
The conference of young scientists «Pidstryhach readings – 2026»
May 27–29, 2026, Lviv

UDC 519.6

NUMERICAL MODELING OF ATMOSPHERIC
POLLUTANT DISPERSION USING THE FINITE

ELEMENT METHOD

Roman Buchko, Roman Drebotiy

Ivan Franko National University of Lviv,
roman.buchko@lnu.edu.ua, roman.drebotiy@lnu.edu.ua

In this work we consider a stationary diffusion–advection–reaction model
together with its finite element discretization based on adaptive mesh refi-
nement for spatially heterogeneous transport fields, which is an important
problem in environmental analysis. The model is then applied to visualize the
particle concentration distribution over a part of the world map.

Let Ω ⊂ R2 be a bounded domain. The concentration u(x, y) satisfies

−µ∆u+ β · ∇u+ σu = f in Ω, (1)

where µ > 0 is the diffusion coefficient, β(x, y) is the advection field, σ ≥ 0 is
the reaction coefficient, and f(x, y) describes sources.

For simplicity, we consider the Dirichlet boundary condition

u = 0 on ∂Ω. (2)

Under standard assumptions, this problem has a unique solution. In this
work, we approximate it using a Galerkin discretization and the standard finite
element method with linear basis functions on a triangular mesh generated
using the Triangle library.

In scenarios of practical interest, this problem often involves singular
perturbations. To handle them, mesh adaptation is applied.

An adaptive strategy is based on a residual-type indicator. For each
element K, a cubic bubble function bK defines an auxiliary quantity

ηK =
ℓ(bK)− a(uh, bK)

a(bK , bK)
. (3)

The actual local error estimate is ηK∥bK∥H1(K). Elements with the largest
values of this estimate are marked and refined, enabling resolution of sharp
gradients near source regions and along flow directions.
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Based on the described model and the FEM solver, an interactive GUI
application was developed that allows the user to model the described problem
on a small region of the Earth’s surface. Given the diffusion and reaction coeffi-
cients, an advection field based on real-world wind data from the Coperni-
cus Climate Change Service dataset, and a user-defined particle source, the
proposed model can be used to predict the particle concentration in the region
of interest on the world map.

Fig. 1. Visualization of the test problem with a source and a complex advection
field: the computed concentration field with arrows indicating the wind directi-
on on the left, and the finite element mesh on the right
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ЧИСЕЛЬНЕ МОДЕЛЮВАННЯ ПОШИРЕННЯ
АТМОСФЕРНИХ ЗАБРУДНЕНЬ IЗ ВИКОРИСТАННЯМ

МЕТОДУ СКIНЧЕННИХ ЕЛЕМЕНТIВ

Розглянуто стацiонарну модель дифузiї–адвекцiї–реакцiї для опису просторо-
вого розподiлу атмосферних забруднень та її чисельну реалiзацiю на основi
методу скiнченних елементiв iз адаптивним згущенням сiтки. На основi мо-
делi розроблено iнтерактивний додаток для моделювання поширення концен-
трацiї домiшки на деякiй дiлянцi земної поверхнi з врахуванням актуальної
iнформацiї про вiтер.
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