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MOACTHUIAIOIICH ITOBEPXHOCTU U/UIIH
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XapakTepUCTUKU U MHAUKATOPhI aTMOC(EPHBIX IIPOLECCOB
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Ba)XHOCTh CIIyTHUKOBBIX HAOJIIOACHUM aTMOC(EpHBIX MPOLIECCOB
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.
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TABLE 1 Estimates of tropical widening (in degrees latitude per decade)
from observation-based studies
Study Indicator Data Widening
Rosenlof [13] Tropical upwelling Analyses 3.0
(60 hPa)
Reichler and Tropopause height Radiosonde 0.4
Held [14] -
Tropopause height Reanalyses 0.7
Fu et al. [15] Tropospheric ML 0.7
temperatures
Hudson et al. [16] Total ozone TOMS 1.0 (NH only)
Seidel and Randel Tropopause height Radiosonde, 1.8-3.1
[17] reanalyses
Hu and Fu [59] Outgoing longwave Various satellite 1.5
radiation SENSOrS
Mean meridional Reanalyses 1.0
circulation
Archer and Caldeira  Jel stream separation Reanalyses 0.3
[92]
Seidel et al. [23] Jet stream separalion Reanalyses 1.0
A

Reichler T. Changes in the atmospheric circulation as indicator
of climate change. In: Climate change: Observed impacts on

planet Earth (Ed. Trevor M. Letcher). Elsevier. 2009. P. 145-164

Model simulated widening of the tropics

N
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-

1 beer_bem2_0
2 cccma_cgem3_1 10 miroc3_2_medres

9 ipsl_cm4

northward
n

3 cnrm_cm3
1.5" 4 csiro_mk3_0
5 gfdl_cm2_0
1 6gfdl_cm2_1
7 giss_model_e_r
0.5 8inmcm3_0

11 mpi_echam5
12 mri_cgem2_3_2a
13 ncar_ccsm3_0
14 ukmo_hadcm3
15 ukmo_hadgem?1

displacement of dry zone/°lat

southward
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displacement of the Hadley Cell boundaries/“lat

northward

FIGURE 4 Displacements of (x-axis) the poleward boundaries of the tropical HC and (y-axis)
the subtropical dry zone for different GCMs and scenarios. Reddish colors are for the NH and blu-
ish colors are for the SH. The circles, hexagrams, and triangles denote the changes (2081-2100
minus 2001-2020, in degrees latitude) estimated from the A2, AIB, and Bl scenarios of the
IPCC-AR4 simulations. The open symbols denote the multimodel ensemble mean values. The
crosses centered on each circle show the 95% confidence intervals using a Student's r-test.
Adapted from Ref. [22].
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Briusiaue ypoBHS 00paOOTKH CIIYTHUKOBBIX JJAHHBIX Ha BRIOOP METOJIMKH aHAIN3a

rapaMeTphl aTMOC(I)CpBI U3NYCCKOC MOICIMPOBAHUC,
151 HOBCpXHOCTI/I) OKCIICPTHBIC OLICHKH
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BianmonononHseMocTs cnyTHUKOBOW CBY-pagroMeTpun u paaruoIOKaluu

Pannonokarop CBY-pagnometp
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prOHICHHOe YPAaBHCHHUC IICPCHOCA U3JIIYUCHHNA B MUKPOBOJIHOBOM AHAIIA30HC

z
‘? / Peructpupyemas spkoCcTHas TeMmeparypa
/\ Ty, = / H3nydeHne moJacTUIarIen IMOBEPXHOCTH
= Toegexp(—1) Bocxoasiiee u3nydeHue clios
dz ¥(z), 1(z) + f T(2)y(2)exp| — f y(h)dh |dz
1

/T, R, € : : 0 ’ Z
| o / +Roexp(—r)f’1’(z)y(z)exp —fy(h)dh dz

0

KocMmuueckoe uszityueHue,
OTPAKCHHOC ITIOBCPXHOCTBO ROT?" gxp(_ZT)
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a) North Sea b) Norwegian Sea

Knumaromaorus 29
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Map legend Maritime stations
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Table 2
List of PLs Impacting Maritime Station, Considered in This Study

[Ipumep 3amucu

No Date Station Minimum MSLP time Maximum WS Maximum SWH ((l)paI‘MeHT):
1 31/01/00 76925 08:00 31.5 7.2 MSLP .
31/01/00 76928 08:00 17.7 6.5
31/01/00 76930 09:00 21.5 6.4 MUHHUMAJIBHOES
2 12/11/01 76925 13:40 19.3 8.5
12/11/01 76928 11:20 16.5 9.1 HABJICHHC HaA
12/11/01 76930 09:20 18.1 6.7
3 23/01/02 76925 10:40 12.2 3.8 YPOBHG MOPH;
23/01/02 76928 07:00 15.6 3.8
23/01/02 76930 06:40 13.1 4.7 WS CKOPOCTB
4 25/01/02 76925 - 12.4 5.5 .
25/01/02 76928 05:40 117 5.2 BeTp a,
25/01/02 76930 06:00 8.5 5 SWH _
4bis 25/01/02 76925 16:40 12.2 5.3
25/01/02 76928 14:40 14.9 4.9 3HAYUMAa
25/01/02 76930 11:20 8.6 4.8
5 23/02/02 76920 09:00 18 73 BbICOTA BOJIH
23/02/02 76926 03:40 18.8 —_
23/02/02 76925 19:20 19.6 8.5
23/02/02 76928 18:20 18.9 8.1
23/02/02 76930 17:00 22.8 7.8
6 31/01/03 76920 04:40 16.9 7.2
31/01/03 76926 02:00 21.5 7.7
7 31/01/03 76923 15:00 24.5 10.5
31/01/03 76932 17:40 20.1 6.7
8 29/01/04 76920 00:00 16.6 6.8
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Winds at 10 meters

Significant wave heights
25 1004

0 988 0 988
-12:00 - 06:00 00:00 06:00 12:00 -12:00 - 06:00 00:00 06:00 12:00
Reference Time Reference Time

Figure 2. Mean and range standard deviations of wind speed and significant wave heights averaged for transits of 29 polar
lows (refer text). The 00:00 reference time is the time of minimum sea level pressure (SLP).

a) Wind speed (10 m above the ground) b) Significant wave height
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Figure 4. Peak wind speeds (a) and significant wave heights (b) for the 29 polar lows. The red rhombus indicates the mean
value. The reference time corresponds to the time of minimum sea level pressure (MSLP).

Cpennuii mo ancamosro 1111
MaKCUMYM CKOPOCTH BeTpa
coctaBuia 17,1 m/c u
(bUKCUPOBAJICS Yepe3 OAMH Yac
OCJIE JOCTHXKCHHUS
MHHHUMAJILHOT'O JIaBJICHUS Ha
ypoBHE Mops (okojio 991 rlla).

Cpennuit mo ancamosro 11
MaKCUMYM 3HA4YMMOM BBICOTBI
BOJIH cocTaBuia 6,3 M u
(UKCUPOBAJICS Yepe3 TPH Yaca
MIOCJIE TOCTHUKECHHUS
MHWHHUMAJIbHOIO JIABJICHUS HA
YPOBHE MODS.
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Peaks of wind speed Peaks of significant wave height
a) Diameter < 350 km (Q1) b) Diameter > 520 km (Q3) a) Diameter < 350 km (Q1) b) Diameter > 520 km (Q3)
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bonee kpynnbele u ObicTpee mepememaromuecss I maroT Oonbide BO3MYIIEHHS B CKOPOCTH
BETpa ¥ B 3HAYMMYIO BBICOTY BOJIH. JlMama3oHbl BO3MYIICHUU IEPEKPHIBAKOTCI, HO
MIOATBEPKIACHBI UX CTATUCTUYECKU 3HAUMMBbIE OTIUYMs. CM. TakKe BpeMs 3ara3/ibIBaHus!
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Air temperatures at 10 meters and Sea Surface Temperatures
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Figure 3. Mean sea surface temperature and air temperature during the transit o
time of minimum sea level pressure. Note the different scales used for sea surface

CpenHui Xon TeMIeparypbl BO3yXa
M [IOBEPXHOCTHU OKEaHa AJs1 Hanooee
nHTeHCUBHBIX [11]. KauecTBEeHHO Ta
K€ KapTHHA.
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29/01/2003 - 11:36 UTC
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.m;gvg;mwc S (21112000 e A 3 ;;;g%-owuw Figure 10. Satellite imagery illustrating the passage of PL25 over maritime stations in the Norwegian Sea
- o 7/ ¥ | NOAA = National Oceanic and Atmospheric Administration.

KymynatuBHbIN 3PGdEKT OT MOCIEA0BATEIBHOTO MPOXOKICHUS
tpex IIL BOmu3u mereoctanuuu — nuku CB (m/c) u CBB (m):
1) 16,7 m/cu 5,2 m;2) 19,2 m/cu 6,2 m; 3) 24,5 m/c 1 10,5 m.
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Figure 7. AVHRR thermal-infrared satellite images showing PL6 and PL7 (panels a-d), PL13 (panels e-h), PL17 (panels i-l), and PL25 (panels m-o).

AVHRR = advanced very high resolution radiometer; MODIS = Moderate Resolution Imaging Spectroradiometer. ) _
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(b) DN s . i Uccnenosan 1111 le Cygne («Jlebenp»). I umen
% | aHOMAJIbHO JOJITOE BpeMs xm3HU (72 4aca), uTo
ITO3BOJIMJIO HEOJHOKPATHO HAOJIOAATh €T0
HECKOJILKMMU CIIyTHUKOBBIMU IMIPUOOPaAMMU:
- AVHRR (popma obmauHocTH),
- TOVS (BepTukaibHbIE TPODUITN TEMIIEPATYPHI),
- SSM/I (uHTerpaabHOE BIIAroCoAcpKaHue,
BOJ[03aI1ac 00JIaKOB, CKOPOCTh ITOBEPXHOCTHOTO
BETpa, pacCeIHNE Ha KPYIHBIX YaCTUIIAX JIbJA),
- Topex-Poseidon (pa3pe3bl CKOPOCTH BETpa U
3HAYMMOM BBICOTHI BOJIH).
[IpuBiedYeHbl TaKkKe KopaOelIbHbIC U3MEPECHHUS.
B urore npoeaeHo yncieHHoe mojaeauposanue 1111
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OnHa 13 MEPBBIX NOIBITOK NOCTPOUTH KIUMATONIOTHIO (3a 2004 —
2005 rr.) I11] Ha OCHOBE CIYTHUKOBBIX JaHHBIX J[33.

YKa3aHO, 4YTO UCTIOJIb30BAHUE PEAHAIN3A HE JJOCTATOYHO B CHITY
HEYAOBJIECTBOPUTENBbHON BocipousBoaumoctu 1111 B mogensx.
Beeneno yetkoe pasrpannyenue 1111 — IIMI] o kpurepuro
MAaKCUMaJIbHOU CKOPOCTH BETPA.

N3 storo cienyet, yto ananuza opmbl oonadynoctu o MK-
HaOJIFOACHMSIM MaJjlo, HY>KHbI JlaHHbIe 0 BeTpe (SSM/I, HOAPS).

to] 1 Herextuposano 90 IIL{ u 109 TIMII;

14 175 IIL1 B dpopme 3amsTou, 15 — ciupanm.

iof | Tlomyuens! pacnpenenenus I111 mo yactore
BO3HMKHOBEHHS B Pa3HbIC MECAIIBI (CJIEBA),

MaKCUMaJIbHBIM CKOPOCTSIM BETpA,

pasMepaM, BPEMEHU KU3HU U JP.
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CneBa Hampago:

NBA no SSM/I (aBTopckas
METOIMKA)

CB no SSM/I (nannbie RSS)
O6nagnocts mo AVHRR
(rertoBoit K kanain),
CTpenkou nokasa [11]

19 January 2000 13:00:00 UTC

5 10 15 20

Figure 1. A polar low on 19 January 2000 present on (a) total atmospheric water vapor content field, (b) sea surface wind speed field, and (c) AVHRR thermal infrared
imagery; red arrow points to cloud signature associated with a polar low.

PernonansHas kaumarogorus I111 3a 14 cezonoB (1995/1996-2008/ 2009) o nanabiMm SSM/I.

Brisasnensr 637 11 B CeBeprom, HopBexckom u bapeHieBom Mopsix.

MeToa0510rHs 3aKJIF04aeTCs B BBISABICHUM XapakTepHoi Gopmel 111 B mojie MHTErpasbHOTO BIarocoiep:kaHus u
JaJbHEHIIIEro MPUMEHEHUS KPUTEPHUS MAaKCUMaIbHOTO BeTpa (B TEUEHUE KOPOTKOI0 MHTEPBaIa BPEMEHHU ).
OtmeuaeTtcs, uto 1) ¢popma obmaunoctu no MK-HabmroaeHUsIM He BCerjia moka3areiabHa, T.K. Hernyookue T11
MOTYT IIEPEKPHIBAThCS 00JI€€ BBICOKMMHU CJIOSIMU 00JIAYHOCTH; 2) HEOOXOIUM OUEHb TIIATEJIbHBIA KOHTPOJIb
To4HOCTH BblunciieHus MBA no qanasiMm SSM/I BeiieicTBHE MX HEBBICOKMX 3HAUEHUM M MaJIbIX IPaIUCHTOB B
nosipHbIX oonactax. [Tonyuensl pacnpenenenus 11 mo nmameTpam, BpeMEHHU KU3HU, TPOHICHHOMY ITyTH,
CKOPOCTH Jpeiida, MaKCMMaJIbHOM CKOPOCTH BETpa.
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Fig. 1. Normalized weighting functions for the AMSU-A temperature
channels sounding in the troposphere (3-8) and AMSU-B channels at
nadir, for a subarctic profile.

KommnekcHoe onucanue 111, komOuHMpyroIiee n3o0paxkeHue 00JIaqyHon
ctpyktyphbl 110 UK-u3mepennsim AVHRR (11 mkMm), n300aps! 1o
mectruyacoBomy nporuosy moaenn HIRLAM wu curnan pagapHoro
paccesiHus Ha TUAPOMETEOpax.

PaboTa aHanu3upyetr NpuMEeHUMOCTh JaHHBIX AMSU 11 ucciaenoBaHus u
onrcanus cBOMCTB I1L]; Apyrue naHnHbpie OPUBICKAKOTCA IJIS1 IOATBEPKICHUS
MPENOI0KEHUN O MEXaHU3MaX, CBA3aHHBIX C (DA30BBIMH MEPEXO0IAMU BIIATH.
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3aKJIIOUCHUE

1. Pampmodusuueckue, B yactHoctu — CBU-paguoMmerpudeckue, HaOIIOACHUS, HECMOTpPS Ha
HU3KOE MPOCTPAHCTBEHHOE pa3peIlICHUE, KpalHE MOJIe3HbI MU BOCTPEOOBAHBI TPU
MCCIICOBAHUHN PAJIMYHBIX aTMOC(EPHBIX MPOIECCOB, B TOM YHCJIE — MOJSIPHBIX IIMKJIOHOB.

2. BaXHO MOTYEPKHYTh, YTO B CHUITY 0COOBIX MEXaHU3MOB (DOPMHUPOBAHUS, TOJTYYAaEMbIE B TAKUX
HAOJIFOACHUAX «M300paKCHUs» HE BCET/IA MTO3BOJISIIOT MHTYUTUBHO MOHATHYIO TPAKTOBKY U
TpeOYIOT MOHUMAaHUSI OCHOBHBIX 3aKOHOMEPHOCTEN IT'€HEPAIIUN U PACIIPOCTPAHCHUS
MHUKPOBOJIHOBOTO U3JIyUYEHHUS B MIPUPOAHBIX CpPEIax.

3. Cnenyet yuntbiBath, uTo K- n1 CBY- «u300pakeHus», MOJIYyYE€HHbIE CHHXPOHHO, MOT'YT
OTPaXKaTh «CMEIIECHHBIE» (Pa3bl Pa3BUTHUS OJTHOTO U TOTO JKE MPOIIECCA B CUITY HHEPIINHU
CHUCTEMBI OKEaH-aTMOC(epa U YyBCTBUTEIBHOCTH U3MEPECHUN K pAa3HBIM T'€0()U3NYECKHUM
apaMeTpaM.

4. B OOJBIIMHCTBE padOT, BILUIOTh 0 CAMBIX HOBBIX, ITOJYEPKUBAETCS, YTO aTMOC(HEPHBIC
MOJICJIM YCBOCHUA NaHHBIX |33 moka He BIIOJHE YAOBICTBOPUTEIBHO BOCIPOU3BOIST
ME30MacCIITa0OHbIC aTMOC(EPHBIEC MPOLIECCHI, B CBSA3U C UEM aKTyaJbHOCTh IIOCTPOCHMS UX
KJIMMATOJIOTHH Ha 0a3€ NPsAMBIX CIYTHUKOBBIX HAOIIOACHUN HE CHUXKAETCS.

XIV MexnyHaponnas mkosa-ceMuHap «CIIyTHUKOBBIE METOMBI M CUCTEMBI U3ydeHus 3eMin», Tapyca, 27.05.2026 I/I’{M



Jluteparypa

Blechshmidt A.-M. (2008), A 2-year climatology of polar low events over the Nordic Seas from satellite remote
sensing, Geophysical Research Letters, 35, L09815, do1:10.1029/2008 GL033706.

Claud C., Funatsu B.M., Noer G., Chaboureau J.-P. (2009), Observation of polar lows by the Advanced Microwave
Sounding Unit: potential and limitations, Tellus, 61A (2): 264-277, do1:10.1111/;.1600-0870.2008.00384..x.

Claud C., Heinemann G., Raustein E., McMurdie L. (2004), Polar low /e Cygne: Satellite observations and
numerical simulations, Quarterly Journal of the Royal Meteorological Society, 130 (598): 1075-1102,
doi:10.1256/q;.03.72.

Smirnova J.E., Golubkin P.A., Bobylev L.P., Zabolotskikh E.V., Chapron B. (2015), Polar lows climatology over
the Nordic and Barents seas based on satellite passive microwave data, Geophysical Research Letters, 42 (13):
5603-5609, doi:10.1002/2015GL063865.

Rojo M., Claud C., Noer G., Carleton A.M. (2019), In situ measurements of surface winds, waves, and sea state in
polar lows over the North Atlantic, Journal of Geophysical Research: Atmospheres, 124 (1): 700-718,
https://doi1.org/10.1029/2017JD028079.

XIV MexnyHaponnas mkosa-ceMuHap «CIIyTHUKOBBIE METOMBI M CUCTEMBI U3ydeHus 3eMin», Tapyca, 27.05.2026 I/I’{M



Pabota BeinonHeHa npu nojaepxkke rpanta PH® Ne 26-
MOJISIPHBIX IIUKJIOHOB HA OCHOBE CPEACTB AUCTAHIL




