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®POHTbI U PPOHTAJIbHbIE PA3AENbI — OOHU U3
BAXHEULLUUX NIEMEHTOB AUHAMUKN BO

» I'paHuiipl MeXay BOJAMU C Pa3/JIMYHBIMU (PU3UIECKUMHU XapaKTEPUCTUKAMU
» OO6mactu HanboJiee MHTEHCUBHOTO ITEPEMEITHBAHUS
» O06J1a/1a10T CJI0KHOU CTPYKTYPOM M BHICOKOM IIPOCTPAHCTBEHHO-BPEMEHHOM

HN3MEHYHNBOCTBIO.

[TpubpexxHbIit PpoHT,
Pa3ICIAIOIINN PACIIPECHEHHBIE
Y MOPCKHE BOJIbI B 3aiuBe Jla-
IInaTa Ha moaxoae K I.
MounreBuneo (Ypyrsaii)




KIIACCUDPUKAIIUA OKEAHCKHUX ®POHTOB

Tomczak M. (1996). Fronts in shallow seas and estuaries




®POHTbl U PPOHTAJIbHbIE PA3AENbI — OOHU U3
BAXHEWULLUX SNEMEHTOB OUHAMUKU BO[

O MnaorouuncjieHHOCTb, pa3HOOOpas3ue U BceMacIITabHOCTh PPOHTOB B OKEaHe
7leJIal0T UX YPE3BBIYAHO TPYAHBIM OOBEKTOM /ISl OIMCAHUS 1 U3yUYEeHUS.

O K coxaneHuio, MHOTHE HeoOXoAuMble HaOJI0eHUsA 3a GPOHTAMH /0 CHUX
IIOp He peajn30BaHbl, U (PPOHTHl MaJIbIX MaciTaboB (COTHH METPOB -
eIUHUIIBI KM B TIIOINEPEeYHHKE) K HACTOAMNMEMY MOMEHTY W3Y4YEeHbI
HEJIOCTATOYHO.

0 MeToabl BOCCTAHOBJIEHHSI IIPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHUK
OKeaHWYeCcKux (PPOHTOB II0 HMX NPOABJEHUAM Ha PATUOJIOKAIIUOHHBIX
n300pakeHUsAX MOPCKOW  TIOBEPXHOCTHU  CYIIECTBEHHO  PaCIIUPAIOT
BO3MOKHOCTH TIOJydeHUs HHQPOPMAIMM C BBICOKMM IIPOCTPAHCTBEHHBIM
paspelleHneM 0 IIPOCTPAHCTBEHHO-BPEMEHHOMN N3MEHYHUBOCTH,
O0COOEHHOCTSIX 3apOKJEeHHs, OSBOJIOIMU U paclpocTpaHeHUus QPOHTOB
MEHBIINX MAacIITaboB, a TaK)Ke O BOJIHOBBIX IIpolleccaXx U BHUXPEBBIX
BO3MYIIIEHHUAX, UMY ITOPOXKJAE€MbIX

Hecamas mexcoynapoonas Lxona-cemunap: «Cnymuuxosvie memoowl u cucmemvl ucciedoganus 3emau». 09.04 - 12.04.2019, e. Tapyca




OTOBPA’KEHHUE ®POHTOB B
CIIYTHUKOBbBIX TAHHbBIX BUAUMOTIO
AUANA3OHA

Pa3auuusi B IBEeTHOCTH
BCTYNAKIIMX BO
B3aUMO/IeHCTBHE

BO/I

Oco0eHHO XapaKTepHO AJis
(GpoHTOB NPUOPEKHON 30HBI

Pacnpocmpanenue nnoma pexu Bucivi 6
Toanvcrxom 3aruee ETM +Landsat-7
UBEMOCUHME3UPOBAHHOE U300PAdICEHUE 8

«ecmecmeernnvix yeemax» om 26 mas 2010,
9:29 GMT




OTOBPAXKEHHUE ®POHTOB B CI1YTHUKOBbBIX JIAHHBIX

[[47°N

HORA-16
26 Jun 2883
22:36 GHT
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[|37°N

Sea Surface Temperature

Sea Surface Temperature

47°E

UK AUANA3OHA

PA3JIMYUA B TEMIIEPATYPE COIITPUKACAIOIIUXCHA
BOJIHBIX MACC/TEYEHUIA.

 JleTHuil anBeJUTMHT UMeeT OoJbIoe 3HaueHue i Kacnuiickoro Mops,
HaOJII0JaeTCsl €KEr0JHO BJI0JIb BCETO BOCTOYHOTO 1nodepexbs CpenHero
Kacnus n yactuuno nponukaet naxe B FOxubiii Kaciui.

* [loabeM XO0NOIHBIX TTTyOMHHBIX BOJI MPOUCXOUT C PA3TUYHOU
WHTEHCUBHOCTBIO B pe3yJIbTaTe BO3/ICUCTBUS MPEOOIaIalONIHNX B JICTHUI
CE€30H FOr0-BOCTOYHBIX BETPOB.

* Berep aTux pyMOOB BBI3BIBAET OTTOK TEIUIBIX MOBEPXHOCTHBIX BOJ OT
Oepera u oJtbeM 0oJiee XOJOAHBIX BOJI U3 MPOMEXKYTOUHBIX CIIOEB.

* Ha moBepXHOCTH BOJIbI HA0JIFO1aeTCs IOHIKeHUE TeMiiepaTypsl (7 — 15

°C)..

30Ha anBeyiHra MHOrogpontanbia. OHa BKIIOYAaeT PPOHTHI, CBSI3aHHbBIE
C IOAbEMOM HUKEJIEKAIIUX BOJ K TOBEPXHOCTH M BBIXOJIOM Ha
MOBEPXHOCTh TEPMOKIIMHA, (PPOHTHI HAa TPAHUIIAX TPAHCHOPMHUPOBAHHBIX B
pe3yJIbTaTe NPOrpeBa U MEPEMEIIMBAHNS AllBEJIMHIOBBIX BOJ, a TAKKE
(GPOHTHI Ha TPaHUIIAX COMPOBOXKAAIONINUX AMBEJUIMHT KOTEPEHTHBIX

CTPYKTYp — CTPYH U BUXPEN

Cunonmuyeckass —cumyayusi ¢  UHMEHCUBHbIM  ANGENLTUHSOM
00HOBPEMEHHO V 3anadH020 U BOCMOYHO20 nobepedcuii Kacnusi:
UK-uzobpasicenue co cnymuuxa NOAA-16 3 uronsa 2003 .




PAINOJIOKAIIMOHHBIE U3OBPAXKEHUA
IHOBEPXHOCTHU OKEAHA BU3YAJIU3ZUPYIOT
JABUKEHUA KAK B OKEAHE, TAK U

/ATMOC(l)eprIe, Tak H BHyTpI/IOKeaHI/I‘{eCKI/Ie\
npoueccbl TeM WJIH HHBIM CIIOCOOOM MOIYJIMPYIOT
KOPOTKHE TPABUTAIMOHHO-KANMJISIPHbIE BOJIHbI
HA TMOBEPXHOCTH OKeaHa, YTO B CBOK oOuepeab

NPOSIBJISIETCS B MO JISIIIUSX
PAAMOJIOKAIMOHHOI0 CHIHAJIA /
Bblwe (hoHa
jf\ \/\ \/\ uHTEHCHBHOCTL PITH
Huxe (hoHa

g h NV A

AuBepreHupa _"'l |“— KOHBEPreHuua

5 ) /




OnTuueckuy JUanna3oH PaguoJsokammsa

BuauMbIi — TOJIBKO B CBETJIOE BpEMsI
CYTOK.
N K- KpyriocyTo4HO

Bausguue ob61auHOCTHU

HeobxoammMocTh aTMOchepHOU
KOPPEKIUH

MaJsio 3aBUCHUT OT JUIJIEKTPUUYECKUX
CBOMCTB ITO/ICTHJIAIOIIEN TOBEPXHOCTHU

MaJio 3aBUCHUT OT IIIEPOXOBATOCTH
IIOJCTHUIAIOIIEN TOBEPXHOCTHU
(IpUOBEPXHOCTHBIN BETEDP)

KpyriiocyTouHo.
HeT 3aBUCHUMOCTH OT COJTHEUHOTO
OCBEIIIeHHUA

He 3aBucHUT OT 00J1aUHOTO ITOKPHITHUSA

OTCyTCTBYET BIMSIHUE COCTOSIHUSA
aTMocdephl.

3aBUCHUMOCTD OT JHAJIEKTPUUECKUIX
CBOMCTB IOJCTHJIAIOIIEN ITOBEPXHOCTH

MaJio 3aBHCHUT OT IIEPOXOBATOCTU
MOACTUIAOIIEN TOBEPXHOCTH
(IpUIOBEPXHOCTHBIN BETED)




OTOBPAKEHUE ®POHTOB B JIAHHBIX CYTHUKOBOWM
PAOVNOJIOKALIUU

] ckomieHMS B 30HAX KOHBEPI'CHIIMM ITOBEPXHOCTHBIX TCUCHHUI
mwicHoK [TAB (temnas(pie) moaoca(er) Ha PJIN) ;

 tparchopmanmm xak noist 'KB, Tak 1 moJIst KpYITHBIX BOJIH B
30HaX CABHIA CKOPOCTH TCUCHHS M KOHBEPreHIUHU (CBETIIas
nosioca Ha PJIN);

 tparchopmaninm aTMochepHOTO MOrpaHciIos Haa GPOHTAIBHOMN
30HOU C pe3KUMH I'paJlieHTaMH TeMrepaTypsl (rpanuma Ha PJIN,
pa3IelsIonas 30HbI pa3HoOi ApKOCTH (MHTCHCHBHOCTH)).




®POHT
OKEAHCKOI'O
TEHEHUA

The Gulf Stream off North Carolina
imaged via AVHRR (thermal
infrared) (left panel - 1300 UTC)
and

RADARSAT-1 (C-band, HH) (right
panel — 23:00 UTC) on 16 October
1996 under low winds (between 2
and 3 ms-1).

Surface temperatures in AVHRR
image range from 15°C (light green)
to 30°C (red).




Paouonoxayuonnoe uzobpasxicenue epanuyvl Xo100H020
lananazocckoco meuenuest, nOxIyYeHHOe NPU NOMOWU PAOUOTOKAMOPA
¢ cunmesuposannou anepmypot SIR C/X

®POHT
OKEAHCKOI'O
TEYEHWUA

Temneparypa U COJIGHOCTh

- MomIHbIX TeueHuil (['ombdeTpum
L u 1p) 0OBIYHO CHJIBHO
' OTIIMYAIOTCA OT XapaKTEPUCTHK

| OKpYXKarowllen BOJIBI. B

| pe3yJbTaTe MEHsETCS
& IIOBEPXHOCTHOE HATSOKEHUE

BOJIbI, @ BMCCTC C HUM M CIICKTP

MMOBEPXHOCTHOU psiOw.

Hecamas mexcoynapoonas Lxona-cemunap: «Cnymuuxosvie memoowl u cucmemvl ucciedoganus 3emau». 09.04 - 12.04.2019, e. Tapyca




+. ®POHT
. ' OKEAHCKOI'O
TEYEHUA

MHOKeCTBEHHBIE
IIOBEPXHOCTHBIE
IIPOSABJICHUSA
JIOKAJIbHBIX
(GpoHTOB

ERS-2 SAR
Lombok Straits




o ;L_._a_'.g,ﬁ ®POHT OKEAHCKOI'O

ith Mlight

. TEHEHUA

. Pernon Bocrouno-KopeicKoro TeIioro TeueHust B
| AnoHCcKOM MOpe.

TeueHne HampaBJIEHO K CEBEPY BAOJIb BOCTOYHOTO
mobepexbsi Kopeu, ot/iesisiercst oT mobepesxkbss Ha 38
napaJiiesii U OTKJIOHSAETCA Ha ceBepo-BOCTOK, I7ie
BCTPEYAETCS C XOJIOIHBIMU CyO-apKTHUeCKMU BotaMultO
dopmupys cybapkTuueckuii GpoHT B AMOHCKOM MOpe.
IIpumepno 40°N.

Curyanus, oroopaskeHHas Ha PJIN:

Xosnoxusie Bogbl [Ipubpeskuoro Xomoauoro CeBepo-
Kopetickoro Teuenus mpoHUKIN Ha 10T (36°N).
CBopMupoBasiach [yrooOpI3Has KOHBEPreHTHas 30Ha
paauyco 50 kM Ha 3amaiHON KpoMKe BocTouHo-
Kopelickoro Tensioro TeueHus

A- ceueHue yepe3 CTPyHHOE TeueHue

B- ceuenue uepe3 GpponT Bocrouno-Kopeiickoro Temnsioro
Te4eHUs

C- ceuenme uepe3 00J1aCTh HUTEBUIHBIX CJIUKOB

ERS-2 SAR W .
September 27, 1999 *&

North-west Pacific K
o,

Japan Sea % eoc s
L La® LR Q33 134 LRe 1§ 140




OOHHAA TOMNOINPA®PUA +PPOHT OKEAHCKOI'O
TEYHEHUA

TaHckue oTMenu BO6JIU3U 1T0OepeKbs
TaiiBaHs.

[nmybuna 10-20 m. (BepxHssA yacTh
PJIN)

HuxHssa yacty PJIN — TaliBaHbCKOE
TEeUueHwue.

ApKue JTNHUM- TIOBEPXHOCTHbBIE
IIPOSIBJIEHUS (PPOHTOB, IIOBTOPSIOIIHE
o4epTaHUA U300aT.

ERS-1 (C-band, VV) SAR
image acquired 27 July 1994.




®POHTbI OKEAHCKUX
TEYEHUU

[IposiBiIEeHMS HECKOJIBKUX
(bpOHTOB T€UECHUI BOJIU3H
Mexkcuku. Tuxun okeas.

ERS-2 SAR image of (3 April 1996, 16:50 UTC),
(from http://www.ifm.uni-hamburg.de/ers-sar, ©
ESA).




ERS-2 SAR
November 15, 2000
North-East Atlantic
Portuguese coast
Douro River mouth

PEYHOU «NNIOM»+
3blbb

& T

0 {dB)

sigma-gigma

-1 1 ] !

.00 1.33 2.80 4.00 .23
Dlalangea In Km

OT4eTIUBO BbIACAsSIETCH (PPOHT
PeYHOI BOAbI, PACIPOCTPAHAIOIEHCSH
Ha paccrosinue 10 10 kM oT ycThs




PEYHOWU «MNIOM>»

[Tpubpexnsiii poHT p. KyTaii (0. Kanumanran, UHI0HE3MS), pa3aeIsIONIHA

pCeUHBIC U1 MOPCKHE BOJIbI B Makacapckom nposnuse Ha PJIM ERS-2 (12.12.1999,
02:29 UTC). © ESA




OKEAHCKHWE BUXPW

[{uxnoHndeckre BUXpU Ha GPOHTE TEILIOTO
teueHus Cos. [Iponus Jlanepy3a.

; Spkas OGenas mojgoca MIMPUHOM OKOJIO 1 KM
 oOyclIOBIGHAa  CIOBUTOM  TCUCHHA |
HA4YMHACTCS BOIM3Y o-Ba  Kamensb
OmnacHocTH, TAE€ PAacIOJIOXKEHBI XOJOIHBIC
BOAbl. JIMHMS ~ odepuMBaeT  TPAHMILY,
pa3ACAIoNIyI0 Teribie BoJbl TeueHus Cos
1 XOJIOJTHBIC MPUOPEIKHBIE BOJIBI.

T g ; Okhotsk
DESA 2002

ERS-2
May 13, 2002
Okhotsk Sea




PACINO3HABAHUE ®POHTOB PA3JINYHbLIX TUMOB HA
PNT-U30OBPAXEHUAX MOPCKOWU NOBEPXHOCTHU

(d  DOpoHTHI ABIAIOTCA XapaKTEPHOH YEPTON IHUPKYIISITUN
Kak B aTMOc(epe, Tak U B OKEaHE.

1  CymecTtBeHHBIC pa3Iuuus MEXKAYy OTUMH JBYMS
cpemamu (Mo wX  (GU3WYSCKUM  IapaMeTpam,
YpPaBHEHUSIM COCTOSIHUS, THUIIaM CTpaTU(hUKAIUH,
CKCHIMHTOBEIM KO3 puimeHTaM ©u T. [I.) He
MO3BOJISIFOT ~ OKUJATh  CTOIPOLICHTHOW  aHAJIOTHH
MEXIYy dTUMU JIBYMSI CpEIaMHU.

0 VYauBurenpHO, YTO, HECMOTPS Ha BEHIICYIOMSHYTHIC
pa3anuMs, OKCAHWYECKHME M aTMOC(EpHBIC (DPPOHTHI
MMEIOT MHOT'O OOIIEro Kak B CBOEH JUHAMMKE, TaK U B
caMOM IIpoliecce ux (pOpMHUPOBAHMUS.




ATMOC®EPHbIA ®POHT

OT4eTIUBO BhIPpAXKEHHBIN (DPOHT
B aTMOCdeEpEe HaJ, I0T0-BOCTOUYHOU
banaTukou

Envisat ASA
June 13, 2005 at 20:14
South-East Baltic Sea




ATMOC®EPHbIA ®POHT

IHenTpanbHbili Kacnuii.

1 — ITposBieHNA aTMOCHEPHOTO
(dpoHTa

2 — Ilaket kBa3u-1uHenHbIX AI'B
3- He(PTAHOE 3arpsA3HEHNE HA
MOPCKOH OBEPXHOCTU

Envisat ASAR

September 04, 2004 at 06:46
Caspian Sea

Baku region




CeBepo-BOCTOYHAsA YacTh YepHOro
MODSI.

XOJIOHBIN BO3AYX JBHUKETCS C
BOoCcTOKa ( OT Oepera)

Bonbiime rpaineHTs TEMITEpaTyphI
atMocepbl 1 aTMOC(HEpPHOTO
JTaBJICHUSI.

BropaxeHue X0J10qHOT0 BO31yXa Hall
TEIUION MOPCKOM ITOBEPXHOCTH
IPUBEJO K Pa3BUTHUIO aTMOC(HEPHOI
KOHBEKIUH

ERS-2 SAR
October 04, 1999 at 08:21
North-East Black Sea




L Hereafter we examine SAR signatures of atmospheric fronts that differ in types.

O Three case studies are provided, based on SAR imagery, registered during our
survey of the southwest Baltic Sea.

O Below it is shown in what a way SAR can reveal mesoscale and small-scale
patterns of cold fronts, warm fronts, and occluded fronts. Particular attention is
paid to the capability of SAR to reveal small-scale and mesoscale features of
atmospheric fronts.

[ The SAR signatures specific for different frontal types will be outlined that can
be used for the identification of fronts by their kind.

O These features are not usually detectable using traditional observational data of
optical sensors because of their small dimensions and because upper-level
clouds often mask them.

Hecamas meosncoynapoonas llxona-cemunap: «Cnymuuxosvie memooul u cucmemul ucciedosanus 3emau». 09.04 - 12.04.2019, 2. Tapyca



XONOoAHbIN ATMOC®EPHbLIN ®POHT

» XO0J0aHBIH (POHT IPAKTHYECKH BCET/Ia CBSA3aH C 00JIaCThI0 HU3KOT0 aTMOC(HEPHOTro
JaBJICHHUS.

A\

[Iepemernaercst B CTOPOHY TEMIOTO BO3yXa.

A\

boiee mioTHBIN X0JIOIHBIM BO3AYX JABHKETCS ObICTpEe TEMIOro, MoATEKas IMOJT HETO U
BBITAJIKMBAs €ro BBEpX. [Ipy 3TOM HMKHHUE CIIOM XOJIOJHOTO BO3yXa OTCTAIOT B CBOEM
JIBUKEHUHU OT BEPXHUX M (D)pOHTAJIbHASI MOBEPXHOCTh KPYTO ITOJIHUMACTCS Ha/l
ITOBEPXHOCTHIO 3EMIIH.

» Ilogwsem TE€mIOro Bo3ayXxa MPUBOIUT K PA3BUTHIO O0JIAYHOCTH, TPO3aM M OCaJIKaM .




XONOAHbIU ATMOC®EPHbLIN ®POHT

11 uroasa 2016 r. IOro-Bocrounas bantrka Haxomuiacek Mo
BO3JICHCTBHEM 00JIaCTH MOHMKEHHOTO aTMOC(EPHOTO JaBISHHUS C

HeHTpoM HaJl CEBEpHBIM MOPEM.
[Toroansie ycaoBus GOpMUPOBATUCH TTOJ BIUSHUEM aTMOC(HEPHBIX

(pOHTOB.

UK MetOffice surface analysis valid at 06:00 UTC 11
July 2016. Red star shows the SAR image placing.

UK MetOffice surface analysis valid at 12:00 UTC 11
July 2016. Red star shows the SAR image placing

= HaOmromanace
CILJIONIHAS 00JIAYHOCTD,
100%.




5dB XONOOHbIU
ATMOC®DEPHbIA ®POHT

«PBaHasa» rpaHuIia
The leading edge of a cold
front looks uneven in the
SAR image of the sea
surface, and consists of a
series of lobe and cleft
instabilities. Clefts may be
described as V-shaped
indentations in the front
that propagate and merge
along the front, and lobes
may be described as a
series of localized bursts
along the front that appear
as projecting noses with
bulges or buttresses which

e JIMHMM IIKBAJIOB continually change shape.
e  Tpo3bI ¢ IMBHEM KaK T|h1e:> existence _ofdl_obe and
. . clett patterns indicates
A part of the Sentinel-1A SAR image of a cold front pe3yJbTaT PAa3BUTHS that 51 di
in the marine atmosphere over the southeastern Ky4€eBO-10K1eBbIX at the corresponding
Baltic Sea taken on 11 July 2016 at 04:59 UTC. 5 SAR frontal signature is
The front is oriented north—south and moving 00/1aK0B nepen that of a cold front.
toward the northeast; (¢ppoHTOM * Lobe - BriCcTYyTI
* YcuieHue paccessHUA Cleft - yriybsienue




XONOoOHbIN
ATMOC®DEPHbIU
®OPOHT

a) A part of the Sentinel-1A SAR image of a cold front in the marine atmosphere over the southeastern
Baltic Sea taken on 11 July 2016 at 16:35 UTC. The front is oriented north—south and moving toward
the northeast;

b) Variations in radar signal along the transect across the front leading edge;

¢) UK MetOffice surface analysis valid at 06:00 UTC 11 July 2016. Red star shows the SAR image
placing.

d) Zoomed SAR image showing detail of the leading front edge. The variations in the radar backscatter
shown in (b) were taken along the white line AB.




TEMJ1bIN ATMOC®EPHbIA ®POHT

TEM/bIM BO3AYX

\ XONOAHbIN BO3AYX

TENNBIN ®POHT

» Tenaviii hponm NEpeMeIacTCsS B CTOPOHY XOJI0THOTO BO3TyXa,
0oJiee aKTUBHOM B 3TOM CJIydae OKa3bIBAETCs TeIulas BO3AyIIHAsS
Macca. Termnbpii BO3AyX HaTEKaeT Ha OTCTYIAOIIUNA XOJIO HBIH,
IIOTHUMAsSCh BBEPX IO IIIOCKOCTH paszeiia (BoCXo e
CKOJIB)KCHHE).

» Tlpu OTCTYIUICHUH XOJIOHOTO BO3/IyXa HUKHHE €TO CJIOU B
pe3yabTare TPEHUS O MOBEPXHOCTh HECKOJIBKO OTCTAIOT U (PPOHT
MOJAHUMAETCSI OYEHB TMOJIOTO.

» Ilpu MeaIeHHOM OTHATHE TEMIIOTO BO3ayXa (hOPMHUPYIOTCS
TUIMTUYHBIEC 00JIaYHbIE CHCTEMBI.

Cioucro-0k/1eBble
Bricokocyioncrtoeie
Ilepucro-cioucreie
Ilepucrtbie




¢bponTa

[lone npuBomHOrO BeETpa
ObUI0O  HEOJHOPOAHO IO
CKOPOCTH U HaIlPaBJICHHUIO.
[Tpeobnaman YMEpEHHBIN
BETEp I0KHOTO HAaINpaBlECHUs
co ckopocTthio 8-10 m/c.
Ilepen  nuHHMenn  poHTa
CKOPOCTb BETpa yCHIIMBAJIACh
1o 15 m/c.

05.11.2016 04:56 GMT IOro-Bocrounas bantuka
HaXO0JIWJIaCh M0 BIUSIHUEM ITUKJIOHA C IICHTPOM HaJl
CeBepnabiM MopeM. [loroansie yciaoBus
(GhopMUPOBATHCH TPOXOKACHUEM aTMOC(EPHOTO

HaoOmromanace crutomraas
00JIaYHOCTh

TENNbIA ATMOC®EPHbIA ®POHT

fokt]




3dB TENNbIN
ATMOC®EPHbIWN
®OPOHT

> The SAR signature of the warm
front boundary looks smoother
than those of the cold front
discussed above.

N

» It meanders in response to small-
scale vortices. This frontal
“waviness” is assumed to be a
result of horizontal shear
instability.

» Another characteristic feature of
the SAR signature of a warm front
is the existence of quasi-linear
bands of smooth amplification and
attenuation of backscattered signal
aligned nearly perpendicular to the

18° : -
a) A part of the RADARSAT-2 SAR image
of a warm front in the Baltic Sea taken on
5 November 2016 at 04:56 UTC. The front
is oriented west—east and moving

b?%gpgﬁﬁ’s in radar signal along the transect across the front leading edge; front and extending about 10 — 15
c) UK MetOffice surface analysis valid at 06:00 UTC 5 November 2016. Red star kilometres to the front cold side.
shows the SAR image placing These structures are SAR

d) Zoomed SAR image showing detail of the leading front edge. The variations in the signatures of shear-driven gravity
radar backscatter shown in (b) were taken along the white line AB. waves




MPOHT OKJIHO3UK

W

BonEe xonoaHLIA
WM CYXOIA BO3OYX

Dy

XonoaHsIA
OPOHT

[MroxnagHbI BO3OYX

TENNLIA ®POHT

BriaHbIA TENNGLIA BO3OYX

ATMOC®EPHbIW
®POHT OKKINO3UA

= [Ipu cMbIKaHUU TEIUIOTO U XOJIOJIHOTO
(GpPOHTOB BO3HUKAET (PPOHM OKKAIO3UU.

=  (CwMmbIKaHue (POHTOB MPOUCXOIUT
MO3TOMY, YTO XOJIOJIHBIN (DPOHT,
nepeMeniasch ObICTpEE TEIMIOT0, MOXKET
HarHaTh €ro.

=  Tenublid BO3AYX, OKa3aBIIUNICS B
MIPOCTPAHCTBE MEXKIY ABYMS
(dbpoHTaMH, BEITECHIETCS BBEPX, U
XOJIOJHBIE BO3YIIHBIE MACCHI IBYX
(POHTOB COCTMHSIOTCAL.

= B 3aBUCUMOCTH OT TOTO, KOTOpas U3
JIBYX COCIUHSIOIUXCS XOJIOIHBIX MACC
TENJIEE, OKKIIFO3Us IPOUCXOIUT MO
TUITY
X0JIOJTHOTO (ppOHTA
WJIY 110 TUITY TEIUI0Tro PpoHTa




ATMOC®EPHbIU
®POHT OKKIJTHO3UU

11.12.2016 04:50 GMT IOro-Boctounas bantuka
HaXO0JIWJIaCh B JIOKOMHE aTMOC(EPHOTO AaBICHUS
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ATMOC®EPHbIA ®POHT OKKINIO3UU

The backscattered signals ahead
of and behind the front are
comparable in magnitude.

On the front line, however,
signal experiences a drop-off and
the front line in the SAR images
IS seen as a thin curved strip of
low backscatter. The pink area in
the graph marks the area of the
sharp decrease about 20 dB in
the amplitude of the
backscattered signal at the
leading front edge.

Signatures of gravity waves in
the marine atmosphere are also

a) A part of the TerraSAR-X image of a of a well-defined occluded front with gravity seen in the SAR image ahead of
waves in the marine atmosphere over the southeastern Baltic Sea taken on 11 December the occluded front; however,
2016 at 04:50 UTC. The front is oriented northwest-southeast and moving toward the they are oriented at a more acute
northeast; b) Variations in radar signal along the transect across the front leading edge; ¢)  angle than in the case of a warm
UK MetOffice surface analysis valid at 06:00 UTC 5 November 2016. Red star shows the front discussed above.

SAR image placing..




IMPOSABIEHUE ®POHTOB B 3AMKHYTbIX
MOPAX

HA PJIX MOPCKOMU IMOBEPXHOCTH

] ckomieHMS B 30HAX KOHBEPI'CHIIMY ITOBEPXHOCTHBIX TCUCHHUI
mwicHoK [1AB (temnas(pie) monoca(sr) Ha PJIN) ;

 tparchopmanmm xak noist 'KB, Tak 1 moJIst KpYIIHBIX BOJIH B
30HaX CABHI'Aa CKOPOCTH TCUCHHUS M KOHBEPreHIUHU (CBETIIas
nonoca Ha PJIN);

 TpaHchopmanmu aTMochepHOro IOTPaHCI0s Hal (PpOHTANBHOMN
30HOM C pE3KUMH T'paJIiCHTaMH TeMrepaTypsl (rpanuma Ha PJIN,
pa3acIsroNias 30HbI pa3HOU IPKOCTH (MHTCHCHBHOCTH)).




®POHTbI PEYHbIX «MNJTKOMOB>»

» [paHuLbl mexay bonee nerkom npecHom
BOAOM U Bonee NNOTHOM CONEHON MOPCKOM
BOAOM B6/AIN3N yCTbA .

» Y3Kue 30Hbl 3HAYUTENbHbIX
FOPU30HTA/IbHbIX rPaAMEeHTOB NNOTHOCTU Ha
NOBEPXHOCTU MOopA

» JInHnu pasgena unm «aemapKauum,
BblpaXKEHHble CMEHOM LBeTa, CKOMNJIEHNEM
MYyCOpa UM NeHbl, CKONJIEHNUem NNeHOK

P/IN nonyyeHHO Hag parioOHOM BnafaeHusa peku PerH B

mope. Ha PJ/IN oT4yeTnnBO BbIABNAKOTCA NPOABJIEHUA
JIMH3bl NPEcHOM BOAbl, JIOKA/IM30BAaHHOM MNOBEpPX
coneHblx Bog CesepHoro mopa. benble cTpenoyku
YKa3bIBalOT HA noJsoxeHne GPOHTANAbHOINO CKayka,
Hanbonee APKO NPOABAAIOLWErocA B  CeBepo-
BOCTOMHOM  4YacTU  AWH3bl. Bapumauum  obpaTtHo

In these studies, spatial patterns associated with the pacceAHHOro curHana obycnoBAeHbl BapuauMsaMu
river plume are mainly linked to the phase of the tide  rpaBuTauMoHHO-KanunnApHOM cocTaBAAOWEN nNonA
in the outflow area, and general characteristics of the  ogepxHocTHOro  BO/MHEHMs, CBA3AHHBLIMM € WX

structu_re and evolutlt_)n of a river plume subjected to [MOPOAMHAMMYECKO)  MOAYAALUMEl  MepeMeHHbIMM
the action of strong tidal currents.
TeYyeHUAMMN.

Dpacmenm(48 km % 48 km) PJIU cencopa ERS-1
SAR , nonyuennoco 13.10.1993 6 21:46 UTC




®POHTbI PEYHbLIX «M/THOMOB>.
P. Bucna nocne aHomanbHO cunbHoro nasogka (maii 2010 r.)

ILnomazaps 630 KB.KM, IIIUPHUHA
dpoHTanbHON uHUU 400M |,
PJI-xonTtpacr 3 n1b

ASAR
Envisat
28 May 2010

20:25 UTC
1535

Itomazp 125 KB.KM, IIMPUHA
¢dponTanbHON uHUU 400M |,
PJI-xonTpacr 1,5 b

N3menenus IEPOXOBATOCTH
IMOBCPXHOCTHU Ha I'paHULaX
dbpoHTa MIOBEPXHOCTHU
a) Envisat ASAR . 28 May 2010 at 20:25 UTC; 06y0J'IOBJ'IeHBI BSaHMOI[eﬁCTBHeM
b) Variations in radar signal along the transect across the Vistula surface front leading KOPOTKHX MTOBEPXHOCTHBIX BOJIH C
edge; _ IPaMEHTAMH  ITOBEPXHOCTHBIX
c) Suspended matter chart from Envisat MERIS. 28 May 2010 at 09:02 UTC,; o
d) Envisat ASAR. 16 June 2010 at 09:05 UTC TCUCHUA

e) Variations in radar signal along the transect across the Vistula surface front leading edge;
f) Suspended matter chart from Envisat MERIS .16 June 2010 at 09:05 UTC.




MPUBPEXHbLIE ®POHTDI, MPOAB/NAIOLWLUECA NOCPEACTBOM
C/IUKOB

CnukoBas mojoca no4yTu
MPSIMOJIMHEMHA U PACIIOJIOKEHA HA
CYIIIECTBEHHOM YJIaJICHUU OT Oepera
npumMepHo Haj u3obatoit 1000 wm.
[Hupuna - go 200 m

Pa3znen Mexay BCTpeYHbIMU
BJI0JILOCPETOBBIMH TCUCHUSMH —
BOCTOYHBIM (IIPHOpPEIKHOE) U 3aI1aTHBIM
(MopucTee) NposBIIICTCS Ha
TIOBEPXHOCTH B BHJIC CITUKA.

CinukoBasi IoJ10ca Ha MOPCKOU
MOBEPXHOCTH 0003HAYAET IPAHUILY, T]IC
MMEET MECTO CMEHa 3HakKa
WHTEHCHUBHOI'O BJ0JIHLOEPErOBOIro
TEUCHUS

SAR Sentinel-1B. 2018-07-18 15:27:21




MPUBPEXHbLIE ®POHTDI, MPOABNAIOLWLUNECA NOCPEACTBOM
C/IUKOB

o * O OnuHOYHBIN BBITSHYTHIN

3

;‘ 36 CJIMK

3 0 OpueHTanus c ceBepo-

23 3amnaja Ha I0ro-BOCTOK

< b 0 Juuna okoino 50 kM,
v Elﬂpath iﬁlopi“_..slé“ b0 1o 160 mmpuna ot 0,5 10 1 kM.

» Pazgensier oueHb MyTHBIE IPUOPEIKHBIC BOJIBI U
0osee yuCTYIO BOABI I TaHBCKOTO 3a11Ba.

» IloBbileHHas MyTHOCTB BOJBI SIBISICTCS
pe3yJIbTaTOM MPUTOKA BHCIIBL.

» YCTOWYUBBIC BETPHI CEBEPO-BOCTOYHOTO
HAIIPaBJICHUSA MIPEIATCTBYIOT PACIIPOCTPAHEHHE
PEYHOH BOJBI B 3aJIUB.

» Peunoii «turrom» B [ 1aHBCKOM 3aJIMBE HE
oOpa3zyeTcs, a pedHas BoJia pacTpeesieTCs BIOJIb
O6eperoB. MyTHBIE BOJIBI TIOTIA/IAIOT B JIOBYIIIKY B
paiioHe Mex 1y 6eperoBoii u ppoHTANTBHON JTUHUEH,
OCTaBasiCh TaM B TEUCHHUE HEKOTOPOTO BPEMEHHU.

a) Radarsat-2 SAR. 04 August 2016.16:35 UTC.
b) Variations in radar signal along the transect 5 Taaq ciryanus crocobersyer Haxomnenuto
across the front leading edge. BBIHOCOB Buciibl B TpuOpe:KHOM 30HE.




ME/IKOMACLUTABHbIA TEMMEPATYPHbIA ®POHT
B MOPE

» @OpoHTaNbHBIC 30HHI,
XapaKTePU3YIOIIHECS CUIbHBIMA
rpaJiieHTaMH TEMIIePaTyPhl
MIOBEPXHOCTH, MOT'YT Pa3/IeisiTh
00J1aCTH, pa3IMYaOIIAeCs
YCTOMYHUBOCTHIO aTMOC(EPHOTO
MIOTPAHUYHOTO CJI0ST aTMOC(EPHI
(AIIl) Hag HUMH.

» CHryaIyio 9acTo MOXHO
Ha0II0/1aTh MPHU HEOOJBIIO(]
CKOPOCTH BETpa U OTHOCUTEIHLHO
CaObIX TeMITePaTyPHBIX

A T A o Air temperature SST chart KOHTpacTax MeXIy MOPCKOM
RADARSAT-2.12.11.2016. MMOBEPXHOCTHIO U
Caa0blii ceBepo-BOCTOUHBIN BeTep. OIHOPOIHOE MMOJIe TeMIIepPaTypPbl IIPUIIOBEPXHOCTHBIM BO3TYXOM.
BO31yXxa. ATMocdepHbie (PPOHTHI B 30He MHTEPeca He
3aperucTpUpPOBaAHBI » B atux ciaydasx yctolduBast
* HeycroiiunBas ctpaTudUKaIis MOTPAHUYHOTO CJIOSI PA3BUBACTCS TaM, TIe TeMIIepaTypa CTpaTU(QUKaIHs IOTPAHUYHOIO
MOPCKOU MOBEPXHOCTH BBILIE, YEM Y TPUIOBEPXHOCTHOTO BO3AYyXa. CJI0sA pa3BUBACTCA HAO Oomee
. HpI/I HCYCTOﬁqHBOﬁ CTpaTI/I(bI/IKaI_II/II/I MBI Ha6HIO)IaeM MMOBCPXHOCTHBIC ITPOABJICHUA XOHOHHOﬁ BOI[OI\;I U HCYCTOﬁqHBaH

KOHBEKTHBHBIX JBM)KEHUH B IPUIIOBEPXHOCTHOM CJIOE.

* Buana naTHHCTas CTPYKTYpa, COOTBETCTBYIOMIAst aTMOC(HEPHBIM KOHBEKTUBHBIM
sgyeiikam ¢ pazmepamu oT 2,5 10 25 KHUIOMETPOB.

* Pa3mepsl siueeK M1 UHTEHCUBHOCTh KOHBEKTHBHBIX MPOILIECCOB B MIPUITOBEPXHOCTHOM
aTMocdepe 3aBUCAT OT CTENEHNU TEPMOJUHAMUYECKON HEYCTONUYNBOCTH.

WU HEeWTpasbHas — HaJl OoJiee
TEIJION BOJOM.




MENKOMACLLUTABHbIA TEMMNEPATYPHbIN ®POHT
B NPUBOAHOU ATMOC®PEPE

Air temperature > HaPJIM oT4yersMBO BHIHA TOYTH
TOPU30HTAJIbHAS JIMHHUS,
pa3Jelsrolas ero Ha JIBe YacTH

» Pa3Mepbl KOHBEKTHBHBIX STUCEK
YBEITMYUBAIOTCS OT 4 KM y TPAHHUIIBI
10 20 kM B BepxHel yacTu
n300paKeHusl.

» HwxHss moa0BHHA N300paKeHUS
HE UMEET OTIICUaTKOB
KOHBEKTHBHBIX JIBUKCHUH B
MPUITIOBEPXHOCTHON aTMocdepe.

» Pacnonoxenue u popma TuHUN
TPaHUIBI TPUOTU3UTEITHBHO
COOTBETCTBYIOT TAKOBOH M30TEPMBI
6 ° C Ha kapTe mpU3eMHOI
TEMIIEPaTyphl BO3ayXa.

» IloBepxHOCTH MOPSI TEILICE, YEM
MIPHUITOBEPXHOCTHBIN BO3AYX, €CITH

SST chart

Sentinel-1A SAR .
27.11.2016

o
Ha moMeHT nonydeHust CHUMKa IOTOJHBIE YCIOBHS HA FOr0O-BOCTOKE Temreparypa Bosayxa Hiwke 6 ° C,
bantuku GpopMupoBanch 01 BO3EHCTBUEM IIUKJIOHA C IICHTPOM HaJl » TlorpaHn4HBIH CI0H CTAHOBUTCS
Cankr-IleTepOyprcKuM peruoHoM. HECTaOUIIbHBIM, U CO3/AI0TCSI

CeBepo-3anaHblil BeTep co ckopocThio 12-13 M/ c. yCIoBuA VI Pa3sBUTHS KOHBCKIIUH.
[Tone SST mpakTrdecku OTHOPOTHO, CpeaHss Temmeparypa okoio 7,5° C.




BKNAL ®POHTA/IbHOU
HECTABU/IbBHOCTU B MPOLIECC
®OPMUPOBAHUA BUXPEBbIX
CTPYKTYP U BHYTPEHHUX BOJIH




ATMOC®EPHbIN ®POHT + BHYTPEHHUE BOJIHbI B MOPE

Yepes paioH cbemkun 11
ceHTabpsa 2011 r. npoxoamn
ammocgepHbili hpoHmM
OKK/3UU, 06pa30BaBLUMICA B
TbINY UMKNOHA,
onpepensAsLero
CUHOMNTUYECKME YCNOBUA B
palioHe nHTepeca

®poHTaNbHbIN XapaKTep
npouecca NnogTBepAAtoT:
*Hannume noxO6MHbI faBneHus,
XapaKTepHoM ana
aTmocdepHbIX GPOHTOB.

* NapeHuwe paBneHuns
COMpPOBOX/AaN0Cb MOBOPOTOM
BETPa NPOTMB YACOBOM CTPESNKU
OT ceBepo-ceBepo-3anagHoro
[0 H0ro-BOCTOYHOIO
HanpaBaeHUA.

*CyLLecTBeHHO BO3pOC/a

ASAR Envisat. 11 cenrssopst 2011 r. 06:52 UTC CKOpOCTb BETPa.

Merteoponoruueckue
HaHHEIE B3SATEI HA caliTe
«Pacmimcanme moroipr»

(http://rp5.ua).

Hecamas mexcoynapoonas Lxona-cemunap: «Cnymuuxosvie memoowl u cucmemvl ucciedoganus 3emau». 09.04 - 12.04.2019, e. Tapyca




ATMOC®EPHbIU ®POHT + BHYTPEHHUE BOJIHbI B MOPE

Envisat ASAR WSM, 75 m
2010-09-11 06:52

Hecamas mexcoynapoonas Lxona-cemunap: «Cnymuuxosvie memoowl u cucmemvl ucciedoganus 3emau». 09.04 - 12.04.2019, e. Tapyca




®POHT B 3ANAQHOWN YACTUN YEPHOIO MOPSl + BB

Envisat ASAR WSM, 75 m
2010-05-26 19:46

Hecamas mexcoynapoonas Lxona-cemunap: «Cnymuuxosvie memoowl u cucmemvl ucciedoganus 3emau». 09.04 - 12.04.2019, e. Tapyca




®POHT B 3ANAQHON YACTUN YEPHOIO MOPS +BB

Sea Surface Temperature

Envisat ASAR WSM, 75 m
2010-05-26 19:46

Pesakcanus npuOpeKHOTO allBeJIJIMHTA

Hecamas mesxcoynapoonas Lxona-cemunap: «Cnymuuxosvle memoowl u cucmemsl ucciedosanus 3emau». 09.04 - 12.04.2019




®POHT B 3ANAQHOWN YACTUN YEPHOIO MOPSl + BB

nrcs_db [dB]

nrcs_db [dB]
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Envisat ASAR WSM, 75 m
2010-05-26 19:46

Hecamas mesxcoynapoonas Lxona-cemunap: «Cnymuuxosvie Memoowl U CUCembl uccredosanus 3emmu». 09.04 - 12.04.2019, e. Tapyca
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