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SELECTION OF THE PARAMETERS
OF A REGIONAL CLIMATE MODEL BASED
ON A COMPARISON WITH OBSERVATIONAL DATA
FOR THE “CENTRAL ASIA” DOMAIN

Abstract. The article presents the results of selecting the optimal parameters for the regional climatic
WRF-model for the Central Asia domain. Three variants for setting the parameters of the WRF model are
considered: 1) WSMse microphysics in combination with the YSUPBL boundary layer scheme; 2) MYJPBL
planetary boundary layer scheme combined with Thompson microphysics; 3) Thompson microphysics with setting
of the boundary layer parameters according to the YSUPBL scheme. As data of ground-based observations, global
archives of data from the Meteorological Office, United Kingdom (Climatic Research Units) and data from the
laboratory of surface hydrology at Princeton University of the United States were used. The results of numerical
calculations of the mean annual seasonal variability of surface temperature and precipitation are compared for all
selected parameterization schemes for 4 climatic seasons in the Central Asian region. It was shown that the most
preferred combination was the YSUPBL scheme with Thompson microphysics.
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Introduction. It is known, that the main methodological basis for solving the problem of forecasting
estimates of future climate parameters is numerical modeling of the climate system using global climate
models, which are based on global models of the general circulation of the atmosphere and ocean [1-2].
That the improvement of climate models requires the formulation of more accurate models of specific
physical processes that determine the dynamics ofthe climate system for any region

In most cases, the model should be adjusted for a specific region by varying empirical coefficients in
the parameterization schemes, as well as using different precipitation parameterization schemes, a
planetary boundary layer, etc. Usually, regional model is evaluated by its ability to reproduce fields of
precipitation and temperature of the near-surface air.

Regional climate modeling under the CORDEX (COordinated Regional Climate Downscaling
Experiment) program (https://www.cordex.org/) plays an important role, providing projections of the
future climate with much greater detail and a more accurate representation of local extremes [3-6]. The
higher spatial resolution of the regional model allows us to more adequately reproduce the influence of
mountains and the properties of the underlying surface on atmospheric processes [7]. The allocation of
their contribution can be considered the main expected result of regional modeling.

The Weather Research and Forecasting (WRF) model is a system for weather forecasting and
modeling atmospheric processes, suitable for both operational and research purposes. The system is an
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effective tool for the development of data assimilation techniques, parameterization of sub-grid scale
weather forecast and regional climate modeling [8].

At the present stage, attempts are being made to build regional climate models (RCM) for the
territories included in the Central Asia domain and taking into account the specifics of the region. So, in
[9] the results of calculating air temperature, atmospheric pressure, and precipitation for the territory ofthe
Tomsk region using the WRF predictive modeling system with various parameterization schemes are
presented. For example, in [10] studies were conducted on the selection and adaptation of the optimal
convection parametrization scheme in the hydrodynamic mesoscale model WRF for forecasting
meteorological values in the territory of Kyrgyzstan. The calculation ofthe amount of precipitation during
the cold period in the Western Urals using the WRF model was carried out [11].

The results of WRF simulation and downscaling of local climate in Central Asia are described in
[12]. This work had two goals: (1) achieve better performance of the WRF model in simulating
the observed precipitation, daily extreme temperatures in Central Asia, so to create a tool that can be
used to improve understanding of weather and climate in Central Asia, and (2) create a high-resolution
(20 x 20 km) meteorological dataset for the region for the period 1980-2015. The model initial and
boundary conditions are derived from the ERA-Interim reanalysis data.

The model was tested with various parameterization schemes. The calculation results were compared
with ground-based observations. The choice of model configuration was determined by the smallest
difference in the comparisons. As a result of those tests, microphysics scheme of Thompson [13] and
Betts-Miller-Janjic scheme [14] for cumulus parameterization in the model were selected. The PBL
parameterization used in the model is the Mellor-Yamada-Janjic scheme [15].

It should be noted that a number of studies are also known on the sensitivity of the WRF model using
different parameterization schemes for different parts of the Central Asia domain [16-20].

For Kazakhstan territory by the WRF model calculated a range of meteorological parameters
(temperature field of the air near the ground and at altitude of the atmospheric pressure 850 hPa, the total
accumulated precipitation and precipitation for scheme convective cloudiness, field of near surface
pressure and surface wind) [21].

Methods and Data. The purpose of the numerical experiments in our study is to select a
parameterization scheme describing microphysics, a planetary boundary layer, short-wave and long-wave
radiation fluxes for the formation of a model that adequately reflects the processes occurring in the
atmosphere, on the surface of the earth and water, with their mutual influence and model constraints for
the 'Central Asia' domain. In the present study, the selection of parameters was carried out for regional
climate WRF model [22].

It is possible to use various options for parameterization with varying degrees of accounting for
hydrometeors in the liquid and solid phases and the processes corresponding to them [23-24].

In our study, the focus is on near-surface wind speed, precipitation, and near-surface temperature at a
height of 2 meters. To calculate the temporal variability of meteorological elements in the surface and
boundary layers, it is possible to use the following schemes for parameterizing:

- The Mellor-Yamada-Janjic (MYJ) parametrization is based on the turbulent Kinetic energy
equation, the right side of which includes terms depending on vertical gradients of wind and potential
temperature that produce turbulent kinetic energy.

- Parametrization of Yonsei University (YSU). The scheme calculates the vertical exchange
coefficient for the amount of motion using information on vertical gradients of temperature and wind,
calculates a turbulent analogue of the Prandtl number, and determines the coefficient of turbulence for use
in the equations of temperature and humidity transfer. The contribution from large vortices is determined
depending on the magnitude of convective flows at the upper boundary of the surface layer, which are
expressed in terms ofthe stability functions.

Finally, we consider three different options for specifying the parameters of the WRF model using the
WSMe6 microphysics is used in combination with the YSU scheme (Exp.1); combination of a planetary
boundary scheme layer MYJ PBL combined with Thompson microphysics (Exp.2); in the second variant,
the same microphysics is used, but the parameters of the boundary layer are set according to the YSU PBL
scheme (Exp.3).
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The boundary and initial conditions for the regional climate model were established on the basis of
the ERA-Interim reanalysis data set (https://rda.ucar.edu/datasets/) with a 6-hour interval [25], a spatial
resolution of 1,5° over the entire Earth's surface, which is about 150 km Central Asian region [26]. The
fields of the meteorological parameters listed above are presented at 37 isobaric levels [27]. In each cycle
of ERA-Interim reanalysis , the available observational data is combined with the previous forecast model
information to calculate the evolution of atmospheric parameters (temperature, wind speed, air humidity,
ozone concentration, surface pressure) and the underlying surface (temperature and humidity at a height of
2 meters, humidity and soil temperature, snow). Additionally, two global archives were used as
observation data: data from the Meteorological Office, UK (CRU-Climatic Research Units), with a spatial
resolution of 0,50 (https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.00); data from the laboratory of near-
surface hydrology at Princeton University, USA, with a spatial resolution of 0,250 (http://hydrology.
princeton.edu/data).

The study area. The entire earth's surface is divided into 14 domains have been defined with a
spatial resolution of 0,44x0,44 degrees, which approximately corresponds to 50 km. There are areas of
current and future climate research based on regional statistical and dynamic models. The domain must
include specific physical processes that are important for the climatology of the selected region, have
mesoscale or smaller space-time dimensions, which are not reflected by coarser global models. Another
criterion is the additional information obtained by regional models compared to global ones. The domain
of Central Asia is defined by the scientific group Science Advisory Team and looks as follows (figure 1).

Figure 1- Domain Central Asia (borrowed from https://maw.cordex.org/domains/region-8-central-asia/ )

The selected region occupies a vast expanse territory on the earth's surface. It stretches across the
territory of Eurasia in the latitudinal direction for almost 5 thousand km, in the meridional direction - more
than 1thousand km. The surface relief varies from high mountains to lowlands lying below sea level. It
includes several climatic zones, for example, a territory with a humid and cold continental climate in
western Europe and a dry, very cold subboreal climate in the middle and eastern regions of the Siberian
plateau; dry mid-latitude desert and steppe with an arid and semi-arid climate in the middle of Central
Asia; Himalayas and Tibetan plateau with highland climate. There are areas of the earth's surface, within
which there is approximately a homogeneous climate throughout their length.

Results and discussion. The duration of each numerical experiment is 17 years of simulation, which
leads to the emergence of numerical instability caused by rounding errors. A simulation interval of
1 month was chosen. The results of numerical experiments for the selection of parameterization schemes
of microphysical processes and processes in the boundary layer of the atmosphere are presented in the
form of maps ofthe average annual seasonal variability of surface temperature and precipitation.

The difference between the average annual seasonal variability of surface temperature and
precipitation, calculated by the WRF model and observations data from the CRU and Princeton University
archives, was analyzed to assess the accuracy of reproducing the climate system parameters by the WRF
model for the above parameterization schemes for 4 seasons of the year (period 2000-2016).
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Figure 2 shows the field of average monthly surface temperature for July 2015, obtained by the
output data model (Exp.1 WSM6+YSU) and interpolated in the spatial grid nodes observation data CRU -
Climate Research Units. WRF results are averaged from 3-hour data, CRU data is averaged from average
daily data.

As an example, long-term dynamics of average monthly temperatures for CRU and the WRF from
January 2006 to December 2015. The data is obtained for the coordinates of the city of Almaty (43° N,
77° E). The correlation between WRF and CRU data for Almaty coordinates is shown in figure 3.

Figure 4 show the comparison results for the surface temperature values, for the autumn season. In
the autumn period, there is a positive difference between the calculated and observed temperatures for
parameterization schemes 1and 2, and the use of the parameterization scheme 3 allowed us to obtain the
most satisfactory result. The excess of the calculated values of the temperature of the surface layer in
comparison with the observed in winter at 2-3°C in the Northern regions of the considered domain, for all
numerical experiments with different parameterizations determined by what ERA-Interim reanalysis data
already overestimate the temperature of the surface layer for winter. Similar calculations were made for all
seasons of the year.

10 14 40

Figure 2 - Average monthly surface temperature for July 2015 according
to the calculations (a) and observations (b) (Exp.1 WSMs + YSU)

Figure 3- The correlation between WRF and CRU data calculated
from the experimental data for Almaty coordinates
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Figure 4 - The difference between the average temperature of CRU and WRF
in 2000-2016, the autumn (September, October, November)

In the cold season, the best correspondence between the calculated and observed values is obtained in
a numerical experiment using the parameterization scheme 3 (Exp. 3). During the summer period, the best
correspondence between model calculations and observational data was obtained using the
parameterization scheme 2. Similar comparisons are made between annual precipitation and ground data.

For all seasons, excluding summer, the calculated precipitation values exceeds the observed
precipitation for the Western and Northern parts of the study area. Calculations by scheme 3 show better
results compared to schemes 1and 2. In some cases, anomalies occur at the Northern and Eastern borders
of the domain, which is probably due to the insufficient width of the relaxation zone. The error of the
average annual precipitation values calculated using the regional model does not exceed 1,5 mm/day.

The model produces a significant excess of precipitation in mountainous areas and the Asian
monsoon region for autumn, spring, and winter. The opposite situation is observed in the summer. In the
summer, precipitation is overestimated by the model for most of the studied domain. Their significant
overestimation can be traced in arid and semi-arid regions, as well as in the humid southern parts of the
domain. This is due to the fact that mid-latitude cyclones are weaker and less frequent in summer,
northern fronts prevail, temperature and pressure gradients decrease over the Euro-Asian continent, and
the impact on the South Asian monsoon depression. For the Northern and southern parts, there is also a
slight excess of the model calculation data relative to the observed ones.

A comparison of the average long-term seasonal values of the surface air temperature and average
annual precipitation according to models and observations for the period 2000-2016 for the entire territory
of the studied domain was made using data from the CRU and Princeton University observation archives,
ERA-Interim reanalysis and the results of calculations for the WRF RCM (Exp.3), (table).

Average long-term air temperature values and annual precipitation according to models and observations

Average long-term seasonal values surface Mean annual and mean seasonal precipitation
Models and temperature (0C), (2000-2016) (mmVday)
observations ) .
Winter Spring Summer  Autumn Winter Spring Summer Autumn
WRF (exp 3) -8,13 5,36 1951 5,65 1,29 1,57 2,30 1,69
ERA-Interim -3,44 7,98 20,27 8,61 031 0,45 0,82 0,45
CRU -7,38 6,76 19,52 6,92 0,74 1,09 2,30 1,26
Prinston Un. -7,68 6,09 19,12 6,70 0,92 151 2,02 1,30
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As can be seen from Table the regional climate model gives closer air temperature values at the
height of 2 m, compared with the observed data, than the results of the ERA-Interim reanalysis for all
seasons of the year. The total discrepancy for the domain-averaged long-term air temperature calculated
from the model and observations does not exceed 2,0 oC.

It should be noted that model calculations with the parameterization scheme 3 (exp. 3) correspond
better than other parameterization schemes to observational data. It can be seen the regional model data
are more consistent with observational data compared to the ERA-Interim set.

The average annual precipitation according to the WSM6 scheme overestimates the data when using
the YSU-Thompson scheme, and for the MY J-Thompson scheme, this value has slight deviations from the
YSU-Thompson scheme, which indicates a slight difference when using different parameterization
schemes of boundary layer.

Conclusion. We tested the ability of the WRF model to reproduce the observed parameters of the
climate system within the Central Asia domain (region 8 of the CORDEX program). A number of
numerical experiments were conducted to test various microphysics parametrization schemes and
processes occurring in the boundary layer in order to select such a scheme that best reproduces the main
characteristics ofthe climate.

Three combinations of the WRF model schemes were considered, based on the experience of
previous regional climate studies: (Exp.1l) Thompson microphysics + Mellor-Yamada-Janjic Planetary
Boundary Layer (MYJ PBL) parametrization; (Exp.2) Thompson microphysics + Yenssen University
Planetary Boundary Layer (YSU PBL) parametrization; (Exp.3) Single Moment 6-class parametrization
(WSMs) microphysics + Yenssen University Planetary Boundary Layer (YSU PBL) parametrization.

The assessment of the region's seasonal climatology was performed for the traditional seasons of the
year using three parameterization schemes.

The analysis of the difference in surface temperature fields between observations from the CRU
archive and calculations using the WRF model with boundary and initial ERA-Interim conditions for
different seasons of the year was carried out. Application of the parameterization scheme 3 (Exp.3) it
allowed us to get the most satisfactory result.

The difference between average long-term precipitation was compared using simulation data with
three parameterization schemes and observation too. Calculations by scheme 3 show better results
compared to schemes 1and 2.

Based on the obtained results, it can be concluded that the simulation data using parameterization
scheme for the YSU PBL boundary layer and Thompson microphysics are better than other schemes
considered in this study are consistent with observations of precipitation and surface layer temperature.

In conclusion, it should be noted that the WRF numerical regional model with selected
parameterization schemes, can be used to simulate future climate projections within the Central Asia
domain for various scenarios of greenhouse gases in the atmosphere (RCP (Representative Concentration
Pathway) 4.5, RCP 8.5.) [28].
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MES RK No. AP05135848.
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«OPTAJIbIK A3SA» LJOMEHIHE APHANICAH BAUbBINTAY AEPEKTEPIMEH CANBICTbIPY
HEM31HAE AUMAKTbBIK KTIUMAT MOAENIHLW, MAPAMETPNEP1IH TAUAAY

AHHoTaums. CORDEX 6argapnamacbl 60iblHIIA aliMaLTbIK; KAMMaTTbl MOZenbAey Oonawaurarbl Kavmar
XarfgaibiHa 60/mkam dkacayga >xkahaHgblly, KIMMATThIK; Mogenbaepre KaparaHfa aHarypnbiM [314PEK >K3He
XKEPTrLKN 3KCTpeMangbl ouuranapibl HauTblpak; KepceTyde Maubl3gbl pen awapagbl. AAMauTbiK; MOZenb
aTmMoctepanblK Yepictepre Taynapgbll, >KaHe xep 6eTwiw, acepwt Kepcetear OnapfblH YneciH 6enyni aliMalupiily
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MoZenbAeyall KyTWeTW Hen3n HaTuxea fen caHayra 6onagbl. WRF mMogeni - 3epTrey MakcaTblHAa >KaHe
KYH/e/KN aya paiibiH 6omxay MeH aTmochepanbly, YpaicTepai Moaenbaey YV,

Makanaga OpTanbik A3usi aiimarbiHa apHairaH WRF aiiMakTbIK KAMMaT MOAENIHIH ouraiinibl napaMeTpiepL
TaHfay HaTWKenepi kenTipinreH. KnMmaTtTbiH HEM3M cumaTTaManiapbiH XKETKIMIKTI 6asHAaNTbIH CXemaHbl TaHaay
MaKcaTblHAa LeKapasblK KabaTTa XXYPETiH apTYpni MUKpodur3nKa MeH Y aepicTepaiH napameTprieHAipy cxemanapbiH
CblHay apKbl/lbl XOrapbl eHiMAINIKTI ecenTeyLwl KnacTepiH maviganaHbin, GipkaTap caHablK Taxpmbe >XYprisingi.
MuKpodm3nKa XaHe LleKapasblK KabaT cxemanapbiHbiH Y™ TipkeciMi KapacTblpbingpl: ruapomeTeopnapibiH
5 KnacblH (6”NTTarbl Cy, XayblH-LUallbH, 6ANTTarbl Mp, Kap >aHe kap TYMipwwikTepi) konaaHaTbiH TOMMACOHHbIH
GippeTTik MUKpOU3MKa cXemacbl aTMoctepanbiK Lekapa KabaTbiHbiH PBL MYJ cxemacbiMeH 6ipre, eKiHLi
wcKajga con MUKpotM3vka KonmgaHblnadbl, Oipak Luekapaiblk kKabaTTblH napametpnepi PBL YSU cxemacbiH
nanganaHagbl; YLWIHWI HACKaga ruapomeTeopnapgbiH 6 knackl 6ap WRF Single Moment Mukpogmamka cxemacsl
MeH PBL YSU cxemacbiHbIH Yiinecyi. TaHgaraH aiiMakTbiH MayCbIMAbIK KAMMATONOMMACHI XbIAbIH A3CTYpAi Xbin
me3nngepwe 2000-2016 >xbingap apanbirbiHAa GaranaHgpl. ARMaKTbIK KauMaT Mogeni YiliH 6acTankbl KaHe
LWeKapa/ibIlK LWapTTap peTiHae ERA-Interim peaHanvs manimMeTTepi NaiganaHbingbl. bakbinay fepekTepi penHae ew
ranaMmablKk M”~paraT nainganaHbingsl: ¥1blI6pUTaHNS METEOPOOrMsbIK GHOPOCHIHBIH AepekTepi »aHe AKLL-Tbiy,
MPUHCTOH YHMBepCUTETIHIH >xepYCTi rmaposiorna 3epTxaHacbiHbIH fepekTepi. CaHAbIK ecenTey HITWXKenepi KapTta-
cxema TYpiHge “cbiHbliraH. XepYCTi kabaTbiHbIH TeMmnepaTypacbl MeH >KbIAblK KayblH-LIALLbIH eproTepLLLL,
Gakblnay [epekTepiHeH aliblpMallblibirbl ecenTenreH. Mogenbiey HITWKenepw Tangay 6apbiCbiHAa MOfe/b
KNMMATTLIK MacluTa6Tarbl aTMochepanbik Y/ epicTepai XeTKinikTi TYPae cunaTTaiifbl XaHe KAMMATTbIK XYVeHiH
Hens3n napameTp/iepLlLll, KeLCTK-yaKblT e3repiCiH >akcbl KepceTedr Epekwenikri peTiHAe oporpaduanbiK
apTekTiNiri 6ap aygaHgap - Taynbl XXaHe OLWK Taynbl ayfaHaapabl 6akbinay >KeniCiHiH CUpeK Kesfecyi apKbifbl
TYciHgipyre 6onagsl. MYJ PBL wwekapa KabaTblHbIH 3He Thompson MMKPOMU3MKACLIHbIH MapaMeTpieHipy
cxeManapbl apkblibl anblHraH MOAeNbAeY HAITWXKENepi >KayblH-LallblH MeH >kep KabaTbl TemnepaTypacblHbIH
6aKblnay OepeKTepiMeH CalKecTLl 3epTTeyiMi3fe KapacTbipbiiraH 6acka cxemanapra KaparaHga Y3aiK eKeHgiri
aHbIKTa/apbl.

TaHfanraH napavmeTpieHAipy cxemanapbiH naviganaHbin, WRF caHAblK KNMMATTbIK MOZAe/LWw aTtmoctepagarsl
KeLleT ra3 LIorblpiaHyblHbIH TYPAi cueHapuidnepi Ywin OpTa Asus alimarbiHaa 6onallakTtarbl Kammar 60/mKamblH
MoZenbaey YLUiH KosigaHyra 60/1aTbIHAbITbIH aTan eTKeH XKeH.

TyLWH ce3aep: KMMart esrepici, Mofenbey, TaHfay, napameTpieHaipy, cesimtangsik, WRF.
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BbIBEOP NMAPAMETPOB PEFI/IOHAI'IbHOUI7I MOAENN KNINMATA HA OCHOBE CPABHEHWA
C JAHHbIMW HABJTIOAEHUW ONA AOMEHA «LUEHTPANTbHAA A3UA»

AHHOTauua. MogenvpoBaHue pernoHasbHOro Knumara B pamkax nporpaMMbl CORDEX urpaet BaxHyt
posb, obecrneynBasi MPOrHO3bl OyAyLLEro KAumarta ¢ 60/blUei aeTanu3aumeid n 605ee TOYHbIM MPeACTaBIEHNEM
NOKa/IbHbIX 3KCTPEMa/IbHbIX ABAIEHWIA, YeM robanbHble KIMMAaTUYecKe Mogenu. B pervioHasibHoO Mogenu Bocrpo-
M3BOAMTCA BINSHME TOP U CBOWCTB MOACTUNAIOLLEA NOBEPXHOCTU Ha aTMOC(epHble npoLecchbl. PacnpegeneHue mx
BK/1afla MOXXHO CUMTaTb OCHOBHBbIM OXWAEMbIM Pe3yNbTaTOM PErnoHanbHOro mogenviposaHus. Mogens WRF -
cucTeMa NPOrHO3VMPOBaHWA MOrodbl Y MOAENMPOBaHMA aTMOCHEPHbLIX MPOLECCOB, MOAXOAALLAA Kak Af1d ornepa-
TUBHbIX, TaK 1 17 UCCNeL0BATENNbCKUX LieMeN.

B cratbe npencTtaBneHbl pe3ynbTaTbl BblGOpa OMTMMaNbHbLIX NapamMeTpoB PErvoHaNbHOW KAMMATUYECKO
WRF-mogenn gna pernoHa LleHTpasibHOn Asun. MNpoBefeH paf YMCEHHbIX 3KCMEPUMEHTOB Ha BbICOKOMPOW3-
BOAMUTENbHOM BbIYMC/IMTENIBHOM KNacTepe f/18 TECTUPOBAHWS Pa3fMUuHbIX CXeM MapaMeTpusaumn MUKpPOU3NKN 1
MpOoLeccoB, MPOUCXOAALUMX B MOTPAHUYHOM C/0€ C Lienbio BbiGOpa Takoi Cxembl, KOTOpas Hauayywmm 06pasom
BOCIMPOW3BOANT OCHOBHbIE XapaKTepUCTUKM KnMaTta. PacCMOTpPeHbl TP KOMOMHaUMKM CXeM MUKPOUIUKM U
MOrpaHNYHOro Cnos: OLHOMOMEHTHaA CXema MUKPOMU3NKMA TOMMCOHa, UCMo/b3ylowas 5 K1accoB rMapoMeTeopoB
(Boga B obnakax, ocafku, nef B 06/1akax, CHer M CHeXHas Kpyna) B COYeTaHWM CO CXeMOI MOrpaHWyYHoro cros
aTMocepsl PBL MYJ; BO BTOPOM BapuaHTe UCMO/b3YeTCA Ta e MUKPOU3nKa, HO napaMeTpbl NOrpaHUYHoro cros
yCTaHaB/IMBAOTCA B COOTBETCTBMM CO cxemoil PBL YSU; B TpeTbem BapuaHTe Mukpodmsunka cxema WRF Single
Moment ¢ 6 knaccamu rmgpoMeTeopoB B COUeTaHuy co cxemoil YSU. OueHKa Ce30HHON KAMMaTonornm BblopaH-
HOro pervoHa BbIMO/IHeHa A4/19 TPaguLMOHHBLIX Ce30HOB roga 3a nepuog 2000-2016 rr. B kayectse HayaibHbIX U
rPaHNYHbIX YCMI0BWIA 41 PErMOHATbHON MOAENM Knmmata O6bln NCNosb30oBaHbl JaHHble ERA-Interim peaHanusa. B
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KauecTBe AaHHbIX HabAeHNI NCNONb30BAIMCL ABa rN06anbHbIX apxmea: LaHHble M3 MeTeoponormyeckoro 61opo
BenmkobputaHum v faHHble nabopaTtopum NPUNOBEPXHOCTHOW ruaponorum MpuHCTOHCKOro yHueepcuTeTa CLUA.
Pe3ynbTaTbl YMCNEHHOrO pacuyeTa MpeAcTaBieHbl B BUAE KapTa-CxeM. PaccumTaHbl pasHOCTM Noneit Temnepatyp
MPW3EMHOr0 C/1I08 U FOA0BbIX CYMM OCafKOB C AaHHbIMW HabntoaeHuid. V3 aHanmsa pe3ynbTaTtoB MOAENMpoBaHuWs
CneflyeT, 4TO0 MOfJeNb afeKBaTHO OMUCbIBAET aTMOCKepHble MPOLIECChl KNMMATUYecKoro Macurtaba M XopoLuo
BOCMPOW3BOAMT MPOCTPAHCTBEHHO-BPEMEHHbIE Bapuauy  OCHOBHbIX MapameTpoB KAMMATUYECKOW CUCTEMbL.
VickntoueHWe COCTaBNAOT palioHbl C OpOrpanyeckmMm HEOLHOPOAHOCTSMU - FOPHbIE U BbICOKOTOPHbIE PalioHbl,
YTO MOXKHO O6BACHUTL PEAKOCTbIO HabnoaaTenbHoOM ceT. OnpefeneHo, YTo AaHHbIE MOLENMPOBAHUS C UCMOMb30-
BaHMEM CXeM MapameTpu3aLmmn 4is norpaHuyHoro ciosg MYJ PBL v MuKpodamku Thompson fiydlue, Yem apyrue,
paccMOTPeHHble B HACTOALLEM UCCe0BaHUM, COMNacytoTCa € AaHHbIMU HabMoAeHUIA 3a ocafKamu 1 TemnepaTypoii
MPWU3EMHOrO C/Ios.

CnefyeT OTMETUTb, YTO YMCNEHHasA KnnuMaTnyeckas Mmogens WRF ¢ nogobpaHHbIMM CxeMaMi napameTpusasmm
MOXET BbITb MCMONb30BaHa /1 MOAENMPOBaHNS NPOeKUMi ByayLLIero KaMmata Ha TeppuTopumn gomeHa LieHTpans-
Has A3usa [Nd pa3INyHbIX CLEHapUeB COAEPXXaHNsa NapHUKOBbLIX ra3oB B aTMOCHepe.

KnioueBble cnoBa: W3MeHeHWe KIMMarta, MOAENMPOBaHWE, BbIGOP, MapameTpu3auusi, YyBCTBUTEbHOCTb,
WRF.
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