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ABSTRACT

Calculations made for September 2011 and 2021 using the regional model WRF-Chem. Initial and boundary
conditions for the distribution of gas component concentrations were set using the results of the calculations
from two global chemical transport models. The model used for 2011 was MOZART4, and for 2021 — WACCM.
As a result, it was shown that for 2011, the model accurately reconstructs the average daily values for carbon
monoxide and ozone concentrations. The concentrations of nitrogen oxides and sulfur dioxide shows quality
agreement of the time course. For 2021, the model shows underestimated values for both carbon monoxide and
sulfur dioxide; and, conversely, overestimated concentrations for ozone and nitrogen oxides.
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1. INTRODUCTION

Currently, chemical transport models (CTMs) are being actively developed to predict air pollution, because air
pollution levels has a direct impact on human health [1,2]. In order to get a quality forecast for pollution it is
necessary to set up CTM correctly. One of the main steps for model setting is the verification of their results
with observational data. In this work, we analyzed the simulation results with the measurement data obtained
at the atmospheric composition monitoring station ”Fonovaya” observatory.

2. MODEL AND MEASUREMENT DATA

Numerical modeling in this work performed using the regional CTM WRF-Chem v.4.2 [1]. For the study, a
rectangular domain was constructed in the Lambert projection with boundaries 55.4 - 57.5°N 82.8 - 86.18°E
(50x52x30 - longitude x latitude x altitude), the horizontal grid step was 4 km. The domain was configured this
way so that the ”Fonovaya” Observatory was located in its center, to exclude edge effects.

RACM was chosen as the chemical mechanism, which uses 77 substances [3]. In its basis are 237 reactions, 23
of which are photolytic. MADE/SOGRAM (VBS) [4,5] was chosen as the aerosol mechanism. This aerosol
mechanism provides a calculated aerosol concentration for the nucleation, accumulation, and coarse-disperse
modes. The WRF-Chem model is a regional model, and therefore it is necessary to set initial and boundary
conditions for the air chemistry to run it. To do this, we used data from calculations of the global model
MOZART4 [6] until 2020 (since data from this model are only available until 2020) and WACCM [7] after 2020.
To perform the calculations, anthropogenic emissions (including non-methane hydrocarbons) were set using the
EDGAR 4.3.2 database [8]. The distribution of biogenic sources was obtained using the MEGAN2 model [9].
Fire emissions were specified using the FINN database [10]. FNL data [11] with a resolution of 0.25x0.25° o were
used to set meteorological parameters. During calculations, the following parameterization schemes were used:
microphysics - Morrison; long-wave radiation - RRTMG; short-wave radiation - RRTMG; surface model - Noah;
boundary planetary layer - Mellor-Yamada-Janjic; cloud parameterization - Grell 3D.
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Verification of modeling results was carried out using data of gas composition measurements obtained on the
territory of the Observatory Fonovaya IOA SB RAS, which is located in the background area of the Tomsk region
(56°25’ N, 84°04’ E, 80m above sea level, http://lop.iao.ru)[12]. Calculations were performed for September
2011 and 2021. Numerical simulation results and measurement data were adjusted to the same units for easy
comparison (1g/m?) and matched in time. For verification, the average daily values of concentrations of measured
gases were used.

3. RESULTS

Results of comparison between data of simulation average daily concentrations of carbon monoxide (CO) with
data of measurements presented in Fig. 1a,b. From the data presented in the figure, it follows that for September
2011 there is a qualitative agreement between the simulation results and the actual measured values for CO.
The correlation coefficient (r) is 0.4, the root mean square error (RMSE) is 27.9 ug/m3, which means that
the model overestimates the values by 14.3 ug/m?. For September 2021, the modeling results show qualitative
agreement with the measurements (r=0.58). The model reproduces increasing concentrations that are observed
from September 4 through September 7. The results of numeral modeling averaged daily ozone (O3) concentration
are shown in Fig. 1c,d. For 2011, the model restored both its dynamics and value of O3 concentration, r=0.76,
RMSE of 10.6 ug/m?3. For 2021, the model recovered the dynamics, but showed overestimated values for
concentration, r=0.68, RMSE 17.9 ug/m3.
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Figure 1. Dynamics of CO concentration (a,b), O3 (c,d), SO2 (e,f), NO2 (g,h). (blue line - measurement data with RMSE,
orange - simulation results)

In average overestimation of concentration was by 16.2 ug/m3. The calculation results of the average daily
concentration for sulfur dioxide (SO2) Fig. 2e.f showed good agreement with the measured data for 2011, r=0.72,
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Figure 2. Dynamics of concentration SOz (e,f), NO2 (g,h). (blue line - measurement data with RMSE, orange - simulation
results)

RMSE of 3.5 ug/m3. The model underestimation of concentration averaged 3.1 ug/m3 . For 2021, the model
restored the increase in concentration on September 8 and from September 14 to 21, the concentration maxi-
mums were restored fairly accurate. The model showed background values of approximately 0.5-1 pg/m3, while
in the measurements they reached 4-4.2 pg/m3, r=0.5, RMSE of 2.8 ug/m3. The average model calculations
underestimated the concentration by 2.1. ug/m3. The verification of the model simulation results for nitrogen
dioxide (NO3) with measurement data (Fig. 2g,h) showed that in 2011 the calculation values were underesti-
mated. The model qualitatively reconstructed the time course of average daily NOs concentration. However,
the model couldn’t reconstruct the trend observed in the measurement data. The coefficient r=0.7, RMSE 4
pg/m3. On average, the values were underestimated by 3.3 ug/m3. In 2021, the model quality reconstructed
the NOy concentration dynamics, and background values were quantitatively reconstructed. The model showed
heavily overestimated values for the September 10-17 maximum, r=0.44, RMSE of 1.2 ug/m3. On average, the
model showed overestimation of concentration by 0.65 ug/m?3.

4. CONCLUSION

As a result of this research, we can conclude that WRF-Chem with the given emissions and selected parameters
qualitatively reconstructs the course of the considered gas components. For a part of substances, the quantitative
values are also restored. Further research will be aimed at correcting the bases of anthropogenic emissions using
the approaches presented in the works [13,14]
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