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COVID-19 Early Facts
• 2019 New Coronavirus Disease 

(COVID-19) began to spread from 
early December 2019 in Wuhan 

• First confirmed case: December 
8, 2019


• Human-to-human transmission 
found to occur in mid December 
2019


• Active control started in late 
January 2020, with official 
instruction from central sent 
down on January 7, 2020.*


• Wuhan was locked down on 
January 24, 2020. Other cities 
began to impose stringent travel 
control.

2

*State media Qiu Shi Magazine reported President Xi’s speech at the Standing 
Committee of the Central Political Bureau of CCP on Feb 3, 2020, sending instruction 
down on Jan 7, 2020 regarding control of the new coronavirus outbreak in Wuhan.

https://public.flourish.studio/visualisation/1277644/

• Italy reported 
first case on 
January 31, 2020 

• France also 
traced the first 
case back in 
December  2019



Prof. C. K. Michael Tse /51

Early cases
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Wu and McGoogan 
https://jamanetwork.com/journals/jama/fullarticle/2762130

Chinese New Year

and Dr Li Wenliang
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Hong Kong (second wave)

4Data: Department of Health, Hong Kong

Cancellation of events 
25 Eason Chan shows (Dec 2019)

6 Zhou Jie Lun shows (Jan 2020)

23 Andy Lau shows (Jan-Feb 2020)

numerous concerts, theatres, …

    ~1 million audience

1 CNY Firework show 

1 CNY Parade

    Several thousands

… …

had prevented mass gatherings and 
massive intercity travel during the 
peak travel time.

⇒

⇒

Lan Kwai Fong group (~10% 
of total number)

North Point temple group

Imported overseas 
students group

FIRST WAVE

SECOND WAVE
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Hong Kong (third wave)

5Data: Department of Health, Hong Kong

SECOND WAVE

THIRD WAVE

FIRST 
WAVE

~70,000 people entered 
HK borders unchecked 

since June 9 !!

Taxi drivers cluster

Restaurant party 
cluster
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Spreading escalated by the 
spring travel rush

• 30 days surrounding the Lunar New Year


• Migrant workers and students travel from 
major cities to country towns for family 
reunions, and return to the cities at the 
end of the holiday period. Holiday goers 
also travel to and from tourist cities.


• Ministry of Transport estimates ~3 billion 
trips taken during the spring travel rush.


• Wuhan, being a major transport hub and 
having a large number of higher education 
institutions as well as manufacturing 
plants, is among the cities with the largest 
outflow and inflow traffic during the spring 
travel rush.
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https://www.storm.mg/article/2212024
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The epicenter
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WUHAN  
A very important 
city in China 

• 11 million people


• major traffic hub 

• center of higher 
education, 
manufacturing plants, 
industry and business

Photo by Michael Tse 2018
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Gathering of people and intercity travel of infected and exposed 
individuals within China have been the main drives that escalated the 

spreading of the virus. How to get indicative travel volume data?
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Impact of Intercity Travel
• Number of infections in a 

city farther from Wuhan 
increases almost linearly 
with the Baidu Migration 
Strength (inflow strength) 
of the city from Wuhan

9
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Data
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Baidu Migration Data
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Mobile-app 
based human 
migration 
tracking data 
system

provides 
indicative inflow 
and outflow 
volume of 
travellers 
between cities
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Data collection
• Baidu Migration data for 

367 cities (or administrative 
regions) in China.


• The data provide the 
migration strengths of 
cities which are indicative 
measures of the human 
traffic volume moving in 
and out of 367 cities and 
administrative regions.
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Wuhan inbound and outbound traffic
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Data of Infection Cases
• National Health Commission 

of China 
• Daily data, including the daily 

total number of confirmed cases 
in each city, daily total 
cumulative number of confirmed 
cases in each city, daily 
cumulative number of recovered 
cases in each city, and daily 
cumulative death toll in each 
city.


• Data collected for 367 cities

14

Beijing

Shenzhen
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Wuhan Beijing

Shanghai Shenzhen

Guangzhou Tianjin
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Other countries

16

South Korea 
Italy 
Iran 

Japan 
USA 
UK 

Over 500 cities
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Problem of Information Latency and Loss
• One reason for Rapid Spread of Virus:


• Delayed information — unawareness of the real situation in a population


• Most notable information latency lies in the number of confirmed cases reported, which 
depends on the ability of the particular country or city to perform tests as well as the 
possible bureaucracy in the local system of reporting. 


• The number of confirmed cases is certainly not the true number of infected 
individuals at any given time 
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I > C or I � C
<latexit sha1_base64="Dpn9a2wVHFECaYRynFVOfCNNBfk=">AAACAXicdVBNS0JBFJ1nX2ZfVpugzSUJWsl7z4faJgQ3ujNIDVRk3jjq4LwPZuYF8tBNf6VNiyLa9i/a9W+apwYVdeDC4Zx7ufceN+RMKtP8MFJr6xubW+ntzM7u3v5B9vCoJYNIENokAQ/ErYsl5cynTcUUp7ehoNhzOW27k2rit++okCzwb9Q0pD0Pj3w2ZAQrLfWzJ3W4girM467wIBCzOdShOxpBtZ/NmfnLctF2imDmTbNk2VZC7JJTcMDSSoIcWqHRz753BwGJPOorwrGUHcsMVS/GQjHC6SzTjSQNMZngEe1o6mOPyl68+GAG51oZwDAQunwFC/X7RIw9Kaeeqzs9rMbyt5eIf3mdSA3LvZj5YaSoT5aLhhEHFUASBwyYoETxqSaYCKZvBTLGAhOlQ8voEL4+hf9Jy85bhbx97eQqtVUcaXSKztAFslAJVVANNVATETRHD+gJPRv3xqPxYrwuW1PGauYY/YDx9gn4k5VX</latexit>
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Model 
Issue 1: Travel Data Integration 

Issue 2: Information Latency

18



Prof. C. K. Michael Tse /51

Review of SEIR Model
• Susceptible


• Exposed


• Infected


• Recovered/ 
removed

19

Si(t)
<latexit sha1_base64="j4lADvFgMmbaLopSZEvVXSrTha0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvHiSiOYByRJmJ7PJmNnZZaZXCCH/4MWDIl79H2/+jZNkD5pY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXUbz5xbUSsHnCUcD+ifSVCwShaqXHfFWU87RZLbsWdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs2gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDK/8sVBJilyx+aIwlQRjMn2d9ITmDOXIEsq0sLcSNqCaMrQBFWwI3uLLy6RxVvHOK2d3F6XqbRZHHo7gGMrgwSVU4QZqUAcGj/AMr/DmxM6L8+58zFtzTjZzCH/gfP4AypKOpg==</latexit>

Ei(t)
<latexit sha1_base64="6QfaRGizZb85R5DSltB2I/Kzs/M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GRPAkEcwDkiXMTmaTMbMzy0yvEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0wEN+h5305uZXVtfSO/Wdja3tndK+4fNIxKNWV1qoTSrZAYJrhkdeQoWCvRjMShYM1weD31m09MG67kA44SFsSkL3nEKUErNW66vIyn3WLJq3gzuMvEz0gJMtS6xa9OT9E0ZhKpIMa0fS/BYEw0cirYpNBJDUsIHZI+a1sqScxMMJ5dO3FPrNJzI6VtSXRn6u+JMYmNGcWh7YwJDsyiNxX/89opRlfBmMskRSbpfFGUCheVO33d7XHNKIqRJYRqbm916YBoQtEGVLAh+IsvL5PGWcU/r5zdX5Sqd1kceTiCYyiDD5dQhVuoQR0oPMIzvMKbo5wX5935mLfmnGzmEP7A+fwBtRSOmA==</latexit>

City i with population = Pi

Ii(t)
<latexit sha1_base64="T0YAXleRzG8ybSOTi+PKGazSdco=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvOhFIpgHJEuYncwmY2ZnlpleIYT8gxcPinj1f7z5N06SPWhiQUNR1U13V5gIbtDzvp3cyura+kZ+s7C1vbO7V9w/aBiVasrqVAmlWyExTHDJ6shRsFaiGYlDwZrh8HrqN5+YNlzJBxwlLIhJX/KIU4JWatx2eRlPu8WSV/FmcJeJn5ESZKh1i1+dnqJpzCRSQYxp+16CwZho5FSwSaGTGpYQOiR91rZUkpiZYDy7duKeWKXnRkrbkujO1N8TYxIbM4pD2xkTHJhFbyr+57VTjK6CMZdJikzS+aIoFS4qd/q62+OaURQjSwjV3N7q0gHRhKINqGBD8BdfXiaNs4p/Xjm7vyhV77I48nAEx1AGHy6hCjdQgzpQeIRneIU3RzkvzrvzMW/NOdnMIfyB8/kDuziOnA==</latexit>

Ri(t)
<latexit sha1_base64="jXC3i1AEMia26Oa5dT5+O/YEVRw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvHiSKOYByRJmJ7PJmNnZZaZXCCH/4MWDIl79H2/+jZNkD5pY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4fXUbz5xbUSsHnCUcD+ifSVCwShaqXHfFWU87RZLbsWdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs2gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDK/8sVBJilyx+aIwlQRjMn2d9ITmDOXIEsq0sLcSNqCaMrQBFWwI3uLLy6RxVvHOK2d3F6XqbRZHHo7gGMrgwSVU4QZqUAcGj/AMr/DmxM6L8+58zFtzTjZzCH/gfP4AyQmOpQ==</latexit>

On day t, there are

Eventual percentage of infection = �i
<latexit sha1_base64="w7YvHMOF4F4JHKRwVA2dpt9Jaes=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF09SwX5AG8pms2mXbjZxdyKU0j/hxYMiXv073vw3btsctPXBwOO9GWbmBakUBl332ymsrW9sbhW3Szu7e/sH5cOjlkkyzXiTJTLRnYAaLoXiTRQoeSfVnMaB5O1gdDPz209cG5GoBxyn3I/pQIlIMIpW6vRCLpH2Rb9ccavuHGSVeDmpQI5Gv/zVCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258Sfze6fkzCohiRJtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF37E6HSDLlii0VRJgkmZPY8CYXmDOXYEsq0sLcSNqSaMrQRlWwI3vLLq6RVq3oX1dr9ZaV+l8dRhBM4hXPw4ArqcAsNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz8UvZAI</latexit>

Ns
i = �iPi

<latexit sha1_base64="ssy8F9xqPRsYauzxw1M10DEpGe0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIq6EYouHFVKtgHtDFMJpN26GQSZm6EWoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCq7Bcb6tpeWV1bX1wkZxc2t7Z9fe22/qJFOUNWgiEtUOiGaCS9YADoK1U8VIHAjWCgbXE7/1wJTmibyDYcq8mPQkjzglYCTfPqz5/F7jK9wNmQDic1z3uW+XnLIzBV4kbk5KKEfdt7+6YUKzmEmggmjdcZ0UvBFRwKlg42I30ywldEB6rGOoJDHT3mh6/RifGCXEUaJMScBT9ffEiMRaD+PAdMYE+nrem4j/eZ0MoktvxGWaAZN0tijKBIYET6LAIVeMghgaQqji5lZM+0QRCiawognBnX95kTQrZfesXLk9L1VreRwFdISO0Sly0QWqohtURw1E0SN6Rq/ozXqyXqx362PWumTlMwfoD6zPH/ZAlE0=</latexit>

Total susceptible population

IMAGE: https://zabulionis.files.wordpress.com/2014/06/people-network.jpg
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Basic SEIR Dynamics
Ṡ(t) = ��S(t)I(t)
Ė(t) = �S(t)I(t)� kE(t)
İ(t) = E(t)� �I(t)
Ṙ(t) = �I(t)

<latexit sha1_base64="MEWiDCgq3wLALkvz1UGVbW/IR0s="></latexit>

)

8
>><

>>:

�S(t) = ��S(t� 1)I(t� 1)
�E(t) = �S(t� 1)I(t� 1)� E(t� 1)
�I(t) = E(t� 1)� �I(t� 1)
�R(t) = �I(t� 1)

<latexit sha1_base64="wPMsRthT0Yi8PmV9prKjxBQ1nvM="></latexit>

For a single population 
(network), we can write 
the state equations as
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Parameters
• Infection rates:     and , i.e.,  and  for each city


• Recovery rate:    , i.e.,  for each city


• Eventual infection percentage:    for each city

S → E E → I βi κi

I → R γi

δi

21

Data
• Population:    for each city


• Infected:   ,  for each city

Pi

Ii Ri
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With intercity travel

22

e.g., 267 Chinese cities are interacting via inflow and outflow traffic

Si(t), Ii(t)

Ei(t), Ri(t)
<latexit sha1_base64="P5zAxsW3WMApY4TWSXi/BYzEglY=">AAACDXicbVDLSsNAFJ34rPEVdelmsAoVpCRVUOimKILu6qMPaEKYTCft0MmDmYlQQn/Ajb/ixoUibt2782+cpllo64HhHs65lzv3eDGjQprmtzY3v7C4tFxY0VfX1jc2ja3tpogSjkkDRyzibQ8JwmhIGpJKRtoxJyjwGGl5g4ux33ogXNAovJfDmDgB6oXUpxhJJbnG/p1LS/LwCF5n1bZ1u2pXL3PxNqvQNYpm2cwAZ4mVkyLIUXeNL7sb4SQgocQMCdGxzFg6KeKSYkZGup0IEiM8QD3SUTREARFOml0zggdK6UI/4uqFEmbq74kUBUIMA091Bkj2xbQ3Fv/zOon0z5yUhnEiSYgni/yEQRnBcTSwSznBkg0VQZhT9VeI+4gjLFWAugrBmj55ljQrZeu4XLk5KdbO8zgKYBfsgRKwwCmogStQBw2AwSN4Bq/gTXvSXrR37WPSOqflMzvgD7TPH7BOmCY=</latexit>

Sj(t), Ij(t)

Ej(t), Rj(t)
<latexit sha1_base64="d7WJSLL+s7k61Rw0L3OrBaW3c94=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVpCRV0GVRBN3VRx/QhDCZTtqxk0mYmQgldOvGX3HjQhG3/oE7/8ZpmoW2Hhju4Zx7uXOPHzMqlWV9G3PzC4tLy4WV4ura+samubXdlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/OB/7rQciJI34nRrGxA1Rj9OAYqS05Jnw1rsvq4NDeJVVxyle5MJNVqFnlqyKlQHOEjsnJZCj7plfTjfCSUi4wgxJ2bGtWLkpEopiRkZFJ5EkRniAeqSjKUchkW6aXTKC+1rpwiAS+nEFM/X3RIpCKYehrztDpPpy2huL/3mdRAWnbkp5nCjC8WRRkDCoIjiOBXapIFixoSYIC6r/CnEfCYSVDq+oQ7CnT54lzWrFPqpUr49LtbM8jgLYBXugDGxwAmrgEtRBA2DwCJ7BK3gznowX4934mLTOGfnMDvgD4/MHMRKW1A==</latexit>

Sk(t), Ik(t)

Ek(t), Rk(t)
<latexit sha1_base64="sRSD2D62Cz5tv0yP4/D2+Qu0haU=">AAACCXicbVDLSsNAFJ3UV42vqEs3g0WoICWpgi6LIuiuPvqAJoTJdNoOnUzCzEQooVs3/oobF4q49Q/c+TdO0yy09cBwD+fcy517gphRqWz72ygsLC4trxRXzbX1jc0ta3unKaNEYNLAEYtEO0CSMMpJQ1HFSDsWBIUBI61geDHxWw9ESBrxezWKiReiPqc9ipHSkm/BO39YVodH8Dqrrmte5sJtVqFvleyKnQHOEycnJZCj7ltfbjfCSUi4wgxJ2XHsWHkpEopiRsamm0gSIzxEfdLRlKOQSC/NLhnDA610YS8S+nEFM/X3RIpCKUdhoDtDpAZy1puI/3mdRPXOvJTyOFGE4+miXsKgiuAkFtilgmDFRpogLKj+K8QDJBBWOjxTh+DMnjxPmtWKc1yp3pyUaud5HEWwB/ZBGTjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW0tGPnMLvgD4/MHN2SW2A==</latexit>
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Intercity migration matrix

23

M(t) =

2

6664

m11(t) m12(t) · · · m1K(t)
m21(t) m22(t) · · · m2K(t)

...
...

. . .
...

mN1(t) mN2(t) · · · mKK(t)

3

7775

<latexit sha1_base64="ktaNsGIIirf6+sTZlpS7Eb4dC6k="></latexit>

City i

City j

mij
<latexit sha1_base64="fYnoeUsXSGMx7yE4Pn6e016omiQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxZNEMA9IljA7mU0mmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGpVqQhtEcaXbETaUM0kblllO24mmWESctqLx7cxvPVFtmJKPdpLQUOCBZDEj2DqpKXoZG017pbJf8edAqyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNpsZsammAyxgPacVRiQU2Yza+donOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+CTMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DRhRAsv7xKmtVKcFmpPlyVa/d5HAU4hTO4gACuoQZ3UIcGEBjBM7zCm6e8F+/d+1i0rnn5zAn8gff5A+Etj10=</latexit>

mik
<latexit sha1_base64="hZsp0bKI7wZGUn2mCn5Jz9hMJIs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BL54kgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSS/QzNp72yxW/6s+BVkmQkwrkaPTLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowm187RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18HWZMJqmlkiwWxSlHVqHZ62jANCWWTxzBRDN3KyIjrDGxLqCSCyFYfnmVtGrV4KJau7+s1O/yOIpwAqdwDgFcQR1uoQFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zB+Kyj14=</latexit>

mji
<latexit sha1_base64="GV9KKzIkM6hzKzYwZ0vLeQoBEV8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxZNEMA9IljA7mU0mmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGpVqQhtEcaXbETaUM0kblllO24mmWESctqLx7cxvPVFtmJKPdpLQUOCBZDEj2DqpKXrZiE17pbJf8edAqyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNpsZsammAyxgPacVRiQU2Yza+donOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+CTMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DRhRAsv7xKmtVKcFmpPlyVa/d5HAU4hTO4gACuoQZ3UIcGEBjBM7zCm6e8F+/d+1i0rnn5zAn8gff5A+Euj10=</latexit>

mjl
<latexit sha1_base64="vkdJBXjA9UGC3HWu1/mUpHNyQwI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxZNEMA9IljA7mU0mmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGpVqQhtEcaXbETaUM0kblllO24mmWESctqLx7cxvPVFtmJKPdpLQUOCBZDEj2DqpKXrZiE97pbJf8edAqyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNpsZsammAyxgPacVRiQU2Yza+donOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+CTMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DRhRAsv7xKmtVKcFmpPlyVa/d5HAU4hTO4gACuoQZ3UIcGEBjBM7zCm6e8F+/d+1i0rnn5zAn8gff5A+W9j2A=</latexit>

City l

City k
K = 367
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From city i to city j

24

�I inij (t) =
Ii(t)mij(t)

Pi
<latexit sha1_base64="smbvb1IRa+Ly2+tLwb84BotTyG4=">AAACHnicbZDLSgMxFIYzXmu9VV26CRZBN2XGC7oRCrqwG6lgrdCpQybNaGySGZIzQhnmSdz4Km5cKCK40rcxvSy0eiDw5f/PITl/mAhuwHW/nInJqemZ2cJccX5hcWm5tLJ6aeJUU9agsYj1VUgME1yxBnAQ7CrRjMhQsGbYPe77zXumDY/VBfQS1pbkRvGIUwJWCkr7/gkTQHAtyPhdfp35WmKu8i3YPvIjTWhWC7i9yIFtIc/qAc+DUtmtuIPCf8EbQRmNqh6UPvxOTFPJFFBBjGl5bgLtjGjgVLC86KeGJYR2yQ1rWVREMtPOBuvleNMqHRzF2h4FeKD+nMiINKYnQ9spCdyaca8v/ue1UogO2xlXSQpM0eFDUSowxLifFe5wzSiIngVCNbd/xfSW2FTAJlq0IXjjK/+Fy52Kt1vZOd8rV89GcRTQOtpAW8hDB6iKTlEdNRBFD+gJvaBX59F5dt6c92HrhDOaWUO/yvn8BuNDomI=</latexit>

�Ioutj (t) =
Ij(t)

PN
i=1 mji(t)

Pj
<latexit sha1_base64="jTunqRUYFIEC0lVNSmibRhNgIxU="></latexit>

Leaving city j

Likewise for the exposed populations
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Assumptions / Conditions
• Susceptible and Exposed individuals can move from one city to another.


• Infected individuals, once confirmed, do NOT move to another city.


• Recovered individuals also do NOT move to another city.


• All parameters are theoretically different in different cities.


• For computational convenience, we only assume recovery rates and 
infection percentages to be different in different cities.

25
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ES

I
R

Population change:

Here we do not discuss 
the contact topology.

Travel-Data Integrated SEIR Model 

�S = ...

�E = ...

�I = ...

�R = ...

�P = ...<latexit sha1_base64="nSBnxXpCljV/5Wsxxsg6TzpDF8c=">AAACRHicbZDLSsNAGIUnXmu8RV26GSyCq5BUQTdC8QK6q5deIAllMp22QyeTMDMRSujDufEB3PkEblwo4lZM2ojaeGDg8J3/Z2aOHzEqlWU9aTOzc/MLi6UlfXlldW3d2NhsyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnGZ5844ISUN+q4YR8QLU47RLMVIpahtO4p4RphC8GcFjaJqm6+rf6LyILovo+gflpDYBetsoW6Y1FiwaOzdlkKvWNh7dTojjgHCFGZLSsa1IeQkSimJGRrobSxIhPEA94qSWo4BILxmXMIK7KenAbijSwxUc098bCQqkHAZ+Ohkg1ZfTWQb/y5xYdY+8hPIoVoTjyUXdmEEVwqxR2KGCYMWGqUFY0PStEPeRQFilvWcl2NNfLppGxbT3zcrVQbl6ktdRAttgB+wBGxyCKrgANVAHGNyDZ/AK3rQH7UV71z4mozNavrMF/kj7/AJMmKnT</latexit>

MODEL 
Set of Equations

PARAMETERS 
(unknown)

↵j

�j

�j

j

�j
<latexit sha1_base64="pWc6oFzW/HXFgIQ5d8apZDLERUM=">AAACH3icbZBNS8NAEIY3ftb6FfXoJVgETyWpoh6LXjxWsB/QhDLZTtu1u8myuxFK6T/x4l/x4kER8dZ/Y9LmoK0vLDy8M8PsvKHkTBvXnVorq2vrG5uFreL2zu7evn1w2NBxoijWacxj1QpBI2cR1g0zHFtSIYiQYzMc3mb15hMqzeLowYwkBgL6EesxCia1OvalD1wOoPPo+0U/RJNTH4TIcQhS5thFnjd07JJbdmdylsHLoURy1Tr2t9+NaSIwMpSD1m3PlSYYgzKMcpwU/USjBDqEPrZTjECgDsaz+ybOaep0nV6s0hcZZ+b+nhiD0HokwrRTgBnoxVpm/ldrJ6Z3HYxZJBODEZ0v6iXcMbGTheV0mUJq+CgFoIqlf3XoABRQk0aaheAtnrwMjUrZOy9X7i9K1Zs8jgI5JifkjHjkilTJHamROqHkmbySd/JhvVhv1qf1NW9dsfKZI/JH1vQHkA6iCg==</latexit>

daily changes

M(t) =

2

6664

m11(t) m12(t) · · · m1K(t)
m21(t) m22(t) · · · m2K(t)

...
...

. . .
...

mN1(t) mN2(t) · · · mKK(t)

3

7775

<latexit sha1_base64="ktaNsGIIirf6+sTZlpS7Eb4dC6k="></latexit>

travel data
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Parameter Extraction
• Set of parameters:    for city j 

• Initial infected and exposed numbers:  and 


Modeling to be completed by finding all parameters that match the historical data.


The number of exposed individuals, ,  is also unknown.

θj = {αj, βj, γj, κj, δj, Ij,0}

λIIj(t0) λEIj(t0)

Ej(t)

27
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Method
• Constrained nonlinear optimisation problem 

 
 
 
where 
 
 
where  is the set of estimated parameters, 
and  is the model.


•

̂x
F( . )

̂x(t) = [ ̂I(t), R̂(t), E(t), S(t), P(t), Ns(t)]

28

24Jan20 07Mar20 19Apr20 01Jun20 14Jul20
0

100

200

300
Number of infections (official)

Number of infections (estimated)

24Jan20 07Mar20 19Apr20 01Jun20 14Jul20
0

100

200

300
Number of exposed (estimated)

DATA FITTING with MIN ERROR 
to extract all parameters and unknown variables

In other words, the model generates the 
solution that is as close to the data as 

possible.
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Fitting Results
No of infected cases 

|| 
Not the total cumulated 
(i.e., less the recovered)

PERFORMED FEBRUARY 17, 2020
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Predictions
• Once we have the parameters, the model can be used for 

prediction assuming the validity of the same set of parameters.

31

No of infected cases 
|| 

Not the total cumulated 
(i.e., less the recovered)

PERFORMED FEBRUARY 17, 2020
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Findings

33

PEAK TIME

For most cities, the infection 
numbers would peak between mid 
February to early March 2020

PERFORMED FEBRUARY 17, 2020
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PROPORTION OF INFECTED IN EACH CITY  δi

At the end, about 0.8%, less than 
0.1% and less than 0.01% of the 
population would get infected in 
Wuhan, Hubei Province and the rest 
of China, respectively. 

January 24, 2020, to February 16, 2020

PERFORMED FEBRUARY 17, 2020
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NUMBER OF INFECTED IN EACH CITY

Translating to actual figures, for most 
cities outside and within Hubei 

Province (except Wuhan), the total 
number of infected individuals was 
expected to be fewer than 300 and 

4000, respectively

January 24, 2020, to February 16, 2020

PERFORMED FEBRUARY 17, 2020
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Other countries by data-driven prediction

36

South Korea 
Italy 
Iran 

Japan 
USA 
UK 

Over 500 cities

PERFORMED MARCH 8, 2020; UPDATED MAY 17, 2020
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Other countries by data-driven prediction

37

South Korea 
Italy 
Iran 

Japan 
USA 
UK 

Over 500 cities

PERFORMED MARCH 8, 2020; UPDATED MAY 17, 2020
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PEAK TIME

South Korea — end by April


Italy, Iran — end by May


SOUTH KOREA

ITALY

IRAN

PERFORMED MARCH 8, 2020; UPDATED MAY 17, 2020
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IRAN

ITALYSOUTH KOREA

PROPORTION OF INFECTED 
INDIVIDUALS  

IN THE POPULATION

PERFORMED MARCH 8, 2020; UPDATED MAY 17, 2020
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Next Challenge: Latency / Loss of Information

Most notable information 
latency — the number of 
confirmed cases reported, 
which depends on 


• the ability of the 
particular country or city 
to perform tests


• the possible bureaucracy 
in the local system of 
reporting

I � C
<latexit sha1_base64="WNps4ZnJJxV4hcAsP8pW5lsegLw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsRW8V7Ae0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoNxfea3n1BpHstHM0nQj2go+ZAzaqzUvie9MCT1fqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxjTErqWSRqj9bH7ulJxbZUCGsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66ZmeONnXCapQckWi4apICYms9/JgCtkRkwsoUxxeythI6ooMzahog3BW355lbSqFe+yUn24Ktdu8zgKcApncAEeXEMN7qABTWAwhmd4hTcncV6cd+dj0brm5DMn8AfO5w8OGo66</latexit>

OUR LATEST WORK (COMPLETED JULY 27) SHOWED THAT  C / I ≈  0.23, i.e., 
Unconfirmed : confirmed ≈ 3.309 : 1 

based on data from Australia, Canada, Italy, Japan, Spain, UK and USA
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�Ij(t) = (1� �j � �(I)
j )Ij(t) + Ei(t) + kI

 
NX

i=1

✓
Ii(t)mij(t)

Pi(t)

◆
�

Ij(t)
PN

i=1 mji(t)

Pj(t)

!

�Ej(t) =
�jIj(t) + ⇢jCj(t)

Ns
j (t)

Sj(t) +
↵jEj(t)

Ns
j (t)

Sj(t)� Ei(t) +
NX

i=1

✓
Ei(t)mij(t)

Pi(t)

◆

�
Ej(t) ⇤

PN
i=1 mji(t)

Pj(t)

�Sj(t) = ��jIj(t) + ⇢jCj(t)

Ns
j (t)

Sj(t)�
↵jEj(t)

Ns
j (t)

Sj(t) +
NX

i=1

✓
Si(t)mij(t)

Pi(t)

◆

�
Sj(t)

PN
i=1 mji(t)

Pj(t)

�Cj(t) = �jIj(t)� �(C)
j Cj(t)

�Rj(t) = �(I)
j Ij(t) + �(C)

j Cj(t)

�Pj(t) =
NX

i=1

mij(t)�
NX

i=1

mji(t)

�Ns
j (t) = kI

 
NX

i=1

✓
Ii(t)mij(t)

Pi(t)

◆
�

Ij(t)
PN

i=1 mji(t)

Pj(t)

!
+

NX

i=1

✓
Ei(t)mij(t)

Pi(t)

◆

�
Ej(t)

PN
i=1 mji(t)

Pj(t)
+

NX

i=1

✓
Si(t)mij(t)
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◆
�

Sj(t)
PN

i=1 mji(t)

Pj(t)
<latexit sha1_base64="1og6rcO/WkgCvEut7DkiRgD6Cxg="></latexit>

SEICR MODEL
Assume: the number of individuals 
eventually infected is set initially at Njs(t0)  = 
δjPj (δj being constant), implying effective 
measures in place to limit the upper bound 
of the infected number.


But the model may consider inactive or less 
active intervention: each infected case 
adds to the eventual infected number. The 
additional Sj and Nj are:


kj(c) is an inverse indicator of the level of 
active intervention implemented, and 
corresponds quantitatively to an increase in 
the number of eventual infected individuals 
for each additional infected or exposed 
individual in region j 

+

+
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Full Parameter Set

42

inherent rates: 
social behavior 

personal hygiene

mask wearing

level of intervention: 
quarantine


border closure

cordon sanitaire
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1

2

3

4

Integrating Travel Data w SEICR
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Prediction for 46 Regions (Prefectures) in Japan

44

Data-fitting example for Kanagawa-ken 
(one simulation out of 100 runs)

I > 20C
<latexit sha1_base64="Ds5mQkuzcUc8xm/bu3br9lUULeM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQU8SzEVvEcwDkiXMTmaTIbOzy0yvEEI+wosHRbz6Pd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9rMbz1xbUSsHnGccD+iAyVCwShaqXVPbkjFrfWKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfu6UnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYbX/kSoJEWu2GJRmEqCMZn9TvpCc4ZybAllWthbCRtSTRnahAo2BG/55VXSrJS9i3Ll4bJUvc3iyMMJnMI5eHAFVbiDOjSAwQie4RXenMR5cd6dj0VrzslmjuEPnM8fOzyOMA==</latexit>

Actual infected cases can be 20-fold 
as many as the confirmed number.

C / I

Eventual I 
under different levels of control
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Prediction for 50 states (incl. DC) in USA

45

Data-fitting example for New York State 
(one simulation out of 100 runs)

Actual infected cases can be 5-fold 
as many as the confirmed number.

I > 5C
<latexit sha1_base64="ikgEjVYVm2YuwonjDAVyGXEaKDc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtip6k2IveKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo9rUbz1RpZkUD2YcUz/CA8FCRrCxUvMOXaOLWq9YcsvuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpVsreWblyf16q3mRx5OEIjuEUPLiEKtxCHRpA4BGe4RXeHOm8OO/Ox7w152Qzh/AHzucP0OWN+Q==</latexit>

C / I

Eventual I 
under different levels of control
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Inherent rates vs intervention

46

Inherent infection rates
Stepping up intervention

Stepping up intervention

Inherent infection rates
Maintaining personal hygiene, mask 

wearing, level of vigilance 

Maintaining personal hygiene, mask 
wearing, level of vigilance 

JAPAN

USA

Active intervention more 
effective for Japan 

Inherent rates more 
important for USA

0.23% 
eventual 
infected 

population

2.7% 
eventual 
infected 

population

with drastic 
measures
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Trends

47

Good News:


The effectiveness of medical 
treatment is expected to 
improve and the recovery rate 
will increase in time, making 
the decline rate more rapid. 


Predictions of first waves are 
highly consistent so far,


Bad News


Borders remain 
practically open, and 
intercity travel is still 
active, though small. 
Imported cases will 
persist. Matter of time!!!! 

Asymptomatic and 
presymptomatic 
transmissions mean that 
“unidentified” patients 
are the main infectious 
hosts.

Australia

USA
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Conclusions
• Single population:


• Gatherings of people - superspreader events


• Multiple populations: 


• Intercity migration


• Value of model prediction:


• Provides essential information on the 
expected severity and duration of the 
epidemic for illuminating social and non-
pharmaceutical preventive interventions.

48

 

Drastically increase TESTING 
CAPACITY so as to identify the 
“invisible” infectious hosts. 

Our latest study shows that if 
testing capacity is raised 10-fold, 
the number of infected cases will 
reduce by 50%. 

Right now, the confirmed cases are 
only 23% of the total infected 
cases. 

Mass testing may be the way to go.
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Further Development
• Computerised System for ANALYSIS and PREDICTON

49

MODEL 
& 

Algorithms

DATA infected 
number, etc

Travel data

Testing capacity

Intervention 
&  

Control level

Policy changes

PREDICTION
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Thank you!
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