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fluence on the microclimatic conditions, as well as on the spatial distribution of various pollutants.

Temperature inversion is one of the key phenomena creating severe meteorological conditions and con-
tributing to the accumulation of pollutants in the surface layer of the atmosphere. In accordance with long term
observations, it can be stated that the Arctic region is prone to the formation of temperature inversions (ob-
served on more than 30% of the days), especially on the winter season. What is more, the cities in the described
area experience a formation of strong “urban heat islands”. This phenomenon of spatial distribution is charac-
terized by an increase of air temperature in the city center compared with its surroundings. It reaches its great-
est strength and prominence in the cold season, when the differences in the temperature are the greatest.

In consideration of the aforementioned climatic patterns, the city of Apatity, Murmansk region, was cho-
sen as a testing ground for studying the climatology of polar cities, in particular, in order to study the fine
structure of surface inversions, their changes over time, and interaction with the urban heat island.

To study the fine vertical structure of inversions, vertical sounding was performed using thermal “braid”
(rising to a height of 100 m, the sensors were installed every 10 m) and quadrocopters equipped with tempera-
ture sensors (rising to 200-250 m). To study the characteristics of the inversion within the urban heat island and
in the background area temperature profiles through the city of Apatity were created using iButton temperature
sensors. Gradient masts with temperature sensors at altitudes of 1.5 and 3 m were installed in the center of the
city and in the background area. Netatmo sensors were also used to monitor changes in weather parameters in
real time. All observations were carried out in homogenous synoptic conditions set by an anticyclone ridge of
an area of high pressure centered over the Kara sea.

During the study, the fine structure of the surface inversion was considered for the first time, both at night
and at daytime. Under the conditions of an intensive surface inversion, vertical soundings of the surface layer
of the atmosphere were carried out in the lower 100 meters using a DJI 4 quadrocopter. As a part of the experi-
ment, temperature profiles obtained by iMet-XQ, iMet-XF sensors and the 10 iButton thermal “braid” were
compared. The acquired results showed great similarities with each other. Also, simultaneous sounding in the
urban and background points demonstrated noticeable differences in the intensity of surface inversions, which,
apparently, is the result of the influence of the urban heat island of Apatity.

Horizontal soundings were also performed using a mobile measuring complex consisting of an automatic
meteostation (AMS). The soundings verified the readings of both iButton sensors installed throughout the city
and 2 AMS Davis Vantage Pro 2. What is more, the acquired results showed a more detailed image of tempera-
ture distribution in the city. Under the conditions of anticyclonic weather, the spatial heterogeneity of tempera-
ture within urban landscapes was considered by analyzing the readings of the iButton sensors and data from
two AMS Davis Vantage Pro2. The contrasts of air temperature observed simultaneously according to measure-
ments at a height of 2 meters within and outside the city reached 10°C. It was shown that under favorable syn-
optic conditions in the city, a powerful heat island is formed, which is a key factor influencing the spatial tem-
perature distribution in the city and its surroundings.

In addition to meteorological measurements, a basis was laid for subsequent microscale modeling of at-
mospheric processes inside the urban canopy, for which, as a result of route observations, the online database of
available data on the shape and height of buildings of the central core of the city of Apatity was finally com-
pleted.

Moreover, the assessment of the accuracy of mesoscale forecast modeling was performed. The evaluation
was based on the ability of the models to predict the phenomena mentioned above using the WRF-ARW model-
ling package.

F I he features of temperature stratification in the surface boundary layer of the atmosphere have a great in-
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COOEGHHOCTH TeMIepaTypHOU cTpaTH(UKalMU B MPU3EMHOM CJIO€ arMoc(epbl OKa3bIBalOT OOJIBIIOE

BIMSHUE HAa MUKPOKJIMMAaTUYECKUH PEXHUM, a TaKKe Ha MPOCTPAHCTBEHHOE paclpeeseHre Ipume-

ceif. TemneparypHast HHBEPCHSI — OJTHO U3 KIIFOUEBBIX SIBICHUH, CO3/1aI0INX HEOIAronpusTHbIE METEO-
POJIOTHYECKHUE YCIIOBHUS U CIIOCOOCTBYIOIINX HAKOTUICHUIO 3arPSI3HSIONIMX BEIIECTB B IPU3EMHOM CIIO€ aTMOC-
¢epsl. [To qaHHBIM MHOTOJICTHUX HAOMIONCHNH, B 3aII0OIsIphe IPU3eMHast HHBEPCHsI (POPMHUPYETCSI OTHOCHTEIb-
HO 4acto (bonee 30% mHE# B TOy), B 0COOCHHOCTH, B 3UMHUI TIEpHOA. XapaKTepHOU 0COOCHHOCTBIO, IPUCY-
el JuIs TOPOICKUX JIaHAIIABTOB, sBIsETCS (POPMUPOBAHKE «TOPOACKOTO OCTPOBA TEIIa» - y4acTKa, MHKPO-
KJIIMAT, KOTOPOTO XapaKTepHU3yeTCs MOBBILIEHHBIMU 10 CPABHEHUIO C 3aTOPOJHON MECTHOCTBIO TEMIIEpaTypoit
BO3AyXa. JlaHHOE SBIEHUE CUIIbHEE BCETO MPOSIBISETCS B XOJIOAHBINA NEPUOA rojia, KOra KOHTPACThI TEMIIEpa-
Typbl HanOosnee Benuky. HenaBHue ucciaenoBanus Noka3aiu, 4To 3QeKT ropoaCcKoro 0CTpoBa TerJia XapaKkTe-
PEH U Ul TOPOAOB, HAXOASIIIUXCS 3a MOJIIPHBIM KPYTOM.

B cBs13u ¢ 3TUM B KauecTBe NOJIUIOHA JUIs HCCIEJOBAHUS KIIMMATONIOT MU 3aM0JISIPHBIX TOPOIOB, B UaCTHO-
CTH U3y4Y€HHsI TOHKOH CTPYKTYphl IPU3EMHBIX HHBEPCHI, NX U3MEHEHUS C TEUCHHEM BPEMEHH, a TaKKe B3au-
MOZIEHCTBUS C TOPOACKUM OCTPOBOM Teruia OblT BBIOpaH ropo Anatutsl, MypMaHCKoO# 001acTy.

Jlns n3yueHus TOHKON BEPTUKAIBHON CTPYKTYPbl HHBEPCHI BBITOIHSIOCh BEPTUKAIBHOE 30HAUPOBAHHE
C UCTIOJIb30BaHNEM TEPMO-KKOCHD» (TT0/beM /10 BBICOTHI 100 M, JaTUMKK pacroaraiuch yepes kaxsie 10 M) u
KBaJpOKONTEPOB, 000PYIOBAHHBIX AaTYMKaMH TeMIieparypsbl (moabem g0 200-250 m). s uccnenoanus oco-
OEHHOCTEH MHBEPCHH B IIpEJeax TOPOACKOro OCTPOBa TeIia U Ha ()OHOBOW TEPPUTOPHUH Yepe3 I. ANaTHTHI
OBLTH 3aJI0)KEHBI TEMIIEPaTypHBIC POQUIIN C HCIIOIB30BAaHUEM TEMIIEpPaTypHBIX NaTdunkoB iButton. B nentpe
TOpOZa ¥ 32 €ro MpeeIaMy ObUIM YCTaHOBIICHBI IPAIMCHTHBIE MA4ThI C JATYMKAMU TEMIIEPaTyphl Ha BBICOTAX
1.5 u 3 m. Taxke uCnonb30BaNnCh AaTuuky Netatmo, Mo3BOMSAIOIINE CIEAUTH 332 U3MEHEHUSIMU TapaMeTpOB
TIOTO/IBI B PEKMME PEeaJbHOTO BpeMeHu. Bee HabroaeH st MpoBOAMINCH Ha POHE OTHOPOIHOM CHHONTHYECKOM
CHUTYaIMH, IO/ BIMSHUEM IPeOHs aHTHUIMKIIOHA C ICHTpOM Haj KapckuM MopeM.

B xone uccenoBanust BriepBble Oblila pacCMOTPEHA TOHKAs CTPYKTypa IPU3EeMHON HHBEPCHH — KaK B HOU-
HO€, TaK U B JHEBHOE BPEMs CYyTOK.

B ycnoBusix MoIIHON MpU3eMHOI HHBEPCHH ObLIa ITPOBEACHO BEPTUKAIBLHOE 30HIMPOBAHHE IIPU3EMHOTO
citost arMocdepsl B HIKHEX 100 MeTpax ¢ momolnblo kBaapokonrepa cucrembl DJI 4. B pamkax skcriepuMeHTa
BBINOJHEHO CpaBHEHHE NMPOQUIICH TeMIeparypbl, IOIyYeHHBIX ¢ MOMOIIBI0 naryukoB iMet-XQ, iMet-XF u
kochl 13 10 TepMoxpoHOB iButton, kKOTOpoe MOKa3ajio CONOCTaBUMBIE Pe3yJIbTaThl. Takke CHHXPOHHOE 30HHU-
pOBaHKE B rOpoCKOl 1 (POHOBOH TOUKAX ITPOIEMOHCTPHUPOBAIIO 3aMETHBIC PA3IMYHS B MOIITHOCTH ITPU3EMHBIX
HMHBEPCUH, 4TO, 10-BUIUMOMY, ABISAETCS Pe3yIbTaTOM BO3AEHCTBUS TOPOICKOr0 OCTPOBA TeIla AMAaTUTOB.

Tak, sKcIiepUMEHTaIbHOE 30HIMPOBaHKE MTPOBOIMIOCH B (hOHOBOI Touke (Oeper o3epa Mmanapa, moce-
1ok Tuk-I'y6a) B HOub ¢ 1 Ha 2 (eBpass B IEHTpE ropojia ¥ ¢ TOYKH Ha FOT0-BOCTOYHON OKpanHe ropoza (1po-
cnexT CugopeHko, I. Anatutsl). Pasuuna Mexxay 3TUMH TOYKaMU MO BBICOTE COCTABIISET BCETO 8 METPOB, YTO
MHUHHMU3HPYET BIUSHHE pelibeda Ha pa3inyusi TeMIIepaTypHOH CTpaTU(UKANK B IIPU3EMHOM citoe. Tak kak
npocnekT CHAOPEHKO PacHoI0KEH Ha OKpauHEe ropoja, BIUSHUE OCTPOBA TEIUIA MPOSIBISETCS 3/1€Ch TOpasao
ciabee, 4eM B LICHTpE ropoaa. B pesynbrare Mbl BUIMM, YTO BEPTHKAIbHBIC IPOGMIHN (PHC. 2) TeMIepaTypbl
OYEHb XOPOIIIO COMOCTABIISIOTCS, KpoMe HIKHUX 20 MeTpoB. Ha rip. CunopeHko HaOmonanachk 04eHb MOIIHAS
HMHBEPCUS ¢ HHTEHCUBHOCTBIO 4-5 °C B HI3KHUX 20M, ITOCIIE Yero ciae10Bal cioil uzorepmun. B nentpe ropona
MHTEHCUBHOCTb UHBEpcUM cocTaBuia Bcero 1°C, HO Ha BeIcoTe nopsiika 20 METPOB U BBIIIE TeMIEPaTypHBII
poduIIb MPAKTHYECKH UICHTUYEH TOMY, YTO HaOIoacsl Ha OKpanHe ropozaa. Eciim cpaBHUBaTSH ¢ pesysnbra-
TaMH, NTOJTY4YEHHBIMU YacOM paHee, MOKHO 3aMETHTh, YTO CIIOH M30TEPMHH, HAOIIOABILIUICS Y TOBEPXHOCTH,
nepemecTriics Ha BbIcoTy 0T 20 10 70 MeTpoB, a y 3eMii Havasna popMHUpOBaThCS MHBEPCHS. A Tak Kak 1omo0-
Hasl CTPYKTypa HaOJII0AaeTCs Ha OKpanHe ropojia M HUKAK He MPOsIBIsIETCs Ha epBoi Touke Ha Tuk-I'yoe, aTo
MOYKET CBH/ICTEJILCTBOBATH B I10JIb3Y BIIMSHHSI TOPOACKOTO OCTPOBA TETlJIa HA TEMIIEPaTYPHYIO CTPpaTH(HUKALIUIO
B IIPU3EMHOM CJIO€.
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Puc. 1. Mpodunu TeMnepaTyp no MToraM HOYHOTO CUHXPOHHOTO 30HAMPOBaHMA TuK-Iy6a — Anatutsl (03:15 02.02.2019) n
np. CupopeHko — Anatutbl (04:10 02.02.2019).

[TocpencTBOM rOPU30HTAIFHOTO 30HANPOBAHHS C TOMOIIBIO MTEPEABIKHOTO N3MEPUTEIFHOTO KOMIUIEKCa
ObLTa HEe TOJBHKO MOBEPEHA PENpe3eHTaTUBHOCTE MOKa3zaHui garunkoB iButton u nByx AMC Davis Vantage
Pro2, HO m momoNHEHa MPOCTPAHCTBEHHAS KapTHHA pacIpeleNeHus TeMIiepaTypbl. Hanbompime KOHTpacTsl
MEXTy IIEHTPOM Topojia M OKPYKAIOIIMMH ero JaHamadTamMu Obuh momy4deHsl B Houb ¢ 02 Ha 03 depas,
KOT7Ia B IICHTPE TOPOJICKOTO TIPOCTPAHCTBA TEMIIEPaTypa BO3AyXa COCTaBisuIa mopsaaka -24°C, na nepudepun
ropozna -26°C, Ha o3epe manapa temmneparypa Bo3ayxa osuta Hroke -32°C. Ha hoHOBOM TeppuTOpHH, HIMEIO-
e Ty jke aOCONTFOTHYIO BRICOTY HaJl YPOBHEM MOPSI, YTO U [IEHTP ATIATUTOB, TEMIIEPATypa BO3AyXa COCTABIIIA
-28°C, uto TaKxke 00ycIaBIUBacT HAJTMYUE TEMIIEPATYPHBIX KOHTPACTOB, BBI3BAHHBIX HE TOJIBKO penbedoM, HO
Y TOPOJICKAM OCTPOBOM TEILIA.

B ycnoBusx aHTUIMKIOHAIBHOH MTOTO/IBI OBLTa PACCMOTPEHA POCTPAHCTBEHHAS! HEOTHOPOIHOCTD TEMITE-
paTyphl B paMKax TOPOJICKHX JIAaHAMIA(TOB MyTeM aHAN3a IMOKa3aHUH naTankoB iButton un manabie nByx AMC
Davis Vantage Pro2. ITo pe3ynsraram HaOMIOASHNI XOPOIIIO TIPOCIEKHUBAIICSA OCTPOB Teruia roposa Anarutel. Ha
kaprax (puc. Nel, 2) mpociexuBaeTcsi TIOCIEI0BaTeIbHOE N3MEHEHHE TEMIEPaTyphl OT Mepudepun ropoaa K
LeHTpy. [IpuTOM NONOKUTENBHBIE 3HAUEHUS] COOTBETCTBYIOT PaliOHAM C IIOBBIILIEHHON TEMIIEPaTypOu.
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Puc.2. OTKnoHeHWe TeMnepaTypbl B TOUKe HabNOAEHMA 0T CpeiHero No BCeM AatymKkaM iButton. Ha puc.2a 3a MecTo Hyns
npuHATa TeMnepatypa -25,4°C, v Ha KapTocxeMe NoKasaHbl cpefHue 3Haqenus 3a 01.02-03.02. Ha puc.2b 3a MecTo HynA
npuHATa TeMnepatypa -23,87°C, nokasaH MaKcMMarbHO MHTEHCUBHBIA FOPOACKOM OCTPOB Tenna.

B 1ieHTpaabHOM YacTH ropojia B CPeIHEM 3a XOJIOMHbIN meproj Temieparypa osuta Ha 8°C Gosblile, yem
Ha craHimu Tuk-I'yba — caMoif XOJIOMHOW TOYKE MUCCIEAYeMO MECTHOCTH. boree Toro, m1ocTaTouHO CHIIBHO
MPOCIIEKUBANICS PE3YJbTaT IEHCTBUS TaK HA3bIBAEMOI'O TOPOACKOT0 KaHbOHA, KOTOPBIN B YCIOBHSIX BBIXOJIAXKHU-
BaHUS MEPEOTPAXKAET TEIUIOBOE U3ITyUCHHE 3[JaHUI, YMEHbIAsi CKOPOCTh OXJIXKIACHHSI 3aHUN U MECTHOCTH
BOKPYT HUX. EMUHOBpEeMeHHbIe KOHTPACTBI TEMIIEpaTyphbl BO3/1yXa M0 JAaHHBIM U3MEPEHUH Ha BHICOTE 2 METpa
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B mperiesiax u 3a ropogom gocruranu 10°C. bpiio mokasaHo, 4To mpu O1aronpHsTHBIX CHHONTHYECKHX YCIIO-
BUSIX B IIpejiesiax roposia (opMUPYETCss MOLIHBIA OCTPOB TEIUIA, SIBJSIFOLIMNCS KIIIOUEBBIM (GakTopoM (hopmu-
POBaHMsI IPOCTPAHCTBEHHOT'O PACIIPECICHUS TEMIIEPATYPhl B TOPOZIE M €0 OKPECTHOCTSIX.

[ToMMMO METEOPOJIOTHYECKUX U3MEPEHNUH, OblIa 3aJI0’)KeHa OCHOBA ISl ITOCIIE/YIOIEro MUKpOMacIiTao-
HOTO MOJICJIMPOBaHMS aTMOC(EPHBIX MPOLIECCOB BHYTPH T'OPOJICKOTO M10JI0T'a, ISl YETO B pe3yIbTare MapIpyT-
HBIX HaOITIO/IeHNIT OblIa OKOHYATEILHO 3all0JIHeHA OHJIaH-0a3a JOCTYIHBIX JJaHHBIX O ()OpPME U BBICOTaX 3/1a-
HUH LEHTPAIBHOTO s1Ipa I.ANIaTUTHI.

Takoke ObUIO IPOBEAECHO UCCIIEAOBAHUE YCIICITHOCTH BOCIIPOM3BECHUS MTOJOOHBIX SBICHHUI PErHOHAb-
HBIMH ITPOTHOCTHYECKUMH MOZECISIMH, U JIaXKe MTPEAIIPUHSTA TIOTBITKAa CMOJICIMPOBATH BHIIICOIMCAHHBIE TIPO-
LI€CChI B IPU3EMHOM ITOIPAaHUYHOM CJIO€ € MTOMOILBIO MozienbHOro nakera WRF-ARW.

Hccnedosanue dvL10 6vinonnero npu noddepiicke npoekma PODU 18-05-60126.
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river runoff set the flow of fresh water into the ocean that affecting the thermohaline circulation. Be-

ides, the runoff is a convenient criterion for the land model validation — it characterizes the errors in a

water balance calculation on the catchment, wherein a runoff measured data is accurate and well-covered. Need

for improvement of runoff calculation in Earth system models and weather forecast systems are justified by
following circumstances:

- the river runoff determine carbon inflow in ocean [Malakhova and Golubeva, 2007; Raymond et al.,
2013] that is not enough considered now in climate models;

- a surface area of rivers is about 0.58+0.06% [Allen and Pavelsky, 2018] of surface area, but heat and ra-
diation fluxes from them are usually not explicit considered in models; in medium-term perspective rivers are
expected to be added as a particular surface tile within the framework of the mosaic approach and so runoff will
be their main characteristic which determines surface area;

- arealistic calculation of rivers level and discharge in climate and weather forecast models would be be-
tween the most demanded products of calculation.

Studies of the accuracy of the river runoff calculation in the INM-RAS MSU model have been started only
in recent years [Nasonova et al., 2018]. The report highlights the study of the sensitivity of the runoff-calcula-
tion block to the correction of outer parameters and functional form of some parametrizations. The success of
the introduction of certain solutions was estimated by comparing the values of the simulated and observed
runoff in the mouths of large (resolved on the model grid) rivers. Verification was mainly carried out for the
Northern Dvina basin [Stepanenko et al., in prep.]. The choice of the basin was justified by the criteria of uni-
formity of the relief, minimization of anthropogenic change of the territory and regulation of the runoff, the
absence of complicating factors — permafrost influence of soil characteristics, glacier supply, etc. The ERA-In-
terim reanalysis for 1979-1994 was used as a source of meteorological forcing (spatial resolution 1°x1°, tempo-
ral — 6 hours). For river net construction global river flow direction and slope data from ISIMIP project was
used (spatial resolution 0.5°x0.5°) [D6ll and Lehner, 2002].

The changes were made in INM RAS-MSU model are listed below.

1) Increase the resolution of the spatial grid. Initial model version worked on a 2°x1.5° grid; the transition
to the 0.5°x0.5° grid was made, with the replacing of initial surface types and soil size distribution [Wilson and
Henderson-Sellers, 1985] with ECOCLIMAP-I data [Champeaux et al., 2005] and ISIMIP2b data for lake dis-
tribution [Lehner and Doll, 2004; Choulga et al., 2014].

2) Correction of function describing the stress of stomatal resistance due to soil moisture. In initial model
version the stress-factor had the form of a decreasing linear function on the “wilting interval” - for critical val-
ues of the available soil moisture; the interval was shortened by the experience of other models [e.g., Kli-
marechenzentrum et al., 1992].

2) Recalculation of the dynamic roughness map. Dynamic roughness in the initial model version was cal-
culated through a dependence on the absolute height of the relief; it was replaced by the assignment of paramet-
ric values for different surface tiles [Davenport et al., 2000] and further weighted cell averaging according to
the mosaic concept.

Risver runoff is one of the components of the global hydrological cycle. In the INM RAS-MSU model
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