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We Launched “Using ML to Combat COVID-19” Project on 3/28/2020 
https://covid19.uclaml.org
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Forecast the number of daily increased confirmed cases 
and deaths
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Mathematics of Epidemic Models

‣ SIR Model


‣ SEIR Model 
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Limitation of SIR and SEIR

‣ Do not take into account the unreported cases

• testing capacity

• asymptomatic individuals
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Our Model: SuEIR
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: Contact/Infectious rateβ : Incubation rateσ

: Discover rate of infected casesμ : Recover rateγ
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Epidemic Model Guided Machine Learning for COVID-19 Forecasts in the United States
Difan Zou, Lingxiao Wang, Pan Xu, Jinghui Chen, Weitong Zhang, Quanquan Gu, medRxiv, doi: https://doi.org/10.1101/2020.05.24.20111989

https://doi.org/10.1101/2020.05.24.20111989
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Machine Learning Pipeline
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Input data Learned model Forecast

daily reported
active cases
daily reported deaths
and recovered cases

initial susceptible
population
initial exposed 
population

predicted active
cases

predicted deaths 
and recovered 
cases
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Learning Parameters
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S0 E0

β μ γ
ODE Solver

 :Ĉ1, …, Ĉt

 :̂F1, …, ̂Ft Estimated fatality 
cases

Estimated confirmed 
cases

Initialization

Parameters

I0 R0

‣ Model parameters are learned by minimizing the following loss function

L(β, σ, μ, γ; C1:T, F1:T) =
1
T

T

∑
t=1

[(log(Ĉt + 1) − log(Ct + 1))2 + (log( ̂Ft + 1) − log(Ft + 1))2]

For state level and county level models, we take the daily reported confirmed and fatality cases from the New York Times 
(https://github.com/nytimes/covid-19-data) as the input.  

For the country level model, i.e., the model for the US prediction,  we take the daily reported confirmed and fatality cases 
from the JHU CSSE (https://github.com/CSSEGISandData/COVID-19).

σ

https://github.com/nytimes/covid-19-data
https://github.com/CSSEGISandData/COVID-19
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SuEIR with Hospitalization

9

Susceptible Exposed Infectious Removed

Unreported

S E I R
� �

(1� µ)�

µ�

Hospitalized

ICU
�i1 �i2

�h2 �h1

For state level and country level models, hospitalization data are provided in  (https://covidtracking.com/) 
For county level model, hospitalization data are provided in (https://data.ca.gov/dataset)



Our Model Is Used by CDC Forecasts (Deaths)

10
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Our Model Is Used by CDC Forecasts (Hospitalizations)

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/hospitalizations-forecasts
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Our Model Is Used by California COVID Assessment Tool 
(CalCAT)

https://calcat.covid19.ca.gov/cacovidmodels/

https://calcat.covid19.ca.gov/cacovidmodels/
https://calcat.covid19.ca.gov/cacovidmodels/
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Our Model Is Used by California COVID Assessment Tool 
(Forecast)

https://calcat.covid19.ca.gov/cacovidmodels/

https://calcat.covid19.ca.gov/cacovidmodels/
https://calcat.covid19.ca.gov/cacovidmodels/


Model Performance Comparison (before Resurgence)
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Model Performance Comparison (after Resurgence)
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