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ABSTRACT

Computational experiments were carried out using the WRF model version 4.2. The influence of different sets of
parameterizations on the results of calculating the surface values of air temperature, wind speed and direction is
considered. A set of parameterizations providing the best accuracy of numerical prediction (with a resolution of 1 km) of
local meteorological characteristics for the conditions of Western Siberia, is selected. It was found that the set of
parameterizations affects the simulation quality, but it is not the main aspect in ensuring prediction accuracy. To test the
WRF model, the observations obtained using meteorological instruments of the JUC Atmosphere of the V.E. Zuev
Institution of Atmospheric Optics SB RAS, the airfield information and measurement system of the Tomsk Airport, and
the Tomsk weather station were employed.
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1. INTRODUCTION

At present, in the development of weather forecasting technologies, it is still necessary to increase the detail and develop
the physical content of models adapted to different regions, together with the widespread use of numerical
meteorological predictive models differing in terms of territory, prediction period, and mathematical approaches. The
prediction of weather conditions in cities, where the majority of the population, social, economic, and strategic objects
are concentrated, is especially important.

Tomsk State University is working on the numerical modeling of meteorological conditions and atmospheric pollution in
the Tomsk district using the models created by the Laboratory of Computational Geophysics and publicly available
models. One such model is the WRF mesoscale model [1], which can be used for any territory, and, therefore, allows a
choice of different parameterizations of physical processes and configuring them in accordance with specific conditions.

Earlier [2-3], using the WRF model version 3 [1], predictions of the state of the atmosphere for separate seasons and
weather conditions were carried out for different parameterizations. Satisfactory results of its use in the conditions of the
Siberian region were obtained and shortcomings in terms of accuracy of the prediction of individual meteorological
values were identified. With the improvement of the WRF model, there is an increasing number of proposed physical
parameterizations that offer more adequate consideration of atmospheric processes at the subgrid scale.

This study aims to investigate the impact of different parameterizations on the prediction accuracy and the selection of
sets of parameterizations which allow getting the best results of the prediction of air temperature and wind in the area of
the city of Tomsk using the WRF model of the latest version 4.2, 2018 [4]. In this paper, when evaluating the accuracy of
predictions, special criteria are used to assess the quality of the model.

Modern prediction models of high spatial resolution include different variants of the representation of subgrid physical
processes which differ in the depth of description of real conditions occurring in the atmosphere. The main factors
complementing the basic system of equations are atmospheric turbulence, atmospheric moisture, radiation, soil, and
orography. Urban areas are considered a special part of the earth's surface, which is different from other areas in terms of
orography, the nature of the underlying surface, radiation, temperature and humidity, and dynamic characteristics. The
city is also a source of heat generation.
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A detailed description of the methods for the parameterization of subgrid processes is given in the User's Guide [4]. A
fairly complete description of the physical blocks for the WRF model version 3.6.1, which can be used in other models,
is given in [5]. It examines the impact of the sets of parameterizations on the accuracy of simulation for Montreal,
Canada.

2. MATERIALS AND METHODS

2.1 Features of the WRF model implementation

In this paper, the influence of different sets of parameterizations of physical processes on the accuracy of calculations of
meteorological conditions (air temperature at 2 m above the ground, wind speed and direction at 10 m above the ground)
is studied for the Tomsk district. The calculations were carried out using the WRF model version 4.2 [4]. Based on the
National Center for Environmental Prediction (NCEP) GFS 0.25 Degree Global Forecast Grids Historical Archive
(ds084.1) reanalysis data, the initial and boundary meteorological characteristics and geodetic parameters on the
calculated grid covering the study area were obtained using the programs of the WPS model preprocessing system.

The dimensions of the simulation area are 450x450 km (the geographic coordinates of the area center, 56.5° N, 85° E,
coincide with the city center) with two nested subdomains with dimensions of 150x150 and 50x50 km (figure 1). The
grid spacing for the areas is 9, 3, and 1 km, respectively. In the vertical direction, 41 calculating levels were studied. The
calculations were carried out over a 24-hour time period, the acceleration time of the WRF model was 24 hours, and it
was not taken into account in the analysis.
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Figure 1. The simulation area.

When conducting the calculations, the following types of parameterization of subgrid processes available in the WRF
model were taken into account: microphysics of moisture (mp_physics), long-wave radiation (ra_lw_physics), short-
wave radiation (ra_sw_physics), surface layer (sf_sfclay_physics), land surface (sf_surface_physics), planetary boundary
layer (bl_pbl_physics), cloud cover (cu_physics), urban surface (sf_urban_physics). Each type contains several variants
for choosing parameterizations, from simple to complex.

Eleven combinations were used with a different choice of parameterizations of subgrid processes, and a prediction of
meteorological values was made for each set. The simulation was carried out for two dates, winter (December 16, 2015)
and summer (July 18, 2015). It should be noted that the selected schemes of parameterization of the microphysics of
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moisture, cloud cover, and urban sublayer remained unchanged in all calculations. The choice of parameterizations
aimed to find the best set for simulation of the boundary layer and its interaction with the surface layer. Therefore,
different versions of turbulence models for the planetary boundary layer, the surface layer, and long-wave and short-
wave radiation were considered.

2.2 Measuring system

To assess the actual state of the atmosphere, various measuring instruments located in the city and the nearest suburb of
Tomsk were used. The measurements were carried out in 4 sites (figure 2).

-25

Figure 2. Terrain of the research area (terrain elevation above sea level, m) with the location of the observation sites (yellow
— observation sites, blue — water, light gray — shrub or grassland, green - forest, red - urban development). The dimensions of
the area are in km.

- The IAO observation site ("IAO"). The 1AO observation site is located on the laboratory building roof of the
IAO SB RAS (the eastern outskirts of the city of Tomsk, Akademgorodok). The MTR-5 temperature profiler [6]
and the Meteo-2 ultrasonic weather station (UWS) [7] were used to measure the meteorological values. The
height of these devices above the roof level is 5 m (17 m above the underlying surface level). MTR-5 carries out
air temperature measurement from the placement level to the level of 1,000 m with a vertical spacing of 50 m
and a time step of 5 min. The UWS measures the air temperature and relative humidity, atmospheric pressure,
and wind vector components at the location point at a frequency of 10 times per second.

- Basic Experimental Complex IAO SB RAS ("BEC"). It is located in the nearest suburb of Tomsk, to the east of
the city center. Natural landscape (a large clearing surrounded by woodlands) with several one-story buildings.
The Meteo-2 UWS (BEK UWS) located at a height of 10 m above the underlying surface level was used to
measure the meteorological values.

The IAO observation and the Basic Experimental Complex (BEC) of the JUC Atmosphere of the V.E. Zuev
Institute of Atmospheric Optics of the Siberian Branch of the RAS.

The data averaged over the last 10 minutes of each hour were used to compare with the calculations.

- Bogashevo Airport ("Aeroport") is located in a suburb 18 km southeast of the city center. Natural landscape
with several office and residential buildings. The measuring complex, AMIS-RF airfield meteorological
information and measurement system, comprises standard instruments for monitoring meteorological values.
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Hourly observations were used for the above sites.

- Tomsk hydrometeorological station ("GMC") is located in the southern part of the city and carries out standard
meteorological observations 8 times every 24 hours.

Owing to the features of the observations, a comparison of the results of calculations of air temperature (T2) was
performed for all 4 sites where meteorological observations were carried out. A comparison of calculations and
observations of wind speed (Wind10) and wind direction (WDir10) was performed for 2 sites ("IAO" and "BEC").

2.3 Meteorological conditions during the experiment

On July 17-18, the territory adjacent to Tomsk was located on the western periphery of the anticyclone. The weather was
clear and hot with light (1 m/s) north-east-east wind and good visibility. The extreme temperatures were 15 °C (07:00)
and 29 °C (19:00). The pressure decreased from 745 to 740 mm Hg during the day. The relative humidity was 70-80% at
night and 30-40% during the day.

On December 15-16, the territory was located on the axis of the ridge, the center of the anticyclone was located several
hundred km to the east. The weather was cloudy with occasional showers of slight snow (from 07:00 to 18:00). The wind
was light (up to 1 m/s) and south at the beginning of the period, but at the end, it changed to north-east. The visibility
fluctuated from 10 km (in the case of precipitation) to 20 km. The temperature during the day was -8-9 °C, which was
higher than the climatic norm without a pronounced daily course. The pressure decreased from 757 to 752 mm Hg at the
end of the day. The relative humidity was 85-90%. In the surrounding area, uniform dry snow was observed in natural
conditions.

2.4 The errors for different combinations of physical parameterizations.

The error analysis of the WRF model was carried out for the third internal calculation area with a size of 50x50 km. A
set of generally accepted indicators for assessing the quality of a prediction of meteorological values was considered [8-
10].

In this paper, the accuracy of the prediction of meteorological values was estimated by the following characteristics:

- The BIAS arithmetic mean (systematic) is a systematic overestimation or underestimation of the predictive
value relative to the actual value:

BIAS = %i(lﬁ -0) 1)

i=1

- The MAE (mean absolute error) of the prediction which characterizes the average value of the error without
taking into account its sign (with an accuracy of 0.1):

N
MAgzizyFi =l @)
N

- The RMSE (root-mean square error) of prediction is the average deviation of the value calculated using the
model from the one actually observed:
1 ?
RMSE = WZ(Fi—oi) ®3)
i=1
- R correlation coefficient between predictive and actual series:
N
Z(FI - Fs)(oi _Os)
i=1
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The following notation is used in the formulas: N — the number of predictions; F;, O; — the predictive and actual
(measured, observed) meteorological values, respectively; Fs, Os — average value.

Obviously, such a large number of indicators allow the identification of different details in the errors of simulative
predictions.

3. RESULTS

3.1 The used sets of parameterizations

Eleven calculations were carried out with different sets of parameterizations of physical subgrid processes on the
considered summer (July 18, 2015) and winter (December 16, 2015) dates. The selected sets were the same for both
dates. They are shown in Table 1.

Table 1. Variants of sets of physical parameterizations used in calculations.

Parameterizations | 1 2 3 4 5 6 7 8 9 10 11
mp_physics 6 6 6 6 6 6 6 6 6 6 6
ra_lw_physics 1 1 1 1 4 14 4 4 4 4 14
ra_sw_physics 1 1 1 1 1 14 1 1 1 1 14
sf_sfclay_physics 1 2 5 2 2 2 2 10 1 1 2
sf_surface_physics 2 2 2 2 2 2 2 2 2 2 3
bl_pbl_physics 1 2 5 8 2 2 9 10 11 12 2
cu_physics 1/0/0 | 1/0/0 | 1/0/0 | 1/0/0 | 1/0/0 | 1/0/0 1/0/0 1/0/0 | 1/0/0 | 1/0/0 | 1/0/0
sf_urban_physics 0 0 0 0 0 0 0 0 0 0 0

The numbers in the table indicate the selected variant of the corresponding parameterization from those available to the
model [4]. An explanation to the table is given below.

Parameterization of the microphysics of moisture (mp_physics): 6 — WSM6 scheme was used in all calculations. The
WRF Single-Moment 6-class (WSM6) scheme (mp_physics = 6) is 6-class microphysics of moisture scheme. It
considers 6 classes of atmospheric moisture states (water vapor, cloud moisture, rain moisture, ice particles, snow, sleet
(hail)) [11]. This choice is based on the results of the work [2].

Parameterization of long-wave radiation (ra_lw_physics): 1; 4; 14. The Rapid Radiative Transfer Model (RRTM)
scheme (ra_lw_physics = 1) is a scheme which uses reference tables for absorption efficiency. It takes into account
several radiation bands and classes of the microphysics of moisture. To calculate the volume scattering coefficient, the
following values of the concentration of gas impurities CO, are used: ppm, N,O ppm, and CH, ppm (ppm — parts per

million) [12]. The RRTMG scheme (ra_lw_physics = 4) is a new version of the RRTM scheme. It includes MCICA
(Monte-Carlo Independent Column Approximation), the random cloud overlap method. For the main components of gas
impurities CO, =379, ppm, N,0=0.319 ppm, and CH, =1.774 ppm are used [13]. The RRTMG-K scheme

(ra_Ilw_physics = 14) is an improved version of the RRTMG scheme. For a more efficient and accurate calculation of the
radiation flux, improvements were made in two aspects: the integration of the radiation transport equation over space and
angle [14].

Parameterization of short-wave radiation (ra_sw_physics): 1; 14. The Dudhia scheme (ra_sw_physics = 1) is asimple
integration through the atmosphere from top to bottom which provides a good account of the effective absorption and
scattering of radiation by clouds and in clear sky [15]. The RRTMG-K scheme (ra_sw_physics = 14) is an improved
version of the RRTMG scheme, added starting from the WRF model version 4.0 [14].

Parameterization of the surface layer (sf_sfclay_physics): 1, 2, 5, 10. A revised MM5 surface layer scheme using the
Monin-Obukhov similarity theory [16] (sf_sfclay_physics=11 before the WRF model version 3.6, and renamed into
sf_sfclay_physics=1 starting from the WRF model version 3.6) with the removed constraints and updated empirical
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stability functions. This parameterization was added starting from the WRF model version 3.4 [17]. Starting from the
WRF model version 3.7, the model's computational code is accelerated to provide synchronization similar to the old
MMS5 scheme. The thermal and humidity roughness lengths (or heat and moisture exchange coefficients) over the ocean
were changed to the COARE 3 formula [18] starting from the WRF model version 3.7. The ETA scheme
(sf_sfclay_physics=2) is based on the Monin-Obukhov similarity theory with the thermal roughness length by
Zilitinkevich and standard similarity functions from reference tables [16]. The Mellor-Yamada-Nakanishi-Niino
(MYNN) surface layer scheme (sf_sfclay_physics=5) is proposed for parameterizing the planetary boundary layer (PBL)
of Nakanishi and Niino. It was added to the WRF model starting from version 3.1. The Total Energy — Mass Flux
(TEMF) surface layer scheme (sf_sfclay_physics=10) is proposed for parameterization of the planetary boundary layer.
It was added starting from the WRF model version 3.3 [19].

Parameterization of heat and mass transfer in soil (sf _surface physics): 2, 3. The Noah land surface model
(sf_surface_physics=2) is a single NCEP / NCAR scheme with numerically predicted soil temperature and humidity in
four layers, partial snow cover, and frozen soil physics. Starting from the WRF model version 3.1, new modifications
were added to improve the representation of processes over ice sheets and snow-covered areas [20]. The Rapid Update
Cycle (RUC) land surface model (sf_surface_physics=3) is a parameterization which uses a layered approach to solving
the balance equations, where the fluxes of atmospheric heat and mass and the fluxes of soil heat and mass are evaluated
in the middle of the first atmospheric compute layer and upper soil layer, respectively, and these fluxes change the
accumulation of heat and moisture in the layer covering the Earth's surface. Currently, RUC uses 9 levels in the soil with
a higher resolution near the boundary with the atmosphere [4].

Parameterization of the planetary boundary layer (bl_pbl_physics): 1, 2, 5, 8, 9, 10, 11, 12. The Yonsei University
scheme (bl_pbl_physics = 1) is a non-local K-scheme with an explicit boundary layer separation and a parabolic K-
profile in an unstable mixed layer [21]. The Mellor-Yamada-Janjic scheme (bl_pbl_physics = 2) is an operational
scheme of the ETA model which uses the one-dimensional predictive equation of the turbulent kinetic energy (TKE)
with local vertical mixing [22]. Parameterization of the Mellor-Yamada-Nakanishi-Niino Level 2.5 PBL (bl_pbl_physics
= b5) predicts the conditions for generation and dissipation of the subgrid TKE (the transition of part of the energy of
ordered processes to the energy of disordered processes, and, eventually, to heat). It was added starting from the WRF
model version 3.1 with a significant update in the WRF model version 3.8 [23]. The Bougeault-Lacarrére PBL scheme
(bl_pbl_physics = 8) is a variant of parameterization with a numerical TKE prediction. It was added starting from the
WRF model version 3.1. It is intended for use with the urban BEP (Building Effect Parameterization) model [24]. The
UW scheme of Bretherton and Park (bl_pbl_physics = 9) is a numerical TKE prediction scheme taken from the CESM
climate model. It was added starting from the WRF model version 3.3 [25]. The Total Energy — Mass Flux (TEMF)
scheme (bl_pbl_physics = 10) considers the predictive variable of the subgrid total energy and shallow convection akin
to mass flow. It was added starting from the WRF model version 3.3 [26]. The Shin-Hong scheme (bl_pbl_physics = 11)
includes a scale dependence for vertical transition in the convective planetary boundary layer (PBL). Vertical mixing in a
stable PBL and a free atmosphere is simulated as in the YSU scheme (bl_pbl_physics = 1). This scheme also diagnoses
TKE and mixing length output. It was added starting from the WRF model version 3.7 [27]. The Grenier-Bretherton-
McCaa scheme (bl_pbl_physics = 12) is a scheme for numerical TKE prediction. It was tested in the cases of cloud PBL.
It was added starting from the WRF model version 3.5 [28].

Parameterization of cloud cover (Cu_physics): 1 — the Kain-Fritsch scheme for a large area, for the second and third
nested areas, cloud cover was resolved explicitly. The Kain-Fritsch scheme (cu_physics = 1) is a subgrid scheme of deep
and shallow convection which uses a mass flow approach with descending flows and a Convective Available Potential
Energy (CAPE) removal time scale [29]. It is used for calculations with a horizontal grid step of >5km.

Parameterization of processes in the urban sublayer (sf_urban_physics=0) was not considered due to the absence of
information on the distribution of urban land use categories (Low density residential, High density residential,
Commercial) for the city of Tomsk.

3.2 The calculation results for the summer date of July 18, 2015

The results of numerical predictions of air temperature, wind speed and direction for sets of parameterizations 1-11 at
two observation sites are presented in figures 3 and 4. The time here and further on is local. Good correspondence of the
time course of the calculated and actual meteorological values can be noted. The air temperature is accurately predicted
for three sites, with the exception of the GMC site, where there is an underestimation of the temperature during the day,
especially during the daytime. This is most likely due to the more significant influence of the river in the WRF numerical
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calculations. The model slightly overestimates the wind speed at the sites at night. Synchronous wind direction data
indicate a good agreement between the calculated and measured values. It can be noted that Variant 11 offers a slightly
worse prediction of air temperature.
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Figure 3. Calculated (lines) values of T2 surface temperature at an altitude of 2 m, Wind10 horizontal wind module, and
WDir10 direction at an altitude of 10m in the selected sites (IAO and BEC). The icons indicate observations.
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Figure 4. Predictive and actual air temperature profiles for the IAO point for the summer date of July 18, 2015. The sets of
parameterizations 1-11 are used in the calculations.
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Figure 4 shows the actual and calculated vertical profiles of the air temperature up to a height of 500 m at the 1AO site.
The data is presented for different times of day for sets 1-11. In general, the model adequately predicted the presence of
an inversion layer at night (00:00) and in the morning (06:00). It can be noted that for 00:00, the best results in the entire
layer are provided by Variant 2. An excellent match of the calculated and measured profiles was obtained for 18:00 using
Variant 1. At other times, different sets provide similar and quite satisfactory results with the difference at individual
altitudes not exceeding 2°C. It should also be noted that with the same patterns, Variant 11 is prominent because it
provides the worst results.

3.3 The calculation results for the winter date of December 16, 2015

Similar calculations for December 16, 2015 are shown in figures 5 and 6. The air temperature in all observation sites
(including the GMC site) was calculated with acceptable accuracy.
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Figure 5. Calculated (lines) values of T2 surface temperature at an altitude of 2 m, Wind10 horizontal wind module, and
WNDir10 direction at an altitude of 10m in the selected sites (IAO and BEC). The icons indicate observations.

In general, different sets of parameterizations "work™ differently in different sites. Variants 1 and 3-10 showed slightly
better results on temperature. The worst result was for Variant 11, which underestimates the calculated temperature.
Variant 2 tends to overestimate the temperature. As for the wind characteristics, all the variants adequately reflect the
real wind and provide approximately equal values for all sites. All sets of parameterizations demonstrate an adequate
representation of the vertical temperature profile, with some differences. All the variants tend to overestimate the
temperature above 200 m. Variant 11 shows the worst results for the lower layer (50 m) and underestimates the
temperature by up to 4°C. Such errors are observed at 06:00, 12:00 and 18:00, with the results getting better at night

(00:00).
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Figure 6. The predictive and actual air temperature profiles for the IAO site for the winter date of December 16, 2015.

3.4 Estimation of the model errors for different sets

To select the best sets of parameterizations of subgrid physical processes after calculating all the errors (BIAS, MAE,
RMSE, R), the criteria (boundaries) were chosen that can indicate whether the result of the calculations is satisfactory or
not. In general, they are consistent with the general approaches to evaluating predictions [8-10], and are more stringent in
our opinion.

A justification of the criteria for air temperature and wind speed is given below. The square mean error, which strongly
depends on the spread of predictive and actual meteorological values, is always the largest of the three considered errors
(BIAS, MAE, RMSE). Therefore, the RMSE value <2 °C or m/s is a rather stringent criterion for evaluating the quality
of the agreement between the numerically predicted and measured temperature or wind speed values. The mean absolute
error (MAE) takes into account the spread of values to a lesser extent, therefore, it was taken smaller (MAE<1.5 °C or
m/s). The BIAS systematic error takes into account both positive and negative differences and is even smaller in total (in
absolute value). Therefore, the margin for BIAS<1 °C or m/s is also logical.

Table 2. The results of the analysis of statistical errors for the summer date (July 18, 2015).

Meteorological | The site showing | Criteria showing
. Worst Errors for
value, quality better/worse better/worse Best sets
e sets the best set
criteria results results
T2, °C AEROPORT, IAO, | R/BIAS 4, 6 (meet all|11,8,3 BIAS=0.72
ABS(BIAS)<=1 | BEC/GMC criteria) MAE=0.75
MAE<=15 Satisfactory RMSE=0.98
RMSE<=2 7,5 2,1, 9 10 R=0.99
R>=0.90 (meet the criteria,
except for BIAS)
Wind10, m/s BEC/IAO BIAS, RMSE/R, | 2-7 8,11 BIAS=-0.13
ABS(BIAS)<=1 MAE MAE=1.62
MAE<=1.5 RMSE=1.72
RMSE<=2 R=0.72
R>=0.7
WDir10, deg. IAO/BEC - 1,3,9-10 Not BIAS=3.2
MAE<45 expressed | MAE=12.0
explicitly | RMSE=14.3
R=0.03
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Note: the suite numbers are listed in descending order of quality for the best ones and ascending quality for the worst
ones.

It is proposed to take the value of MAE<45 degrees as a criterion for the horizontal wind direction because of its large
instability due to the influence of many factors (roughness, relief, and stratification of the atmosphere). It means that a
deviation of less than 1 rhumb from the actual wind direction is considered acceptable. The critical value of the
correlation coefficient for air temperature is assumed to be 0.90, and 0.70 for wind speed, which has a greater variation
in space.

Tables 2 and 3 show the results of the analysis of errors in the WRF numerical predictions for different sets of
parameterizations according to these criteria for the summer (July 18, 2015) and winter (December 16, 2015) dates
indicating the observation sites and the criteria to achieve the best agreement with the observations. The best and worst
sets of parameterizations and the values of BIAS, MAE, RMSE, and R errors for the best set of parameterizations are
shown for the winter and summer dates.

Table 3. The results of the analysis of statistical errors for the winter date (December 16, 2015).

Meteorological | The site showing | Criteria showing

- Worst Errors for

value, quality better/worse better/worse Best sets

L sets the best set
criteria results results

T2, °C GMC, MAE, RMSE/R 57,9,10 11 BIAS=0.33

ABS(BIAS)<=1 | AEROPORT/BEC, MAE=0.75

MAE<=1.5 IAO RMSE=0.94

RMSE<=2 R=0.51

R>=0.90

Wind10, m/s BEC/IAO MAE, RMSE/R 2,3,5-11 | 1,4 BIAS 0.33

ABS(BIAS)<=1 Not MAE=0.55

MAE<=1.5 expressed RMSE=0.67

RMSE<=2 explicitly R=0.61

R>=0.7

WDir10, deg. IAO/BEC - 2,5-11 1,3,4 BIAS=14.2

MAE<45 Not MAE=18.1
expressed RMSE=22.8
explicitly R=0.92

The following conclusions can be drawn from tables 2-3:

- The calculation errors (for different sets of parameterizations) differ depending on the meteorological value,
season (winter or summer), site, and the selected set (suite).

- There is an obvious dependence of the model error on the selected suite of parameters (although it is not the
main one).

- The latest version of the WRF model gives significantly better results than the previous models we worked
with[2, 3, 30]. For the best suites, BIAS, MAE, and RMSE temperature errors do not exceed 1°C for both dates.
The correlation coefficient is very high for the summer date and slightly lower for the winter date (the last
column of the table).

- Interms of air temperature, the best sets on the summer date were 4 and 6, and on the winter date, those were 5,
7,9, and 10. The worst for both dates were suites 11.

- For the selected summer and winter dates simultaneously the best temperature suites are 5, 7, 9, and 10.
- Interms of wind speed, sets 2, 3, and 5 showed the best results on the considered dates.
- Interms of wind direction, suites 9 and 10 were the best on the considered dates.

- No set was found to be the best for all the considered conditions.
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Figure 7 shows the column graphs of the number of successful (satisfying the above criteria) results of comparing
numerical calculations and observations depending on the parameterization number. The figure shows that for the winter
date (December 16, 2015), the best sets are from 5 to 10 when the number of successfully meeting the criteria was higher
than 20 for each set of parameterizations. On the summer date (July 18, 2015), the number of successfully meeting the
statistical criteria of the quality of predictions is lower: 20 successful ones were achieved only for sets of
parameterizations 4 and 6, slightly fewer (19) for sets 5 and 7, and 18 for set 2. The overall best sets of parameterizations
(in descending order of the number of successful results) are 6, 7, 5, 9, and 10 for the two simulated cases of local
weather in Tomsk.

Analyzing these results, the following recommendations can be made when choosing parameterizations of subgrid
atmospheric processes in numerical modeling using the Weather Research & Forecasting system of local mesoscale
meteorological processes with a resolution of 1 km for the conditions of Western Siberia. When choosing the
parameterization of long-wave radiation in the atmosphere, RRTMG (ra_lw_physics=4) and RRTMG-K
(ra_lw_physics=14) parameterizations give the overall best results. The Dudhia (ra_sw_physics=1) and RRTMG-K
(ra_sw_physics=14) parameterizations show good results for the representation of short-wave radiation. The ETA
scheme (sf_sfclay=2), which was used in sets 6,7, 2,4, and 5, is the best for parameterizing changes in the surface layer
parameters. The use of the revised scheme of the MM5 model (sf_sfclay=1) based on the Monin-Obukhov similarity
theory also showed good results. When parameterizing turbulent processes in the planetary boundary layer, the best
agreement with observations is obtained by using the Mellor-Yamada-Janjic scheme (bl_pbl_physics=2) and the
Bretherton-Park scheme (bl_pbl_physics=9). Good results were also obtained using (bl_pbl_physics=11,12)
parameterizations.
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Figure 7. The number of successful results of meeting the established statistical criteria for the quality of the numerical
prediction using the WRF model depending on the set of parameterizations for December 16, 2015, July 18, 2015, and
overall for these two dates.
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4. CONCLUSION

The paper presents some results of comparing numerical predictions with a resolution of 1 km using the WRF model
version 4.2 and observational data for the conditions of Western Siberia. To test the WRF model, observations obtained
using meteorological instruments of JUC Atmosphere of V.E. Zuev Institution of Atmospheric Optics SB RAS, the
airfield information and measurement system of the Tomsk Airport, and the Tomsk weather station were employed. The
influence of different sets of parameterizations of subgrid processes in the WRF model on the results of the numerical
prediction of surface values of air temperature, wind speed and direction was considered. Based on the calculation of
known statistical characteristics (BIAS, MAE, RMSE, R), criteria have been designed to evaluate the quality of
agreement between the numerical predictions and observations. A set of parameterizations has been identified, which
provides a more accurate numerical prediction of local meteorological conditions with a resolution of 1 km for the
conditions of Western Siberia. It was found that the set of parameterizations affects the simulation quality, but it is not
the main aspect in ensuring prediction accuracy.
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