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Abstract — The work provides a mathematical description
of SEIR-D model and numerical method for identification of
parameters of this problem by data for Moscow and
Novosibirsk region. We will present a qualitative and
quantitative analysis of numerical results and an analysis of the
obtained forecasts for the development of the COVID-19
epidemic in Moscow and Novosibirsk region.

Keywords — SEIR-D, COVID, coefficient inverse problem

MOTIVATION AND AIM

Motivation

In 2019, a new coronavirus (COVID-19) was discovered
in Wuhan, China, which has never been detected in humans
before.

Using mathematical modelling it is possible to predict the
propagation of epidemy.
Aim

The aim is to calculate the scenario for the development
of the disease in specific Russian cities. For example, we
want to know when the incidence is expected to peak in
particular city, when it will be possible to reach a plateau,
and how the epidemic is expected to decline in each
particular case. The mean control reproduction number was
estimated in [2, 3]. In [4] the exact analytical solution of the
Susceptible-Infected-Recovered (SIR) epidemic model was
obtained in a parametric form.

METHODS

In SEIR-D, the population is divided into five groups:
susceptible (uninfected) individuals; infected individuals
without symptoms; individuals with symptoms; cured
individuals; cases of the disease among the population. To
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the four traditional SEIR, D - deceased is added. This model
described by a system of 5 nonlinear ordinary differential
equations. Unknown model parameters are calculated by
minimizing the cost function, using global optimization
methods.

RESULTS

Mathematical model of SEIR-D based on the SEIR
structure were analyzed, inverse problem of parameter
refinement for Moscow and Novosibirsk region were
formulated, and algorithms for solving inverse problems
were developed. Scenarios for the development of the spread
of the COVID-19 epidemic in Moscow and Novosibirsk
region for various time periods of measurement and
forecasting are constructed.
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