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ABSTRACT

In the paper, the possible use of a WRF mesoscale model for the detailed restoring of a temperature profile in the
atmosphere boundary layer (ABL) during winter anticyclone is studied. The correctness of air temperature modeling as
well as the possible use of a WRF model for predicting a vertical temperature distribution was shown.
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1. INTRODUCTION

It is essential to model a thermal structure of the atmospheric boundary layer (ABL) in order that one can forecast current
dangerous weather events. This involves inversions exerting pernicious influence on aviation (icing, foggy conditions,
ceiling zero), as well as increasing the level of anthropogenic air pollution !

Mesoscale meteorological models for local atmospheric research have been widely used in the last few years. A WRF
model is one of the general-purpose systems for the atmosphere simulation. It is efficiently used for weather forecasting
at scientific research centers and weather services all over the world and it is being continually improved %,

2. DESCRIPTION OF THE EXPERIMENT

The WRF (Weather Research and Forecasting, version 3.4.1) was applied in this study .

The model is based on the numerical method of equation solution in thermo- and hydro dynamics of atmosphere in terms

of heat-mass-exchange in the top soil or water. The prediction accuracy of ground values according to the literature

ranges from 0,85-1,5 © C . In the WRF model various representations of processes at a subgrid scale, which can be

accounted for by parametrisation, are considered. The advance time by the WRF model comes up to 24 hours.

The calculations were made in three nested scopes with the shared center at latitude 56°,5 N and longitude 85°E (the city

of Tomsk) . The first nested scope is West Siberia, the mesh size — 9 km,; the second nested scope is Tomsk region, the

mesh size — 3 km; the third nested scope is Southern Tomsk region, whose size being 50x50 km, its mesh size — 1 km *.

For the first nested scope the temporal resolution was chosen to be 10 minutes whereas for the other two it was 30

seconds. The calculated atmosphere layer ranged from the surface up to the height of 30 km, where we used a vertical

irregular grid consisting in 34 layers which grew thick towards the surface.

Finally, the appropriate parameters were selected: air temperatures at the simulated - levels in the atmosphere boundary

layer. Eventually, the predictions of air temperatures at different layers of ABL in the area of Bogashovo Airport

(Tomsk) on simulated days were obtained.

In order to carry out numerical experiments based on the WRF mesoscale model of high resolution as well as verify its

validity, the calculations were made for three days with different weather conditions:

— 13.12.2012 yr. — a daily mean temperature was —37,9° C and it was less than a normal one (anomalous cold weather);

— 26.01.2013 yr. — a daily mean temperature was—2,1°C and it was more than a normal one (thawing weather) ;

— 26.02.2013 yr. — a daily mean temperature was —17,0 °C and it was within climatological normal (climatological
normal).
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Consequently, numerical experiments were carried out for the cold months of the year, when the most unfavorable and
dangerous conditions of air pollution were created.

3. RESULTS

In this paper, the data on 4 hours of observation were analyzed (00, 06, 12, 18 local hours). The predicted profile was
compared to a real one at a given time shown by the temperature profiler MTP-5 (its sensibility makes up 0,5 °C). The

results are given in Figurel.
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Figure 1 — Vertical temperature profiles by the temperature profiler and the calculations made
by using a WRF mesoscale model

Given in table 1 are values of absolute difference (At) between measured air temperature profiles and those of calculated

by the model on the simulated days.
As can be seen, the model was valid for certain hours during the anomalous cold weather when it defined the distribution

of air temperatures at altitudes and fixed the surface inversion from the ground up to height of 300— 1000 m. The biggest
discrepancy between the real and simulated profiles (At) was observed at the heights of 200450 m. In the surface layer
(up to 150 m) the temperatures were overestimated. The least values of absolute difference for all the hours during

December 13, 2012 were marked at the heights of 600—1000 m (Table 1).
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Table 1 — Absolute difference between measured air temperate profiles and those of calculated by the model in 13.12.2012 yr.,
26.01.2013 yr., 26.02.2013 yr.

13.12.2012 yr.
Height, m
Time, UGT g 0 50 100 150 200 250 300 350 400 450 500
0 -2,1 | -3,0 | —0,8 0,5 2,1 2,8 2,9 2,9 2,8 2,8 2,3
6 1,9 -1,8 | 2,1 -0,8 1,4 2,5 3,0 2,8 2,6 2,4 2,2
12 2,6 1,0 1,3 2,2 2,9 2,7 2,4 1,8 1,1 0,4 0,2
18 29 | 2,7 | -1,0 1,6 2,7 2,6 2,7 2,6 2,2 1,8 1,3
Height, m
Time, UGT & 550 600 650 700 750 800 850 900 950 1000 -
0 1,9 1,5 1,1 0,7 0,6 0,5 0,7 0,7 0,9 1,2 -
6 1,9 1,6 1,2 1,0 1,0 1,0 1,0 1,3 1,5 1,6 -
12 -0,6 | -1,1 -1,2 | =12 | -1,0 | 0,9 | 0,8 —0,6 -0,3 0,1 -
18 1,0 0,9 0,6 0,5 0,6 0,6 0,7 0,9 1,2 1,4 -
26.01.2013yr.
Height, m
Time, UGT & 0 50 100 150 200 250 300 350 400 450 500
0 -0,2 0,1 0,2 0,2 0,5 0,5 0,6 0,4 0,2 0,0 -0,1
6 2,6 2,6 2,5 1,5 0,6 -0,3 | 1,1 -1,6 -1,9 -2,0 -2,1
12 2,1 | 23 | 22 | 22 | 22 | 2,1 | -19 -1,9 -1,7 -1,5 -1,6
18 -1,7 | -1,8 | 2,0 | 2,1 | 2,3 | 2,5 | 2,6 -2,5 -2,6 -2,7 -2,8
Height, m
Time, UGT g 550 600 650 700 750 800 850 900 950 1000 -
0 -0,2 | -0,3 | -0,5 | 0,7 | 09 | -1,1 | -1,1 -1,2 -1,3 -1,3 -
6 2,1 | 2,1 | -2,1 | 2,1 | 22 | 23 | 23 2.4 2,4 2.4 -
12 -1,6 | -1,7 | 2,0 | 2,1 | 23 | 23 | 25 -2,5 2,7 -2,8 -
18 29 | 2,8 | 28 | 28 | 29 | 29 | 29 -2,9 -2,9 -2,8 -
26.02.2013 yr.
Height, m
Time, UGT & 0 50 100 150 200 250 300 350 400 450 500
0 -14 | =12 | =12 | -14 | -1,5 | -1,5 | -1,4 -1,5 -1,4 -1,3 -0,9
6 -1,5 | -0,5 0,4 0,7 0,7 0,6 0,4 0,3 0,2 0,0 0,0
12 0,1 0,5 0,3 0,2 0,2 0,1 -0,1 -0,4 -0,6 -0,7 -0,6
18 =25 | 23 | 22 | 22| 20| -19 | -1,7 -1,5 -1,2 -0,9 -0,6
Height, m
Time, UGT & 550 600 650 700 750 800 850 900 950 1000 -
0 -0,6 | -0,4 | -0,2 | 0,1 0,1 0,1 0,2 0,2 0,3 0,4 -
6 0,0 0,0 -0,1 | =02 | -0,2 | 0,2 | -0,2 -0,2 -0,2 -0,3 -
12 -0,5 | 04 | -04 | -0,3 | -0,3 | -0,3 | -0,2 -0,2 -0,1 -0,1 -
18 -0,5 | -03 | -03 | -0,1 | 0,2 | -0,3 | -0,4 -0,3 -0,3 -0,4 —

In the event of thawing (26.01.2013 yr.) the model most realistically defined the distribution of air temperatures up to the
height of 450 m at 00 hour. It showed quite well the raised inversion with the lower boundary at the height of 200 m. At
the height of above 450 m the temperature defined by the model started gradually falling. Therefore, the difference
between a measured and simulated temperatures started inconspicuously rising (Figure 1).

The analysis of temperature profiles for 12 and 18 hours showed lapse rate as it follows from the calculations and
measurements. The model coincided with the actual temperature distribution, the temperature by the model being
decreased. The maximal values of absolute difference were marked above 800 m height. The minimal values At were
marked at the height of 400—450 m at 00 and 12 h and at the height of 200 — 250 m at 06 h (Table 1).
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At the time when a daily mean temperature of air was within climatological normal the model happened to closely
restore the temperature profile in ABL at all the hours. According to the data obtained by the temperature profiler , no
temperature inversion was observed at the study hours in February 26, 2013. The model could simulate the same trends
in temperature changes by altitude. Both real and predicted data show the temperature decrease in the layer. The
maximal fit of predicted air temperatures to the measured ones was observed at above 500 m height at the study hours.
The estimated accuracy of predicted values of temperatures at the altitudes in ABL was made comparing the predicted
data to the real measured data. The estimation was made according to the basic documents > "1 In Table 2, the
estimated accuracy of air temperatures at different altitudes is given.

Table 2 — The estimated accuracy of air temperatures using the WRF model

Time
The day Accuracy characteristics

00 06 12 18

Mean forecast error 1,1 1,3 0,5 0,9

13.12.2012 yr. Forecast root mean square error 1,9 1,9 1,5 1,8
Mean forecast absolute error 1,7 1,7 1,3 1,6
Mean forecast error -0,3 -1,0 2,1 -2,6

26.01.2013 yr. Forecast root mean square error 0,7 2,1 2,1 2,6
Forecast root mean square error 0,6 2,0 2,1 2,6

Mean forecast error -0,7 0,0 -0,2 -1,0

26.02.2013 yr. Forecast root mean square error 1,0 0,5 0,4 1,3
Forecast root mean square error 0,8 0,3 0,3 1,1

The analysis of statistical discrepancy in the event of anomalous cold showed that their values did not exceed 2°C. The
errors revealed upward bias of temperature at all hours pertaining to the real one.

In the event of thawing, the temperature prediction errors were more than 2 °C. The mean forecast error shows
downward bias of real temperatures.

The analysis of statistical discrepancy of air revealed that at all hours, apart from 06 hour, there was downward bias of a
predicted air temperature. As a whole, in the period when a mean daily temperature was within climatological normal,
the discrepancy did not exceed 0,5 °C . This indicates a good numerical forecast result.
In order to value the connection between temperature profiles by the profiler
coefficients (r) were calculated (Table 3) ©'%.

The analysis showed significant correlation between two sets of data two rows of data.

and the WRF model, correlation

Table 3 — Correlation coefficients (r) between two sets of data the rows of predicted and real data

Days Time
00 06 12 18
13.12.2012 0,84 0,83 0,89 0,88
26.01.2013 0,58 -0,10 0,98 1,00
26.02.2013 0,99 0,55 0,99 0,99

Statistically significant correlation coefficients are given in bold type

4. CONCLUSIONS

1. At the air temperatures near climatological normal, the comparison of calculations made by the WRF mesoscale
model with real measurements, demonstrated robustness of modeling air temperatures in ABL.

2. During the period of temperature anomalies (more or less than normal) the model showed some uncertainty in
measurements.
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3. During the period of anomalous cold the model exceeded the predicted temperature values at all hours. During
anomalous warm weather and climatological normal the model underestimated the calculated data.

4. Absolute difference (At) between height profiles of air temperatures built by both MTII-SPE data and the WRF
model did not exceed 3°C in absolute value.

5. The most precise results of forecasting air temperature were obtained in the layer at the height of above 600m.

Our results allow the WRF model to be used for forecasting a temperature profile in the atmosphere boundary layer in
the area of Tomsk as well as for forecasting dangerous weather events.
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