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“It’s time for facts, not fear”



“It’s time for facts, not fear”

“It’s impossible to predict which direction this epidemic 
will take”

-Tedros Adhanom, Feb 15th 2020



Background

• Coronaviruses: A family of zoonotic viruses that cause illness ranging 
from the common cold to more severe diseases such as MERS-CoV
and SARS-CoV

• 2019 novel coronavirus (2019-nCoV or COVID-19) has 70% similarity 
in genetic sequence to SARS-CoV

• First identified in Wuhan when a cluster of cases were linked to the 
Huanan Seafood Wholesale Market



SIR Model

𝑆 𝑡 = number of susceptible individuals at time 𝑡

𝐼 𝑡 = {number of infected individuals at time 𝑡}

R 𝑡 = {number of removed individuals at time 𝑡}

𝑆(𝑡) 𝐼(𝑡) 𝑅(𝑡)
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SIR Model

𝑁 = 1000
𝛽 = 0.5
𝛾 = 0.1



Assumptions

• For all 𝑡, 𝑆 𝑡 + 𝐼 𝑡 + 𝑅 𝑡 = 𝑁

• Homogeneous mixing of the population (𝛽 is constant) 

• Constant rate of removal (𝛾 is constant) 

• No incubation period



Methodology

• Use new cases, deaths 
and recoveries data 
from the NHC to find 
the distribution of the 
infected population 
𝐼 𝑡 in mainland China 
from January 24 to 
February 11



Methodology

• Assume exponential growth in the first few days to fill in missing data 
since the first confirmed cases in early January

For small 𝑡, 𝑆(𝑡)~𝑁, so
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Methodology

• Define an objective function that returns the sum of squared 
differences between the infected population data and the model 
prediction 

• Minimize this objective function using a numerical optimization 
method

• Extract optimal beta and gamma

• Analysis and simulation



Cumulative Cases

NHC begins daily reports

NHC begins counting 
clinical diagnoses



Distribution of 𝑅(𝑡)



Distribution of 𝐼(𝑡)



Fitted Model

𝛽 = 0.528
𝛾 = 0.146
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Basic Reproduction Number 𝑅0
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Estimating Epidemic Length
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Estimating Epidemic Length
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Estimating Epidemic Length
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Estimating Epidemic Length
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Epidemiological Parameters

COVID-19 SARS-CoV1

𝛽 0.528 0.2586

𝛾 0.146 0.0821

1/𝛾 ~7 days ~12 days

𝑅0 3.614 3.1511

𝑇 ~110 days ~120 days

1Mkhatshwa, Thembinkosi, and Anna Mummert. “Modeling Super-Spreading Events for Infectious Diseases: Case Study SARS.” 15 Oct. 2010.



Simulation at Williams
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SIQR Model
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Assumptions

• For all 𝑡, 𝑆 𝑡 + 𝐼 𝑡 + 𝑄 𝑡 + 𝑅 𝑡 = 𝑁 = 2444

• Homogeneous mixing of the population (𝛽 is constant) 

• Constant rate of removal (𝛾 is constant) 

• No incubation period



Simulation with 𝜀 = 0

𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146



Simulation with 𝜀 = 1

𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146



Critical Value for 𝜀
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Critical Value for 𝜀
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Critical Value for 𝜀

Define 𝜀𝐶𝑉 = 𝛽 − 𝛾

Therefore ε < 𝜀𝐶𝑉 ⟹
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Simulation with 𝜀 = 0.1 < 𝜀𝐶𝑉
𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146
𝜀𝐶𝑉 = 0.382



Simulation with 𝜀 = 0.2 < 𝜀𝐶𝑉
𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146
𝜀𝐶𝑉 = 0.382



Simulation with 𝜀 = 0.3 < 𝜀𝐶𝑉
𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146
𝜀𝐶𝑉 = 0.382



Simulation with 𝜀 = 0.4 > 𝜀𝐶𝑉
𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146
𝜀𝐶𝑉 = 0.382



Simulation with 𝜀 = 0.5 > 𝜀𝐶𝑉
𝑁 = 2444
𝛽 = 0.528
𝛾 = 0.146
𝜀𝐶𝑉 = 0.382



Limitations and Extensions

• Inaccuracy of 𝛽 and 𝛾

• Population segmentations with different mixing rates


