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The article presents the method of identifying the parameters of a dynamic dispersion
calculation model SUSUPLUME. It is supposed that the model parameters contain not
only the characteristics of the atmosphere and the pollutant, but also information about
the influence of other particular conditions such as terrain, building, background, etc. The
model parameters are configured based on instrumental measurements of concentrations of
pollutants in the atmospheric air in the surface layer (2 meters above ground level). Three
identification strategies are considered: identification of parameters by all measurements,
identification of parameters by measurements of a given source and identification of
parameters using another approved model. A method for weighing these strategies is
proposed in the issue. The article also provides objective functions for optimization criteria,
an acceptable set of parameters, an algorithm for solving an optimization problem, a decision
tree of a feasible set and a global optimization algorithm.

Keywords: SUSUPLUME model; global optimization; ecology; propagation of pollutants

in the atmosphere.

Introduction

The economic activity of industrial enterprises is associated with the probability of
damaging the environment. Currently, most of them do not have operational analysis
systems to control environmental risks.

The authors have created a software system “Ecomonitor” for industrial enterprises,
which allows you to visualize the current pollution propagation, predict the environmental
risks and identify the sources that have the greatest influence on control points in a given
area. This system is based on the developed mathematical model SUSUPLUME [1]. The
model is created for practical use, which takes into account the limited computing resources
of enterprises. The model also provides online monitoring of the spread of pollutants in
the atmosphere in real time.

Mathematical models for calculating the spread of emissions in the atmosphere are
divided into Gaussian, Lagrangian and Eulerian models [2—4]. The developed mathematical
model SUSUPLUME is a trajectory Gaussian model. There is a large number of trajectory
models around the world, the most known of which are CALPUFF [5.,6], RAPTAD
[7,8], HYSPLIT [9], RIMPUFF [10] and FLEXPART [11]|. The question of setting up
mathematical models is considered rather complicated in the practical part and the
methodology of determining the model parameters depends on their accuracy and the
scope of their use.
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The most common approach to find model parameters is to determine physical
quantities based on instrumental measurements. For example, meteorological parameters
and the dimensions of the calculated grid can be involved. Another method of finding
parameters is to find the coefficients characterizing the operation of emission sources.

In this article, the authors describe the implementation of the algorithm of determining
the parameters of the SUSUPLUME model based on measurements of concentrations of
pollutants at control points in the atmospheric surface layer. It is supposed that the model
parameters contain not only the characteristics of the atmosphere and the pollutant, but
also information about the influence of other particular conditions.

1. A Pollution Propagation Model from Point Sources

The SUSUPLUME model [1] is presented briefly in this section. Let the concentration
of pollutants at point (z,y,2) at time ¢ be written as C (z,y, 2,t) = /le]il Ci (z,y, 2, 1),
where C; is the concentration created by the i-th source, N is the total number of point
sources, k is the coefficient of the model, which describes the conditions of pollutants
accumulation. The concentration of pollution generated by the i-th source can be described
by the relation
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where D is the diameter of the concentration calculation area, t,,;, is the minimum wind
speed, my;(tp) is the pollutants intensity created by the i-th source at time ty, 04,0y, 0,
are functions which describes the diffusion rate of pollutants depending on time. These
functions can be calculated as
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where (u,v) is the vector of wind direction depending on time.
The movement of center of mass of the single emission in the horizontal plane is
described by the relations
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where (x;,y;) are the coordinates of the i-th source. The height of the single emission can
be written as
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where h; is the height of the i-th source, w; is the initial vertical speed of single emission
from the mouth of the i-th source, m, is the mass of single emission, m, is the mass of
displaced air, i is the viscosity coefficient, which describes the dependence of the medium
resistance to the movement of the single emission, 7, is the air temperature, Tj is the
temperature of the single emission, M, is the molar mass of the air, M, is the molar mass
of the single emission.

2. Problem of the SUSUPLUME Model Parameter Identification

There are many models of pollution propagation in the atmosphere. Most models
are calibrated on a large amount of raw data. To improve the accuracy of the models,
researchers introduce additional factors into consideration in order to take into account
the relief, building and other characteristics. Such models work well, but at some points
they will give an essential error, since the calibration of the model is carried out for the
entire set of data.

Three strategies can be used to calibrate the SUSUPLUME model. The first strategy is
standard calibration for the entire set of data. This implies the presence of a large number
of real measurements at various locations and conditions for measuring concentrations.
The second strategy involves calibrating the model based on data from only one location
and involves a large number of real measurements for one specific point/area. The third
strategy involves calibrating the SUSUPLUME model based on the results of another
model simulation.

Using a combination of these strategies allows you to determine a set of parameters for
the SUSUPLUME model, which will either be as accurate as possible at some point/area,
or simulate all available measurements (requirements of normative models).

Simultaneous consideration of all three strategies leads us to the problem of multi-
criteria optimization, for this reason we will use the following weighted criterion to
determine the appropriate strategy

F (x) =wy fi (x) +ws fo (z) +ws f3 (2)

where wy, ws, ws € [0; 1] are the weights of strategies and fi (), fo(z), f3(z) : R* - R
are the objective functions for each strategy.

3. Objective Functions for Optimization Criteria

Let (z;,y;, z;) be the point coordinates, where the measurements were made, ¢; is the
time of the j-th measurement, = is the model parameter vector. Let ¢™°**(x;,y;, 2;,1;)
be the measurements of pollutants and cm"d(x,xj,yj,zj,tj) be the model calculations.
Suppose we have M measurements. Measuring concentrations devices of pollutants have
a number of features:

1. The measurement error is about 20-25%.

2. Each pollutant has its own approved threshold limit value (TLV). Concentration
values of less than 1% TLV, as a rule, go beyond the measuring range of devices.

3. The measuring range of the device gains concentration values within the same order,
but it can vary significantly more.

To solve the calibration problem, it is proposed to use several criteria that may be
relevant in various situations.
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1. Using the standard deviation criterion which can be written as

Z meas 2 (1>
7=1
This criterion may be relevant if all measurements are in the measuring range of the device
or they are received from another model.
2. Using the average absolute deviation criterion which can be calculated as

1 M
=7 > |t (2)
j=1

This criterion improves the previous one and can be used for the same conditions if there
are significant pollutants.
3. Using the average relative deviation criterion which can be described by the relation

mod cmeas

Z meas ' (3>

This criterion can be applied only when all measurements are within the measuring range
of the device.

4. As for the SUSUPLUME model, the objective function of the standard deviation
can be improved by finding the coefficient k analytically. Let us describe the objective
function with the coefficient
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Then the objective function (4) can be calculated as
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5. Using the quadratic residual. Let us describe the sets of measures: A = {j[c["** <
a;}, where a; is the lower measure limit of the device for the j-th measurement, B =
{jlejreas < b;}, where by is the lower measure limit of the device for the j-th measurement,
C = {jla; < ¢j**** < b;} which is a set of measures in range of device limits. While using
the third strategy, a; can be set as 0.01TLV and b; can be infinite. Then the objective
function can be written as

f(x):% (Z((aj—c;md) )+Z o) +Z( mod—b;) )2> (6)
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6. Using the average absolute residual. The function can be described as
1 mod mod meas mod
Fle)=4; <Z (a5=c*t) D =™+ > _ (c] —bj)+> - (7)
jEA jeC jEB
7. Using the average absolute residual. This can be estimated as
mod meas mod b

) =17 Z@_C;m)* 519 mea: Lyl C®

jeEA jec jEB

The quality of the model is commonly evaluated by criterion (8), however, the use of
this criterion for optimization algorithms is rather complicated. Initially, the function is
non-smooth in the parameter space. There are also sums in the objective function that
can be equal to zero.

Based on these considerations, the search for a solution is done in three stages: fitting
parameters using a differentiable function (5), solving the problem using function (6) and
solving the problem using function (8).

4. The Set of Admissible Parameters

It is assumed that the following identification parameters will be used for the
SUSUPLUME model: molar mass of the gas-air mixture M, € [3;150] and the parameters
of a single emission dynamics pu,y € [10_5; 10], sA,sC € [10_6; 10], sB,sD €
[10_8; 10_3], k € [107°;10°]. Some values have a linear scope, and some values are
logarithmic. Therefore, variables with a logarithmic scope are optimized linearly, which is
achieved by using the appropriate functional transformation.

The found optimal parameters may have no physical meaning and only describe the
dynamics of the emission. If, after solving the problem, the parameters were on the border
of the acceptable domain, then this domain should be expanded taking into account the
physical meaning.

5. Solving the Optimization Problem Algorithm

Since the problem of selecting the parameters of the SUSUPLUME model is
multidimensional and multi-extreme, it requires the use of multi-extreme optimization
algorithms. It takes low time to count the objective function, as the calculation can be
effectively parallelized. A parallel multistart algorithm in a hyperparallelepiped will be
used to solve this problem.

The multistart algorithm is applied as a global optimization algorithm and the
BOBYQA algorithm is used as a local optimization algorithm [12]. For guaranteed
convergence of the global optimization algorithm, it is required to guarantee that the
set of starting points for the BOBYQA algorithm is everywhere dense in X. A decision
tree of feasible set will be used to apply the convergence.

6. A Dicision Tree of Admissible Set

Let us describe a decision tree of admissible set of parameters and the basic operations
with this tree.
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A decision tree of admissible set is a binary tree which consists of vertices that represent
a hyperparallelepiped in a d-dimensional space. The vertex of the tree represents the entire
admissible set X. The descendants of a vertex always represent two hyperparallelepipeds
of dimension h mod d+1 (h is the level of the vertex in the tree (counting from the root))
which are obtained by splitting the hyperparallelepiped in half. The entire admissible set
is always represented by the union of all the leaf nodes.

The operation of saving a point (a point where the calculations are done) consists of
finding a leaf in the current tree in which the calculated point lies and saving it in this
leaf. Such a leaf always exists and is the only one. The execution time of this operation is
O(log(S)), where S is the total number of leaves in the tree.

The operation of selecting the next point is more complicated. A hyperparallepiped
with the largest diagonal is found. If this hyperparallepiped does not contain saved points,
then the center of this hyperparallepiped is returned as an answer.

If the hyperparallepiped contains saved points, then it is divided into two descendants
according to the rules described above and all the points saved in it come down into its
descendants. The selection of the leaf with the maximum diagonal is repeated again. The
search time of the leaf with the maximum diagonal is O(log(95)).

7. Global Optimization Algorithm

The parallel multistart algorithm consists of the following steps:

Step 0. Set the number of parallel calculations. Let this number be P.

Step 1. Select P starting points for the BOBYQA algorithm from the decision tree of
an admissible set.

Step 2. Run the BOBYQA algorithm for each selected point.

Step 3. Save all the points at which the BOBYQA algorithm calculated the value of
the objective function in the decision tree of an admissible set.

Step 4. If the calculation time has exceeded the limit for calculation, then stop the
algorithm.

The proposed algorithm makes it possible to construct an everywhere dense sequence of
initial points. This is achieved because the sizes of hyperparallelepipeds decrease uniformly
and an empty hyperparallelepiped with the maximum diagonal is always selected.
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AJITOPUTM NAEHTUNOPUNKAILINN ITAPAMETPOB MO/IEJIN
PACITPOCTPAHEHUY SATPASHEHNA B ATMOCPEPHOM
BO34YXE SUSUPLUME

C.M. Eacaxos', .A. Hdposun', A.A. Bamviwasesa, A.Il. Bacmaros?,
B.A. Cypun', A.B. I'epenwmetin', C.I. Huuxas'

'TO2kH0-Ypasbekuit rocyapeTBeHHbli yHUBEPCUTET, I. e aa01HCK,
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B crarbe pejicTaBien MeTo L HAEHTH(MUKAIINT TAPAMETPOB JIMHAMUYIECKON MOJIENIA Pac-
qera paccenBanuit SUSUPLUME. Ilpeanosiaraercst, 9To mapamMeTpbl MOJEIN COIAEPXKAT He
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TOJILKO XaPaKTEPUCTUKHU ATMOCKEPHI U 3aTrPA3HSIONINX BEIIEeCTB, HO U HHPOPMAIIIO O BJIH-
AHUW JIPYTUX YCJIOBUM, TAKUX KaK TUI MECTHOCTH, 3acCTpoiika, ¢pon u T.1. Hacrpoiika ma-
pPaMeTpPOB MOJIEJIN OCYIIECTBJIAETCH Ha OCHOBE HHCTPYMEHTAJIbHBIX 3aMePOB KOHIIEHTPAITUit
3arpA3HAIONINX BEMIECTB B ATMOCHEPHOM BO3yXe B IPU3EMHOM ¢J10€e (2 MeTpa HaJ| yPOBHEM
3eMyin). PaccMaTpuBalOTCs TPU CTPATEru UAeHTU(DUKAIMN: UACHTU(DUKAIUS TADAMETPOB
[0 BCEM HM3MEpEeHUsiM, UIAeHTU(MUKAIUS IapaMeTPOB 10 U3MEPEHUSIM 3aaHHOTO UCTOYHU-
Ka U UIeHTUPUKAIIASA TapaMeTpOB Ha OCHOBE JIPYTroil yTBepxKIeHHO#N Mmozenu. B Tperbeit
CTPaTEruu IPeJIaraeTCs UAeHTUMUIINPOBATH IAPAMETPBI MOJIEJN TAK, YTOOBI MOJIED ObLIa
MaKCUMAaJIbHO TIOX02Ka HA YTBEPKJICHHYIO MOJIEb. TaKKe MPeIozKeH METO/ ] B3BEITUBAHUS
THX cTpareruii. B crarbe Tak»Ke IpeicTaBiIeHbI IeJIeBble (DYHKIMHU Jjis KPUTEPUEB OITH-
MU3BAIMH, MHOYXKECTBO JIOIyCTHUMbIX HAOOPOB MMapaMeTpOB, aJrOPUTM PENIeHUs] OINTHMU3a-
[IMOHHON 3a/1a9M, I€PEBO PEIIeHuil JIs JOIMYCTUMOIO MHOXKECTBA U AJTOPUTM IVIODAIBLHOMI
OITUMUBAINAHN.

Karuesvie crosa: modeav SUSUPLUME; 2406a4vHa58 ONMUMU3AUUSA; IKOAOUS, PAC-

NPOCMPAHEHUE 3A2PAZHAIOUUT BEULLCTNE 8 AMMOCHEPHOM 8030YTe.
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