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Overview:



S Susceptible number of subjects who are susceptible 
but not yet infected; base pool of persons

E Exposed
number of subjects who are infected but 
not yet infectious; in an incubatory stage 

where they cannot yet transmit the disease

I Infectious number that are infected and can transmit 
the disease

R Recovered
number that have received immunization, 
are fully recovered, or quarantined; cannot 

transmit the disease

D Dead number confirmed to have died from the 
disease
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The Compartmental Epidemic Model of 
an Infectious Disease: SEIRD



Parameter Description

β
Daily fraction that move out 

of the susceptible 
compartment into the 

exposed compartment

γ
Daily fraction that move out 

of the exposed 
compartment into the 

infectious compartment

σ
Daily fraction that move out 

of the infectious 
compartment into the 

recovered compartment

δ
Daily fraction that move out 

of the recovered 
compartment into the dead 

compartment
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The Compartmental Epidemic Model of 
an Infectious Disease: SEIRD



The Compartmental Epidemic Model of 
an Infectious Disease: SEIRD

SEIRD Model: Epidemic Dynamics in Continuous Time: 
a system of five PDEs to describe spatio-temporal evolution 
over connected planar domain ⌦ ⇢ R2
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weight function 

The function for each SEIRD variable describes the density of the 
population for each compartment at spatial coordinate (x,y) and time t. 

For example, E(x,y,t) describes the density of the exposed 
population at spatial point (x,y) and time t. 



weight function measures influence of 
infectives at (u,v) on exposure of susceptibles 
at (x,y) 

expresses idea that influence of nearby 
infectives drops as an exponential function of 
Euclidean distance 

The more mobile the society, the higher the λ 
value (constant characteristic of the distance 
the disease spreads) 

This distance parameter is adequate for 
capturing local dynamics, thereby allowing us 
to learn about spatial transmission of the 
disease across neighboring cells
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The Compartmental Epidemic Model of 
an Infectious Disease: SEIRD

Weight Function:



We simulate these epidemic dynamics by utilizing a discretized stochastic version of the 
model with the assumption individuals are continuously distributed on a spatial domain. 

The five PDEs are described as a system of five ODEs:
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The Compartmental Epidemic Model of 
an Infectious Disease: SEIRD

dS

dt
= ��

S(t)I(t)

N(t)

dE

dt
= �

S(t)I(t)

N(t)
� �E(t)

dI

dt
= �E(t)� �I(t)� �I(t)

dR

dt
= �I(t)

dD

dt
= �I(t)

N(t) = S(t) + E(t) + I(t) +R(t)
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dS

dt
= ��

S(t)I(t)

N(t)
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Running the SEIRD Model Simulation: Nigeria 

Synthetic disease incidence data for 
three cities in Nigeria: Abuja and 
Gombe 

Artificial simulation of an Ebola outbreak 

Assume data has been collected every 
Sunday once a week for 2017, 2018, 
and 2019 

1 time step = 1 day ; 1,095 time steps 
total for three years 

Every month, a visual image of the 
epidemic spread for each compartment 
is outputted by the R program as a 
netCDF file and visualized in Panoply 
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Running the SEIRD Model Simulation: Nigeria 

(high density of susceptibles in this particular pixel) 

Each cell size (~2.5 km, ~2.5 km) at equator for a  
total of 3480 rows x 8640 columns =  
30067200 non-overlapping cells at 2.5 arc-minute  
resolution.
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Running the SEIRD Model Simulation: Nigeria 
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Optimal Interpolation Data Assimilation 

Finds the optimal estimate x

a
of the true state of the system given the

background field x

b
, incoming observations y

0
, and the error covariance matrices

of the background B 2 Rn⇥n
and observations R 2 Rp⇥p
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The weight matrix W minimizes mean-square error E{✏T ✏}.
The observational operator H transforms modeled variable x(t) such that it can

be compared to the observation y(t).
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Random vectors x(t), the analysis of the true state, and y(t), the observa-

tions, are represented as parallel time-series for each spatial location.
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Optimal Interpolation Data Assimilation 

OI assumes (a) inherent variability in scalar field of interest, and that (b)
the observations are error-free.
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Optimal Interpolation Data Assimilation 

Simulation of SEIRD epidemic Optimal Interpolation Forecast 

t = 80 days 
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Optimal Interpolation Data Assimilation 

Simulation of SEIRD epidemic Optimal Interpolation Forecast 

t = 250 days 
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The first case of COVID-19 in Nigeria was  
confirmed for Lagos State on February 27, 2020. 

As of April 19, 2020, there are 627 confirmed  
cases in 22 states, with the highest count being in Lagos.



Insights and Challenges of Forecasting COVID-19 
in Nigeria



Insights and Challenges of Forecasting COVID-19 
in Nigeria

Estimating beta transmission rate with respect to movement from susceptible to exposed 
compartment in SEIRD model 



(Metcalf and Lesser, 2017)



Thank you!


