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PRESENTATION OUTLINE

Epidemiological Modeling
Introducing DART

Case Study on 4 countries: ﬁ \

o  United States of America

o Guyana 3

o Ethiopia 22
o Trinidad N "

Conclusion

Image Source: <a href="https://www.freepik.com/vectors/stats">Stats vector created by storyset -
www.freepik.com</a>



EPIDEMIOLOGICAL MODELING

pandemic

S-Susceptible

e The SEIR model is a model implemented by epidemiologists to model infectious diseases
e SEIQRDV is an extension of the SEIR model that has been used by scientists to model the spread of the

e By letter SEIQRDV represents the following state variables:

E-Exposed
l-Infected
Q-Quarantined
R-recovered
D-Death A
V-Vaccinated
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Citation: Ghostine, R.; Gharamti, M.; Hassrouny, S.; Hoteit, |.
An Extended SEIR Model with Vaccination for Forecasting
the COVID-19 Pandemic in Saudi Arabia Using an Ensemble
Kalman Filter. Mathematics 2021, 9,636.
https://dx.doi.org/10.3390/math9060636

Parameter
A
B

P2

Description
New births and new residents
Transmission rate before intervention

Transmission rate during and after intervention

Vaccination rate
Natural death rate
Incubation period
Vaccine inefficacy

Infection time
Case fatality rate

Recovery time

Time until death



https://www.google.com/url?q=https://dx.doi.org/10.3390/math9060636&sa=D&source=editors&ust=1658437018805274&usg=AOvVaw0jqg3iXpMDZZ0KeWdjOKXB

THE DATA ASSIMILATION RESEARCH TESTBED

Data Assimilation (DA) is a
technique used to enhance
model predictions using
observations

DA can assimilate both noisy
and sparse observations
DART-LAB: A Matlab-based
version of the DART software
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DATA ASSIMILATION

CASE STUDIES
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Population: ~330 Million
DA Application: Demonstrate how a properly tuned
model can enhance DA forecasts
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Population: ~790k

DA Application: Demonstrate how Data
Assimilation can make model predictions on
noisy or sparse data
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ETHIOPIA

Population: ~115 M
DA Application: (i) How data assimilation RMSE

performance improves with the addition of data types
and (ii) how ‘bad data’ can impact RMSE values




Prediction Accuracy of Active Cases as Function of Data Type
I

—— SEIR Model (no DA), RMSE: 3755.81184 ' '

——DA: A, RMSE: 2944.44585

—— DA: AR, RMSE: 3369.83923

DA AD, RVSE: 2825.41368
DA: ARD, RMSE: 3009.03500
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TRINIDAD

Population: ~1.4 M
DA Application: Enhance data assimilation
performance using different filtering algorithms




Deaths Vaccinated

SEIR Model (no DA), RMSE: 589.522 * SEIR Model (no DA), RMSE: 198279.851
* DA inf: 1.000, RMSE: 161.932 + DA inf: 1.000, RMSE: 98079.561

DA; inf: 1.010, RMSE: 91.528 - + DA inf: 1.010, RMSE: 82584.982

DA; inf: 1.020, RMSE: 93.789 DA; inf: 1.020, RMSE: 33213.720

Improved RMSE values . Improved RMSE values
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Deaths «10° Vaccinated

—— SEIR Model (no DA), RMSE: 589.522 | —— SEIR Model (no DA), RMSE: 198279.851
—— DA: EAKF, RMSE: 93.789 —— DA: EAKF, RMSE: 33213.720
~—— DA: EnKF, RMSE: 129.228 ~—— DA: EnKF, RMSE: 60072.870

DA: RHF, RMSE: 104.100 :

DA: RHF, RMSE: 33681.768
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