infections.
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