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Experimantal study of urban heat island of biggest
Arctic cities: methods and first results

'Konstantinov P.I., ‘Baklanov A.A., 'Varentsov M.l., ‘Repina I.A., 'Samsonov T.E.,
'Shuvalov S.E., 'Grishenko M.Yu.

' Lomonosov Moscow State University, Russia

? World Meteorological Organization, Switzerland

* Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
E-mail: kostadini@mail.ru

literature. Actually, we know nothing about behavior of the heat islands during the polar night, while
anthropogenic heat is the main source of thermal energy.

This study is aimed to mitigate this lack of information about climatology of UHI formation in Russian
cities of Arctic zone. In this paper, we consider the results of experimental research of the UHI of 4 biggest
Arctic Cities (Murmansk, Norilsk, Apatity and Vorkuta), which were obtained during the expedition of Russian
Geographic Society in 2013-2014.

Due to severe climatic conditions, we ought to use three types of different measurements techniques:

1. Mounting of two automatic weather stations (AWS) in rural zone and city center

2. Development of small temperature sensors (iButton) network in the city and suburbs

3. Regular car-based temperature sounding of the city with AWS.

4. Using MTP-5 microwave temperature profiler.

This research allowed to collect unique data about UHI in high latitudes. Analysis of the collected data
showed the existence of UHI with the difference between city center and surrounding landscape up to 5-7 de-
grees Celcius. UHI characteristics in view of synoptic conditions was analyzed for several typical situations,
for some cities (Norilsk) the negative correlation of the UHI power with air temperature was determined.

l ] rban Heat Island (UHI) effect (Magee et al, 1999) in high latitudes is very poorly described in scientific

References:
1. Magee N., Curtis J., Wendler G., The Urban Heat Island Effect at Fairbanks, Alaska// Theor. Appl.
Climatol. 1999. V. 64, pp 39-47

JKCnepuMeHTanbHOe NccnedoBaHWe OCTPOBOB Tensa
KPYMHEMLWNX apKTUYECKUX FOPOA0B: METOANKA U MepBble
pe3ynbTaThl

'"KoHcTantunos M.1., ‘Baknanos A.A., 'Bapenuos M.WU., ‘Penuna U.A., 'Camconos T.E.,
'lWysanos C.B., Tpuwenko M.I0.

'"MoCKOBCKMIA rocyaapcTBeHHbIN yHuBepcuTeT uM. M.B.JlomoHocosa, MockBa, Poccus
? BcemupHas MeTeoponoruueckan Oprannsauusa (BMO), Henesa, LUiseiiuapusa

* UHcTuTyT dM3nkm atMocdepbl uMenm A.M. 06yxosa PAH, Mockea, Poccusa

E-mail: kostadini@mail.ru

BBEOEHNE

OrpoMHOE BHUMaHHE MIPOBOTO COOOIIIECTBA CIIEIHAINCTOB B 00JIACTH TOPOACKOH METEOPOJIOTHH TTPUKO-
BAHO B HACTOSIIIIMI MOMEHT K METAIoJI1caM TPOIMYECKOI 30HBI — 3TO CBSA3aHO C 3aMETHBIM HE0CTAaTKOM (DyH-
JTAMEHTAJIBHBIX 3HAHUH O KIIMMAaTHIECKUX 0COOCHHOCTSIX TTOJIOOHBIX TEPPUTOPUII B IPUHIIUIIE, TaK M ypOaHH-
3MPOBAHHBIX TEPPUTOPUI B HACTHOCTH. TeM OoJiee yTMBHUTENICH TOT (DAKT, UTO K HACTOSIIIIEMY MOMEHTY KpaiiHe
MaJio HH(POPMAIUU 0 MUKPOKIMMATHYECKIX 0COOCHHOCTSIX TOPO/IOB, PACIIONOKEHHBIX MO IPYTYIO CTOPOHY OT
YMEPEHHOTO M0sIca - 3a MOJIIPHBIM Kpyrom. VIMeroTcst JWINb eMHUYHBIC MCCIEI0BAHUS, TPOBEACHHBIX HA
AJscKe ¥ TTOKa3aBUIMX CYIIECTBOBAHHME B 3MMHEE BPEMSI MOIIHBIX OCTPOBOB TEIUIa B OTHOCHTEIIFHO HEOOIb-
mmx ropopax bappoy n ®apbankce. Tak, Temneparypa B HEHTPE ITOCIEIHETO, HECMOTPSI Ha OTHOCHUTEIHHO
HeOoJpIIoe (35 THIC. YENOBEK) U TPAAUIIHOHHYIO TSI AMEPUKH MaJIOATAXHYIO 3aCTPOIKY, B 3SMMHHE MECSIIBI B
cpenHeM Ooree yeMm Ha 1° BbIIIe, YeM B PAacHOJIOKEHHOM 3a IpeaeitaMu ropoja asporopry (Magee u np.,

< CONTENTS SESSION MODELING AND ANALYSIS OF REGIONAL CLIMATE
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1999). MoxHO 0XKHIaTh, 9TO B O0JIee KPYIMHBIX TOPOAax ¢ Ooiee MIOTHOH 3aCTpOoKol JaHHBIN 3 dekT Oymet
3HAUUTENBHO CUIIBHEE.

W3ydenne MonsipHBIX OCTPOBOB TEIIA TAKXKE UMEET BaXKHBIN HKOJIOTMYECKUI aCTIEKT: TaK KaK B YCIOBHAX
TIOJISIPHOM HOYM OHU CO3/IAI0TCs TVIaBHBIM 00pa3oM 3a CUET aHTPOIIOTCHHBIX HCTOYHHUKOB TEIUIA, UX M3yUCHUE
TTO3BOJIUT TTOYYIHUTh JAHHBIE O TEIUIOBOM 3arpsi3HEHUHU OKPY KaIOIIEH Cpesibl.

K mpumepy, poccuiickne Hopuiabsck 1 MypMaHCK, pacONOKeHHbBIE Ha MIHpoTe mouTH 70° C.1m, SBISI0TCS
JByMsl KDYIHEHIINMU B MHPE TOPOJIaMH, PACTIOIOKECHHBIM 32 MOJIIPHBIM KPYTOM, 1 MHOTOKPAaTHO MPEBOCXO-
1t bappoy n @3p0aHKe 1Mo MII0IaAN 1 HaceIeHUI0. 3HaYNTEeIbHAs ITomaas Hopuiibcka, BEICOKas IIIOTHOCTh
3aCTPOHKH, a TAKXKE HU3KHE 3UMHHE TEMIIEPaTypbl, OIPEEIAIONINe OONbIINE SHEPro3arpaTsl Ha OTOIUICHHE,
JIETIAf0T €ro OHUM M3 JIy4IINM MECT JUIs U3ydeHus 3 Qekra 0cTpoBa TEIUIA CEBEPHBIX TOPOJOB BOOOIIIE.

B cBs131 ¢ 3THM OblTa c(hopMUpPOBaHA OCHOBHAS TEMa UCCIICOBAHMUS: IPOBECTH SKCIIEPUMEHTAIBHOE HC-
CJIeI0BaHME FOPOCKOTO OCTPOBA TETIa B KPYIHBIX Topojiax cesepa Poccun: B Anarurax, Bopkyre, Mypmanc-
ke 1 Hopunbcke (kpymHeimme poccuiicknue roposia 3a MOSIPHBIM KPYTOM) B YCJIOBHSAX MOJSIPHOTO JHS U HO-
JISIPHOM HOYHM ITyTEM NPOBEJCHUS METEOPOIOTHUECKUX HAOMIONEHUH B LIEHTPE TOPo/ia U B (DOHOBBIX YCIOBHUSIX
Ha y/IaJIEHUH OT TOPOJICKON 3aCTPOMKH.

METOAMKA NCCIIEAOBAHNA:

IToCKONBKY CYIICCTBYIOIIMX JaHHBIX METCOPOJIIOTMYECKHX CTaHIMH ceTH PoclmapomeT HenocTaTo4Ho
JUTSL OLICHKH TOPOACKOr0 OCTPOBA Teruia (B Jy4IIeM CIIydae B Ka)KJIOM U3 TOPOJOB €CTh MAKCUMYM OJ{HA CTaH-
1HsT), HICKOMYFO HH(OPMALIUIO BOBMOYKHO MONYYHTb JIAIIBL SKCIICPUMEHTAIBHBIM clIoco0oM. i1 HageKHOCTH
MBI UCITOJTB30BAITH CPa3y TPH Pa3IMYHBIX METO/a HCCIIEA0BAHMI TOPOJCKOTO MUKPOKINMATA!

1. Asromarmyeckue Meteoctanmmu (AMC) Davis Vantage Pro 2 (Puc. 1, 2), m3mepsrommue TeMnepary-
Py, BIQXHOCTb ¥ CKOPOCTBH BETPa, U XOPOIIO cedsi 3apeKOMEHI0BABIINE B MHOTOYHCIICHHBIX Kade-
JPaNTbHBIX DKCIICAUIHUSX 33 CYCT OTHOCUTEIBFHO HU3KOH CTOMMOCTH, HAZIG)KHOCTH M XOPOIICH TOYHO-
ctr namepennii Temrmeparypsi (0.5° C).

2. Tepmomarumku iButton ot amepukanckoit ¢pupmbr Maxim Integrated (http://www.maximintegrated.
com/), IpeCTaBIISIONINE CO00H U3MEPUTENb U JaTa-JIOITep TeMIepaTyphl BO3IyXa (C TOYHOCTBIO
0.5° C) B MeTayumueckoM kopryce (Puc. 2, BHH3Y).

3. MoOunsHBIe KOMITIEKCH Ha ocHOBe Davis Vantage Pro 2 (puc.3).

Puc. 1. YcTaHoBKa MeTeoCTaHLMM B Puc.2. BbicoKkoTouHbI M3Mepu-  Puc.3. MobUbHbIN M3MepUTENbHBIA KOM-
npuropoge HopunbcKa B nypry, npu TenbHbIM Komnnekc Davis Vantage nnekc Davis Vantage Pro Ha ocHoBe apeHfo-
TeMneparype -22 rpagyca v npu BeTpe Pro Ha LeHTpanbHo nnowaam BaHHoro Renault Duster. ®oTo

17 m/c. ®oTo M.N.BapeHuoBa. ropoga AnatuTbl. TepMoxpoHHble  M.U.BapeHuoBa.

[aT4MKM (BHM3Y CeBa).

[Tono6Hast MeTOMKA IO3BOJISET HOAPOOHO KAPTUPOBATH C HEOOIBIION IOrPEHIHOCTHIO BCIO TEMIIEPATY Py
Ha yIIULax ropoja, TeM 0ojee, CeBepHbIE TOPOAa JOBOJIBHO KOMIAKTHEL. MIMEHHO ¢ IOMOIIbIO COYETaHUs AaH-
HBIX CIIOCOOOB ObLIa MOJNTy4YeHa KapTa, IOKa3bIBAIOLIasi HACKOIbKO HEOJHOPOAHA MOXKET OBITh TeMIIEpaTypa
HOYBIO B Ipesiesiax Hebomboro (59 Teic sxxureneit) ropoga Anarutsl (puc.4)

Xopomio BUAHO, YTO Ha HEOOJIBIINX PACCTOSHHUAX MPU AHTUIMKIOHAIBLHOM THIIE TIOTOAbI TEPMUYECKUE
KOHTPACTHI B Ipe/ieax HeOOBIIOro ropojia MOTyT 0CTUrarh 4-5 rpanycoB. B orienbHble cpoku pa3zHOCTh
TEMIIEpATyp NOCTUTaeT 5-7 rpagyCcoB.

PE3Y/IbTATbI

Amnanorn4nele U3MepeHHs ObIIIM TIPOBE/ICHBI BO BCEX ropojiax npoekra. Brepssie B ictopun Hopuibeka,
BopkyTsl, MypmaHcka U AIaTHT H3MEPEHBI IPOCTPAHCTBEHHBIE XapaKTEPUCTHUKH TOPOACKOTO OCTPOBA TETIIa
JJIA COOTBETCTBYIOMINX CUHOIITUYCCKUX yCHOBHﬁ. PeSyJ'IBTaTI)I TOJIYYHIIUCH JOBOJIBHO HEOXKHNTAHHBIMHU. Tak B
Hopunbcke u B AnaTurax pa3HuIia TeMIEpaTyp MEXIy LEHTPOM Topoaa M OKPECTHOCTSAMH COCTABISAET 10 5-7
rpagycoB, B MypMmaHcke n BopkyTe pa3nuuus noixyduianch 6onee crimaxxeHHBIMU. COTacHO TpeIBapuTeNb-
HBIM pe3ynbratam (puc.S), o100HbIe MUIIOTHBIE UCCIIEOBAHHS MOTYT UMETh HMCKIFOYUTEIbHBI YKOHOMUYe-
cKkuii ahpexT.

CEKLUA MOOE/TMPOBAHME 1 AHAJTU3 PETMOHAJIBHOIO KITUMATA COAEPHAHMUE »
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CoracHO OIEHKaM aisi ATATHTOB, PETYIsp- Anaruret. Mone Temneparyp Bo3ayxa HoubLIo 29.01.14
Has olmMOKa B OLCHKE TeMIlepaTypbl BO3AyXa Ha
OJIMH Tpajxyc, IPUBOAUT B TEYCHUE OTOIHMTEIHLHOTO
nepuosaa (251 nens B AmaTturax) K JAOMOTHUTENb-
HBIM TpaTaM 0oJjiee 4eM 8 ¢ IOJTIOBHHON MIIITHOHOB
pyOueit. B HacToAIIIT MOMEHT C TIOMOIITHIO0 MOACTH
COSMO_CLM omueHuBaOTCS M3MEHEHHS MOJEH
TEeMIIEpaTyphl M BIQXKHOCTH BO3yXa B roponax Ap-
kruueckoi 30Hbl PO B XXI Beke, a Takxke n3ydeHue
YETBIPEXMEPHOU NPOCTPAaHCTBEHHO-BPEMEHHOMN
CTPYKTYPBI TOPOJICKOTO OCTPOBA TEILIA.

Dkcnepumenmanvuas wacmes pabomel u meo-
pemuyeckue 0600uienus 8 0OIACmU NEPEULHOL 06-
PAbOmMKU  OAHHLIX BLINOIHEHbI NPU  NOOOEPIICKe
epanma Pyccxoeo ['eocpaguueckoco Obujecmsa
Ne27/2013 « Knumamuyeckue mainvl Apkmuxu: uc-
cnedosane KIUMAMA NONAPHLIX Me2anoaucosy,
OYeHKA DKCNepUMEHMATbHbIX MemoOuK u paspa-
b60mKa mexHoI02UU MOOETUPOBAHUA OYOYUUX U3Me-
HeHuil sAéneHus - 3a cuem epamma Ilpesudenma
Poccuiickou  @edepayuu 0na eocyoapcmeenHou
N000EPIHCKIU MOJIOObIX POCCUNICKUX YUEeHbIX — KAHOU-
oamos nayk MK- 6037.2015.5.

h-mwmnbmmm
AT M s M s WACUTaL,

EEEY L

Puc.4. TemnepaTypa Bo3ayxa B npefenax ropoga AnatuTsl
B nepuop 02:00-04:00 29.01.2014.

OwwubKa B y4eTe Temneparypbl
Ha 1 rpapyc B CyTKu
Jumepamypa:

1. Magee N., Curtis J., Wendler G., The Ur- Msumum:e CHMraHue Ha
ban Heat Island Effect at Fairbanks, Alas- Anatirchoi T 31,16 TOHHKb!
ka// Theor. Appl. Climatol. 1999. V. 64, pp —

39-47

2. P Konstantinov, A. Baklanov, M. Varentsov,
E. Kukanova, I. Repina, S. Shuvalov, and T.

3a aHBapb 2014 ropa nepepacxop,
Samsonov. Experimental urban heat island nopagxa 1 326 244 upyﬁneu 3a
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climatic variations during the last decade. These climate variations significantly influence the climate of
surrounding areas and planate climate in general.

The Barents Sea is selected as the study area in the Arctic Ocean, because this region has the lowest con-

centration of sea ice. The Western Siberia and North-Western Russia are selected as the study areas over the

S ignificant climate changes are observed in the polar latitudes of the North Hemisphere, with the greatest
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