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BBegeHue

JlaGopatopuss ontuku okeaHa HMucturyta okeaHojorumu uMm. ILII. IHupmosa PAH
MpeICTaBIsSeT ouepeAHON 11-i BBITyCK OOHOBISIEMOTO 3JEKTPOHHOTO arjaca OMOONTHYECKHX
XapaKTepUCTHK Mopel, ombiBaronmx Oepera Poccum. Ilpeapiaymmii BbIIycK ObLT M31aH B
IPOIIJIOM TOAy B KOMIUIEKTEe ¢ MoHorpaduei [1], on oxBaTtsiBan nepuoxn ¢ 1998 mo 2017rr.
Hacrosimuii BeImyck, cBOOOIHO TOCTYIIHBIN Ha caiite http://optics.ocean.ru, OMOIHEH JaHHBIMU

2018 r.

ATnac COJEPKHUT IBETHBIE KapThl CPEIHEMECSYHBIX PaCHpeaesIeHUd OMOONTUYECKUX
MapaMeTpoB BOJ MOBEPXHOCTHOTO ciosi bapenuesa, Kapckoro, benoro, bantuiickoro, YepHoro
n Kacnuiickoro Mopey; auarpammbl, ITOKa3bIBAIOIIME HW3MEHUYHMBOCTH HMX CPEIHEMECSYHBIX
3HAUYEHUM B pa3HBIX PETHOHAX; TAOIUIIBI CPETHE-CE30HHBIX 3HAUCHH MO To/IaM.

PaccmaTpuBaemble  XapaKTePUCTHKH  BKIIOYAIOT  KOHIEHTpaluio  xjopodwuiuia,
MOKa3aTelIl pacCesHUs Ha3aJ B3BEUICHHBIMH 4YacTUIAMU W MOIJIOLICHUS OKpAICHHBIM
OPraHUYECKUM BEIIECTBOM («KEJITHIM BEIIECTBOMY»), KOHIICHTPALIMIO B3BELICHHOTO BEIIECTBA,
napaMmeTpsl KOKKOTUTO(OpHIHBIX IBeTeHHH B bapeHneBom u YepHOM MOpsX, 3HAYCHUS

O6uomaccel nuaHobaxkTepuit B @uHCKOM 3ainBe bantuiickoro mopsi.

Jlist pacuera WCIMONB30BAIMCH JIOCTYIIHBIE Ha caifte http://oceancolor.gsfc.nasa.gov
JaHHBIE BTOPOTO YpoBHs ckaHepoB 1Bera SeaWiFS (suBapp 1998 — urons 2002 rr.) u MODIS-
Aqua (wromp 2002 — nexabpp 2018 rr.); «cmmBka» mgaHHBIX SeaWiFS m MODIS-Aqua
IIPOBOAMJIACH TI0 COBMECTHBIM JIAHHBIM 3TUX CKaHepoB B nepuos ¢ utoist 2002 r. mo 2007 1. [2].

Pacuersl OHOONTHYECKHX XapaKTEPUCTUK BBIIOJHEHBI B OCHOBHOM C TIOMOIIBIO
PETHOHANBHBIX AITOPUTMOB, pa3pabOTaHHBIX HAa OCHOBE JAHHBIX HATYpHBIX H3MEPEHHUH B
uccienyemplx Mopsix. OmmcaHue 53THX alTOPUTMOB MOKHO HaWTH B MoHorpaduum [1],
npuwiaraeMod K Atiacy. B kauecTBe mnapaMmerpa, XapaKTEpU3YIOLIETO KIMMaTHYECKHE
U3MEHEHUs, B ATac BKIIOYEHBI JaHHBIE O CE30HHBIX U MEKIOJJOBBIX U3MEHEHUSIX TEMIIEpPaTypbl
noBepxHocth Mopsi (TIIM wim SST — Sea Surface Temperature) mo naHHBIM H3MEpPEHUN
ckaHepoM MODIS-Aqua. Otu gansslie npezacrasiensl ¢ 2003 T.

buoontuyeckue xapakrepuctuku bapennesa, benoro, Yepnoro u Kacnumiickoro mopeit
npeactaieHsl ¢ 1998 r.; Kapckoro u bantuiickoro (KOTOpble pacCUMTHIBAIUCH TOJBKO IO
nanabiM MODIS-Aqua) ¢ 2003 r.

[Tpobnema oLeHKH TOCTOBEPHOCTH IMPEJICTABIISIEMBIX JAHHBIX HE MOXET ObITh pelIeHa B
MOJTHOM 00beMe, TaK KaK 3aBHCUT OT KadecTBa IOJIy4aeMbIX CIYTHUKOBBIX JaHHBIX. B
MoHorpaduu [1] naHbl OLEHKHM OMIMOOK HCIIOJIB3YEMBIX aJIrOPUTMOB, 3THU OLEHKH CJICIaHBI
MyTeM CpaBHEHUs JaHHBIX CIIyTHUKOBBIX W HATYPHBIX H3MEPEHUH Npu OJaronpusTHBIX

MOroAHLIX YCJIOBUAX. B APKTUYCCKUX MOpAX dYacTasd 00J1aYHOCTH NpeIATCTBYCT IMOJIYUCHUIO



JAHHBIX OJTHOBPEMEHHBIX U3MEPEHUH, CYIOBBIX U CITyTHUKOBBIX; IPU CUJILHOM TOPU30HTAIbHON
HEOJIHOPOJAHOCTH U BPEMEHHOM M3MEHYMBOCTU OTCYTCTBUE OJJHOBPEMEHHBIX MU3MEPEHUN JesaeT
OLIEHKY OIIMOKH MPaKTHYECKU HEBO3MOKHOM.

IIpencraBineHHble B ATiace OLEHKHM CPEAHMX 3HAYEHHUI paccMaTpUBaeMbIX IapaMeTpoOB
3aBUCST KaK OT KAa4e€CTBA MUCIIOJIb3YEMbIX CITyTHUKOBBIX JIaHHBIX, TaK U OT IOJHOTHI OKPBITUS
UCCIIEyEMbIX PETUOHOB CIIyTHUKOBBIMM JAHHBIMH. V3MEHUMBOCTH TOKPBITHS MOKET
IIPUBOJUTh, B YaCTHOCTH, K TOMY, YTO PACUET CPEAHMX 3HAYEHHUI MPOMCXOAUT JI pa3HBIX
WIoIaAe, W TPH aHaJM3€ MEXKIOJOBBIX HM3MEHEHHUH M OIICHKE TPEHIOB (hakTHyecKku
CPaBHUBAIOTCS CpEJHHE BEIMYMHBI, PACCUMTAHHBIC JUIsI pa3HbIX obnacted [2]. OngHako
y’)KE€CTOUEHHE TPEOOBAHUH K KaueCTBY JaHHBIX HEMUHYEMO NMPUBOAUT K COKPAIEHHUIO MOJHOTHI
nojyyaeMoil WHGOpMAIMM O CE30HHBIX M MEXIOJOBBIX HM3MEHEHHUSX HCCIEAYyeMbIX
XapakTepucTuK. OnTuManbHbIi BbIOOp TpeOOBaHMM 3aBUCUT OT YCIOBUM, B KOTOPBIX
MIPOBOJIATCSl CIYTHUKOBBIE HAONMIOACHUS, B YAaCTHOCTH, OT W3MEHYMBOCTH OOJAYHOCTH,
MPETATCTBYIOUICH MOMYYSHHUIO CITyTHUKOBBIX JAHHBIX. DTOT BOIPOC paccMaTpuBaics B pabore
[3]: cpaBHMBaIKMCH /IBE BEpCUU: ¢ 0OJ€€ )KECTKUMU OIPAaHMYEHUSMU Ha CIyTHUKOBBIE JAHHBIE,
yro obecneunBaio OOJBIIYI0 HAJEKHOCTh pE3yJbTaTOB, U «TPAJUIMOHHAS» BEPCHS,
paccuMTaHHas aHAJIOTUYHO MPEIBIAYIINM BBIITYCKaM, ¢ 0oJiee TIOJTHBIMH, HO MEHEee HaJIe)KHBIMH
pesynbratamu. CpaBHEHHME I0Ka3allo, YTO «KECTKHE» OIrpaHUYEHUs IPHUBOJIAT BO MHOTHX
Clly4asiX K KPUTHYECKOM IOTEpe NaHHBIX, B YAaCTHOCTHU, K 3HAUYUTEIbHBIM IIPOIIyCKaM Ha
nuarpammax. Ilpu «MArkux» orpaHMYEHUsX MPOIYCKU HA JUarpammax OTCyTCTBOBAJIM, OJHAKO
TOYHOCTH OILICHOK Obljla HMXE, YeM IPH BBIIIOJHEHUH JKECTKUX TpeOoBaHUU. B 3TOM BBIMyCKeE,
TaK)Ke KaK U B npeaplaymeM 10-m, HCIosIb3yeTcsl BEPCHsI C «MSTKUMI OTpaHUUYEHUSIMU.

Kak oTmeuanocek Bbllle, NPEACTABISEMbIN BBIIYCK ATiiaca OCHOBaH Ha MaTepuajax
npenpiaymero 10-ro ¢ nononsenuem nanHbiMu 2018 r. OTa padora BbinonHeHa M.B. CanuHr.
Brenenue nanucano O.B. KoneneBuuewm, 3akiiroueHe OCHOBAHO HA MaTepHasiax CTaThu [4].

PaboTa BhINOJIHEHA B paMKax rocyaapcTBeHHOro 3aganus MunoOpHayku Poccun (Tema
Ne 0149-2019-0003).

Astopsl npusHatenbHbl GSFC DAAC 3a BO3MOXXHOCTh HCHOJIb30BaTh CIIyTHHUKOBBIE

nannabie ckanepoB SeaWiFS u MODIS.



Introduction
The Ocean Optics Laboratory, Shirshov Institute of Oceanology Russian Academy of

Sciences (SIO RAS) presents a next 11™ issue of the electronic atlas of the bio-optical
characteristics of the Russian seas from satellite ocean color data. The previous issue was
published in the last year complete with the monograph [1] and comprised the period of 1998-
2017. The present issue, free available at site http://optics.ocean.ru, is supplemented with data of

2018.

The Atlas contains color maps with the mean monthly distributions of the bio-optical
characteristics in the Barents, Kara, White, Baltic, Black, and Caspian seas; diagrams,
demonstrating variability of the monthly means in different sub-regions; tables with parameters
of the inter-annual changeability of different characteristics by year.

The set of bio-optical parameters includes chlorophyll concentration, the particle
backscattering coefficient and the absorption coefficient of colored organic matter (“yellow
substance”), the parameters of coccolithophore blooms in the Barents and Black Seas,
cyanobacteria biomass in the Gulf of Finland of the Baltic Sea.

The Level 2 data from the ocean color scanners SeaWiFS (January 1998 — June 2002)
and MODIS-Aqua (July 2002 — December 2018), available on the website
http://oceancolor.gsfc.nasa.gov, were used for the calculation; these data were "cross-linked" by
using their joint data in the period from July 2002 to 2007 [2].

Calculations of the bio-optical characteristics were performed mainly using regional
algorithms developed on the basis of field measurements in the studied seas. The description of
these algorithms can be found in the monograph [1] attached to the Atlas. As a parameter
characterizing climatic changes, the Atlas includes data on seasonal and inter-annual changes in
the sea surface temperature SST measured by MODIS-Aqua scanner. These data are available
since 2003.

The bio-optical characteristics of the Barents, White, Black and Caspian seas are given
since 1998, for the Kara and Baltic Seas from 2003 (they were calculated only by using MODIS-
Aqua data).

The problem of assessing the uncertainties in the presented data cannot be solved in full,
as it depends on the quality of the satellite data used. Estimates of errors of the algorithms used
are given in the monograph [1], these estimates were made by comparing the data of satellite and
field measurements under favorable weather conditions. In the Arctic seas, frequent cloudiness
prevents simultaneous ship-based and satellite-based measurements data; under conditions of
strong horizontal heterogeneity and temporal variability, the absence of simultaneous

measurements makes error estimation practically impossible.



The estimates of the average values of the parameters presented in the Atlas depend both
on the quality of the satellite data used and on the coverage of the studied regions by the satellite
data. The changeability of coverage can lead, in particular, to the fact that the average values are
calculated for different areas, and in the analysis of inter-annual changes the average values
calculated for different areas are actually compared [2]. However, the strict requirements for data
quality inevitably leads to a reduction in the completeness of the information obtained on
seasonal and inter-annual changes in the studied characteristics.

The best choice of requirements depends on the conditions under which satellite
observations are made, in particular the changeability in cloudiness that prevent satellite data
being obtained. This issue was discussed in [3]: two versions were compared: with “hard”
restrictions on satellite data, which provided greater reliability of the results, and the "traditional"
version, calculated similarly to previous issues with more complete, but less reliable results. The
comparison showed that "hard" constraints lead in many cases to critical data loss, in particular,
to significant gaps in the charts. Under the"soft" constraints, there were no gaps in the charts, but
the accuracy of the estimates was lower than under the strict requirements. This issue, as in the
previous 10th, uses a version with "soft" restrictions.

As noted above, the presented issue of the Atlas is based on the materials of the previous
10th, supplemented by data of 2018. The work was done by I. V. Sahling. The introduction was
written by O. V. Kopelevich, the Conclusion is based on the materials of the article [4].

The work was carried out in the framework of the state assignment of the Ministry of
high education and science of Russia (theme Ne 0149-2019-0003).

The authors are grateful to GSFC DAAC for the opportunity to use satellite data from
SeaWiFS and MODIS scanners.



3aK/Jl4YeHue

B 3akmrodyeHue MMPpUBCACM PC3YJIbTAThI HUCIOJbB30BAHUA JaHHBIX ATtnaca JJIA OLCHKHU
HanOoJee 3HAYUMBIX MCECKI'OJJOBBIX N3MEHCHUI OMOOITHYECKUX XapaKTCPUCTHK

paccmarpuBaeMbix Mopeit B 2016-2018 rr. (1o marepuanam ctatbu [4]).

bapenueso mope

Ha pucynke | B JeBOil 4YacTH TMOKa3aHbl CE30HHBIE W3MEHEHHs KOHICHTpAIUu
xnopodmuia Chl, moka3atenst paccesHHUs Ha3al B3BEIICHHBIMHM YacTHLAMU by, U TEMIIEpaTypbl
noBepxHocTd Mopst SST B pa3HBIX CyOperrmoHax B MEpPHOJ C Mas MO CeHTAOpb. BwumHo, 4TO
OTHOCHUTENBHBIA XOJI HM3MEHEHMH B paccMaTpUBaeMbli TEpHOA B OOJBIIMHCTBE CIy4acB
COOTBETCTBYET «CpEIHE-KIMMaTHYECKOMY», OJHAKO aOCOJIOTHBIE BETUYMHBI 3HAYUTEIHHO
MPEBBIIIAIOT CPEHE-KIMMAaTHYECKHe. DTO OTHOCUTCS KO BCEM TPEM NPHUBEICHHBIM IapaMmeTpam,
IpUYEM B HECKOJIBKHMX CIy4asx 3aperHCTPUpOBAHbI PEKOpPAHBIE 3a BCE BpeMs HAOIIOACHUIA
sHavenus: Chl — B CeBepHOM cyOperuone B Mae u asrycre 2016 r. (0.41 u 0.24 mr m™), B
CpemreM — B aBrycre u centsiope 2017 1. (0.28-0.29 mr m™), B FOxHoM — B Mae 2018 r. (0.38 mr
M), byp, — B CeBepHOM cyOperuone B mae 2016 1. (5.5 M), B Cpemrem — B mrone 2016 . (11.3 M
" u cenrabpe 2017r. (10.4 m™"). Ormernm, uTo cpeaHeMecsuHble 3HaueHus SST MOUTH BO BCEX
Cllyyasix 3aMETHO TPEBBIMIAIOT CpeIHe-KIMMAaTHYeCKUe 3HAYCHMs, B MX YHCIE HECKOJIBKO
PEKOPIHBIX 32 BCEe BpeMsi HaOIOeHui, Bce oHM oTHOCATCs K 2016 1. — B CpenHeM cyOpernoHe
Mait u uroiib (3.9 u 10.1 OC), B FOxHOM — nronb-ceHTsops (11-13 “0).

B mpaBoii yactu pucyHka | npencTtaBiieHbl CPEJHEMECSUYHbBIE pACHpEeACICHUs 3HAUYECHUN
Chl wn by, B moHe u asrycre 2017. Ha MIOHBCKMX KapTax XOpOIIO BHUIHO BECCHHEE LIBETCHUE
(UTOIUIAHKTOHA, TPEANONIOKUTEIIFHO JIMATOMOBBIX BOJOpOCiel (0COOEHHO SIPKO Ha KapTe
pacpenenenust Chl, HO u Ha Kapre by, Toxke). Ha HIKHMX KapTax XOpOIIO BUIHO
KOKKONMMTO(GOpUIHOE IBeTeHHe (0COOCHHO SPKO HA KapTe pacnpeneneHus by, Ha Kapre
XJI0popHITIa TOXKE, HO HE TaK OTYETIIMBO). DT JBa SBJICHUS B OCHOBHOM OIPE/ICIISIOT MOSIBJICHUE

pexopaHbIX 3HaueHUN Chl U by,

Kapckoe mope

Ha pucyHnke 2 npencraBieHbl AuarpaMmbl i ABYX cyOopernoHoB Kapckoro mops: K1 —
foro-3amnajHas yactb Mopsd U K2 — ceBepo-BocrouHass. CpaBHMBasi pUCYHKH 1 M 2, MOXHO
YBUJETh CYLIECTBEHHOE OTJIMYME MEXAy HuMU: s Kapckoro Mopst HET Takoro sBHOTO
NPEBBILICHUS] PACCUUTAHHBIX 3HAUCHHH OWMOONTHYECKHMX TMapaMeTpoB HAA HX CpeaHe-
KJIMIMATUYECKUMU BEIIMYUMHAMU, Kak Uil bapenuesa. PexkopaHBIX 3HayeHUN 3a BCE BpeMms

HaAOIIIOJICHUH TOPa30 MEHBIIE, OJHAKO OHHM €CTh U ModYTH Bce OTHOCATCS K K1. Dto 3HaueHue



Chl nnst momst 2018 . (1.23 Mr M™) 1 byp st aBrycra 2017 r. (0.0108 M) u st cybperrona K2
qurst cenTsiops 2018 r. (0.0068 m™).

Baxneiimmii paktop, onmpeaestonuil MpoCTpaHCTBEHHOE pacpe/ieiecHne OMOONTHYECKUX
XapakTtepucTuk B KapckoM mope, - peyHOH CTOK: ero pacmpoctpaHenue B Kapckom Mope
3aBHCUT, B TIEPBYIO Ouepeab, OT Mpeobnanaromiero HampasieHus Betpa [1]. PucyHok 3
MIOKA3bIBAET, KaK U3MEHSETCS MPOCTPAHCTBEHHOE PACIpE/IeIeHNE 3HAYCHUH TTOTIIOMICHUS JKENThIM
BELIECTBOM d, B wuione-ceHTa6pe 2016 r u 2017 1. B 3aBUCUMOCTH OT IIPeo0JIaJarOIIEro
HarpasieHuss BeTpa. OCOOEHHO CHJIBHO 3TO BiMseT Ha cyOpernoH K2, 4To XOpomio BHIHO Ha

JarpaMMax pucyHka 2.
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Pucynox 1. Ce30HHBIE W3MEHEHHUS CpPEAHEMECSYHBIX 3HAYCHWH KOHIeHTpanuu xiopodwina (Chl),
HOKa3aTells paccesiHus Ha3aj B3BELIEHHBIMU dacTuLaMu (byp) U TeMIepaTypsl noBepxHocT Mops (SST) B
pasHeIXx peruoHax bapenmeBoro mops B 2016 -2018 rtr. (A-B ). CmpaBa — cpemnHeMecSIHBIC
IPOCTPaHCTBEHHbIE pacipeseneHus 3Hauenuit Chl u by, B utone u aprycre 2017 (I'-JI).

Fig. 1. Seasonal changes of the monthly means of Chl concentration, the particle backscattering
coefficient by, sea surface temperature SST in the subregions of the Barents Sea (A-B). Right — the
monthly mean distributions of the Chl and by, values in June and August of 2017 (I'-1).
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Pucynox 2. Ce3oHHBIC W3MEHEHHS KOHIEHTpanuu xiopodmmia (A), moKa3aTelsl paccesHAs Haszal
B3BemeHHBIMH dacThmamu (B), mokasaTtens moriomeHus skenteiM BemecTtBoM (B) wu Temmeparypsl
noBepxHocTH Mops (I') B Kapckom mope B 2016-2018 rr.

Fig.2. Seasonal changes of the monthly means of Chl concentration (A), the particle backscattering
coefficient by, (b), the yellow substance absorption coefficient (B), sea surface temperature SST (I') in the
subregions of the Kara Sea in 2016-2018.
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Puc.3. CpenHemecsiunble pacrpe/ieeHus 3HAUCHUH MOKa3aTeIs TOTIOIIEHHUS KeIThIM BeliecTBoM B Kapckom
Mope B utone-ceHTsiope 2016 r (Boctounsrii eperoc) u 2017 T (3amaaHbIi IEPEHOC).
Fig.3. Monthly mean distributions of the yellow substance absorption coefficient a, values in the Kara Sea
in June — September of 2016 (eastern transfer) and August of 2017 (western transfer).



beJjioe mope
3aMeTHbIC U3MEHEHUSI OMOONTHYECKUX XapaKTEPUCTUK HAOTIONAMCH B pacCMaTPUBACMBIiA
nepuoj; u B benom mope (puc. 4, 5). 31ech Takke MOXKHO OTMETHTh HECKOJIEKO PEKOP/IHO BBICOKUX

3HAYCHUH, IIPUYEM IS BCEX YETHIPEX MIPUBEICHHBIX XaPaKTCPUCTHK.
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Pucynox 4. Ce30HHBIC W3MCHECHHS KOHIICHTpanuu xiopodmmia (A), moKa3aTelsl paccesHds Hazal
B3BemeHHBIMH dacThmamu (B), mokasaTtens moriomieHus skenteiM BemecTtBoM (B) wu Temmeparypsl
noBepxHocTH Mops (I') B bemom mope B 2016-2018 rr.

Fig.4. Seasonal changes of the monthly means of Chl concentration (4), the particle backscattering
coefficient by, (b), the yellow substance absorption coefficient (B), sea surface temperature SST (I') in the
subregions of the White Sea in 2016-2018.
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Pucynok 5. CpenHemecsryHble pacnpenefieHHss 3HAYCHHH KOHLEHTPALMH XJIOpOQWia W IOKa3aTels
TIOTJIOIIIEHYIS ’KENTHIM BerecTBoM B bemom mope B mae-asrycre 2016 r (Bepxauit psn) u 2017 r. (HUKHAKR).

Fig.5. Monthly mean distributions of the Chl and a, values in May - August of 2016 (top) and 2017
(bottom).



PexopHO BBICOKME 3HAa4YeHHs KOHIEHTpauuu xiopoduiuia B J[BUHCKOM 3aiuBe
Habmonamuck B mone 2017 r. (3.8 mMr M), urone (3.1 Mr M™) u centabpe (2.6 Mr M™) 2016 1., B
OnexckoM 3amuBe — B moHe 2016 1. (3.5 mr M), mrone 2017 1. (3.2 Mr M) u cenrsope 2018 .
(2.8 wmr M'3); nokasarenst by, B JlBuHckoM 3amuBe — B aBrycre 2018 r. Jlis mokasarens
HOTITIOIEHHUS d, PEKOPABI ObLTH MOOUTHI B 000MX 3a1MBax B uioje u aBrycre 2017 r., B OHe:xCKOM
3anmuBe U B Mae 2018 1., u B uroHe, U B centTsiOpe 2017 r., mpuyeM B HIOJNE M aBryCTe OHHU B
HECKOIILKO Pa3 IPEBBICHIIN cpeHe-KuMaTnaeckue 3aadenns (1.5 u 1.4 m™"). Temneparypa Bos!
B 000X 3aMBax ObLla aHOMAJILHO BBICOKOW B Mae-mtoinie 2016 r. (B utone B JIBUHCKOM 3aivBe
takke B 2018 T.), cpemHe-KIMMaTHUYECKUE 3HAYCHHSI OBLIM TPEBBIIICHBI BO BCE MECSIIBI

HaAOJIFOICHUI.

Baaruiickoe mope

s Bantuiickoro Mopsi HIDKE TPHUBEICHBI MaHHbIC st DUHCKOTO 3aluBa, TAE ObLI
pa3paboTaH pEerHOHANLHBIA aJrOPUTM JJIs OLIEHKHM OuoMacchl IuaHoOakrepwii [1], mMaccoBoe
[[BETEHHE KOTOPBIX peryJsipHO Habmronaercs B bantuiickom Mope B jeTHHIA ce30H. Ha pucynke 6
MOKa3aHbl CE30HHBIC M3MEHEHHUS KOHIIEHTpalUu XJIopoduiuia, moka3aTelell paccesHUs Hazal

B3BCHICHHBIMHM YaCTHULIAMH U MOIJIOMICHHUA KCJIThIM BCIHICCTBOM, TCMIICPATYPhI MOBECPXHOCTU

MODS.
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Pucynox 6. Ce30HHBIC N3MEHEHUS KOHIICHTPAIUU XJIopodmiuia (A), ToKa3aTes pacCessHUs Ha3al
B3BemIeHHBIME dacTuiamMu (B), ToOKa3arens TOINIOMIEHUs XeNTeiM BemecTBoM (B) u TemmepaTyps
noBepxHocTH Mops (I') B @unckom 3anuBe bantuiickoro mops B 2016-2018 1.

Fig.6. Seasonal changes of the monthly means of Chl concentration (A), the particle
backscattering coefficient by, (b), the yellow substance absorption coefficient (B), sea surface temperature
SST (T) in the Gulf of Finland of the Baltic Sea in 2016-2018.

B paccmarpuBaemsiii nepuon it (DHHCKOrO 3ajMBa 3aperuCTPUPOBAHO TOJIBKO OJHO

PEKOpIHOE 3HAYEHUE OMOONITHYECKUX XapaKTEPUCTHK — KOHIIEHTpamu xiopoduia B mae 2017
3

r. (4.9 mr m™). Temneparypa BOJibl 3aMETHO MPEBBICKIIA CPEHE-KIIMMATUIECKUE 3HAYCHUS B Mae-

centsiope 2018 r., HO 3TH 3HaUeHHs ObUIM JaleKu OT peKopAHbIX (Oonee 21 °C B urone-aBrycre



2010 r. Kcrartu, umenno B 2018 r. 3Ha4ueHus: GMOMaCChl IMaHOOAKTEPHI OKA3aIUCh CYIIIECTBEHHO
6osee BbICOKMMH, yeM B 2016 1 2017 rr. (0gHaKO aJIeKu OT PEeKOpAHbIX 3HaueHu# B utone 2004 T.
— okouto 800 mr m” u aBrycre 2015 r. — Gonee 600 mr m> [1].

CpennemecsuHble TPOCTPAHCTBEHHBIE pacrpenenieHus OuoMacchl IMaHoOakTepuil B
utosie 1 aBrycte 2017 u 2018 rr. mokazansl Ha pucyHke 7. BuaHo, kak cmeniaercsi 1BeTEHUE B
aBTyCT€ Ha BOCTOK OT OTKPBITOH YacTH 3aJIiBa B UIOJIE, I7I€ HA JOCTATOYHO OOJIBIION aKBaTOpUU

sHauernst BCyan npessimaot 600 Mr M.
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Pucynok 7. CpemHemecsaHbIe pacnpeaencHns OnoMaccsl nuanobaktepuii B OUHCKOM
3amuBe B 2017 n 2018 rr.
Fig.7. Monthly mean distributions of the cyanobacteria biomass in the Gulf of Finland in 2017 and 2018.

YepHoe Mope

Ce30HHBIE H3MEHEHHs KOHIIGHTPALMU XJIOpO(PHIUIA, TOKA3aTellsl pacCestHUus Hazal
B3BCIICHHBIMM  YaCTHLIAMH, KOHIIGHTPALMHM KJIETOK KOKKOJMTOQOPHUA M  TeMIepaTypbl
MOBEPXHOCTH MOPsST B BOCTOYHOM TITyOOKOBOAHON dacTu (cyOperuoH #7) W BOCTOYHOU
puOpex)HOM 30HE (CyOpernoH # §) moKa3aHbl Ha PUCYHKE 8.

PexopHO BBICOKHE 3HAUCHUS 1TOKA3aTeNs byp 3aPETUCTPUPOBAHBI B CyOperuone # 8 B mae-
utonie 2017 r. (3HaueHus by, B cyOperuone # 7, XoTs U ObLIM BBICOKMMU, HO ycrymuan 2012 r.),

OHU ObLTH 00YCIIOBIICHBI HHTEHCHBHBIM KOKKOIMTO(QOPHIHBIM 1BeTeHueM [3]. B cyOperuone # 8



3apEeTUCTPUPOBAHO PEKOPTHO BHICOKOE 3HAYCHHE KOHIICHTpaIK xyiopodunia B utoie 2017 r., uto
TaKke ObLI0 00YCIOBIEHO KOKKOIUTO(MOPHUIHBIM IIBETEHHEM. VI3MeHeHHs 3HaYeHUs TTOKa3aTenen

nornouienus B 2017-2018 rr. paccMOTpeHbI B HEITaBHO OMYOJIUKOBaHHOM padote [4].
chl, mr/m? b, M N, MIH K1./1 SST, °C
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Pucynox 8. Ce3oHHBIC W3MEHEHHS KOHIEHTpanuu xiopodmmaa (A), mMoOKa3aTelsl paccesHUAs Haszal
B3BemIeHHBIMU yacTuiamu (Bb), KoHIeHTpanuu KIeTok KokkonuTodopun (B) u Temmneparypsl MOBEpXHOCTH
mops (I') B Ueprom mope B 2016-2018 rT.

Fig. 8. Seasonal changes of the monthly means of Chl concentration (A), the particle backscattering
coefficient by, (b), the coccolithophore cell concentration (B), sea surface temperature SST in the
subregions #7 and #8 of the Black Sea.

Ha pucynke 9 mokaszaHbl cpeJHEMECSUHbIE pacHpE]esICHUs 3HAYEHU KOHLIEHTpalHH
KJIeTOK KokkonuTodopua B YUepHom mope B mae u urone 2017 u 2018 rr. Bunno, 4rto B HioHe
2017 r. uBereHUME OXBAThIBAIO IIPAKTUYECKM Bce Mope, Torga kak B 2018 r. nBereHus
¢daktiueckn BooOme He Obuto. OTmeruMm, uro B 2017 T. 4YeTKO BBIPAKEHHOE I[BETCHUE
HaOmonanock B Mae. [lo cpeaHemy 3HAYCHHIO KOHIIGHTPAIMM KIETOK B cyOpermone # 8
usereHue B mae 2017 r. ycrynmuwio maro 2012 r., HO mpeB30LLIO IOCIEAHEE IO IUIOIIAIU

uBereHus — npumepHo 200 ThIC. KB. KUJIOMETPOB.

Kacnuiickoe mope
Ce30HHBIC W3MEHEHHUS KOHIICHTpAIMM XJIOpo(duiuia, TMoKa3aTelied pacCcestHHsl Hazal
B3BCIICHHBIMU YaCTUIIAMU U MOTJIOMCHUA KCIITbIM BCIICCTBOM, TCMIICPATYPhI IOBCPXHOCTH MOPA

st Tpex cyopernonos Kacrnmiickoro mops [1] mokazansl Ha pucyske 10.
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Pucynok 9. CpegnemecsdHble pacipeieNieHns 3HaYeHUH KOHIIEHTPAIMH KJIETOK KOKKOIUThopua B UepHoM
Mope B Mae u uroHe 2017 n 2018 rr.

Fig.9. Monthly mean distributions of the coccolithophore cell concentration in the Black Sea in May and
June of 2017 and 2018.
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CeBepHblii

Pucynox 10. M3MeHeHUWs cpegHEMECSYHBIX BEIWYMH OCHOBHBIX OHMOONTHYECKHX XapaKTepPHCTHUK H
TEeMIepaTypsl MOBEpXHOCTH Mops B 2016-2018 rr.

Fig.10. Seasonal changes of the monthly means of Chl concentration (A), the particle backscattering

coefficient by, (b), the yellow substance absorption coefficient (B), sea surface temperature SST (I') in
2016-2018.

B paccmarpuBaemsblii nepuon B KacnuiickomMm Mope 3aperucTpupoBaHbl HECKOJBKO
PEKOPJIHO BBICOKMX 3HAUEHHUH INapamMeTpoB; Bce OHM OTHocuiuch K CeBepHomy U CpenHemy
Kacnuto. B mepBoM KoHIEHTpamus XJopoduiuia MpeBbICHIa PEKOPIHbIE 3HAUYEHUS B HIOHE H

asrycre 2016r., nokasatens by, B Mae 2018 r. B Cpennem Kacnuu koHneHTpamus xjiopoduiia



ObL1a pexopaHoil B urone 2016 r. u aBrycre 2017 r., 3HaueHue nokaszarens by, — B aBrycre 2017 r.,
MOKa3aTenb TMOrjomeHns - B aBrycre-ceHTssope 2017 r. Temmeparypa MOBEpXHOCTH MOps B
JIETHUE MeCAIbl Obula BBIIIE CPEIHE-KIMMATUYECKUX 3HAYCHWH, €€ CBS3b CO 3HAUYCHHUSIMH
OMOONITHUECKUX XAPAKTEPUCTUK HE OOHAPYKEHO.

Ha pucynke 11 moxazaHbl pacmpeneneHHs KOHIEHTpaluu Xjiopoduiia B HIONEe U
nokasarenst by, B aBrycre B 2016-2018 rr. n «cpenne-kumarudeckue» (1998-2011). Bunno,

4TO BBICOKUMU 3HaueHussMH Chl u by, B 2017 1. 3ameTHO Bbiaensercs Cpenuuil Kacnuid.
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Pucynoxk 11. CpegHemecsuHbIe pacipeienenns KOHIeHTpanny xjaopoduiura Chl B urone u moKa3aTess
paccesiHUs Ha3a[ B3BELICHHBIMU yacTuliaMu by, B aBrycte 2016-2018 rr. u «cpenHe-KINMaTHUYeCKUe»
pacmpenencHus 1998-2011 rr.

Fig.11.Monthly means of Chl concentration in July and the particle backscattering coefficient by,

in August of 2016-2018 and “climatic” distributions of 1998-2011.

[logBoas wWTOr mpeAcTaBIEHHBIM BbIIIE peE3yJbTaTaM, CIEIyeT OTMETUTh, 4YTO B
paccMaTpuBaeMblii TIEpHOJ BO BCeX, 0€3 MCKIIOYEHHUS, MOPSX 3apEerHCTPHUPOBAHBI PEKOPIHBIC
3HA4YEHHUs XOTS OBl OIHOM M3 OMOONTHUYECKUX XapaKTepUCTUK. THTepecHOo, 4TO B MOAABIISIOUIEM
OOJIBLIIMHCTBE CITy4yaeB pPEKOpPAHbIC 3HAYCHHS ObUIM 3aperucTpupoBanbl B 2017T. U OTHOCHIINCH
nubo k mokasarento by, (B bapenunesom, Kapckom, Uepnom n Kacnuiickom mopsix) 1ubo u K
KoHIeHTpauuu xiopodpmia (benoe u banruiickoe mopst, Cpexaauii Kacnuii). [Ipuunasl 3TOTO Ha

I[ElHHBIfI MOMCHT HEC ACHBI.



Conclusion

In conclusion, we present the results of using the Atlas data to estimate the most
significant inter-annual changes in the bio-optical characteristics of the considered seas in 2016-

2018. (based on the materials of the article [4]).
Barents Sea

Figure 1 on the left shows the seasonal changes in the concentration of chlorophyll Chl,
the particle backscattering coefficient by, and the sea surface temperature SS7 in different
subregions from May to September. It can be seen that the relative changes during the period
under consideration in most cases corresponds to the “average climatic”, but the absolute values

significantly exceed the average climatic.

This applies to all of the above parameters, and in several cases, the record values for the
whole period of observation were recorded:

Chl in the Northern subregion in May and August 2016 (0.41 and 0.24 mg m™), in the Middle
Barents - in August and September 2017 (0.28-0.29 mg m™), in the South subregion - in May
2018 (0.38 mg m™);

byp - 1in the Northern subregion in May 2016 (5.5 m’™"), in the Middle - in July 2016 (11.3 m™) and
September 2017 (10.4m ™).

Note that the average monthly SS7 values in almost all cases significantly exceeded the average
climatic values, including several record values for the whole period of observations, all of them
refer to 2016 - May and July in the Middle subregion (3.9 and 10.1°C), July-September in the
South - (11-13°C).

The right-hand side of Figure 1 shows the monthly average distributions of Chl and bbp
values in June and August 2017. On the June maps, the spring bloom of phytoplankton,
presumably diatoms, is clearly visible (especially brightly on the Chl distribution map, but also
on the by, map). Coccolithophore bloom is clearly visible on the bottom maps (especially
brightly on the by, distribution map, on the chlorophyll map too, but not so clearly). These two

phenomena mainly determined the appearance of record values of Ch/ and byy,.

Kara Sea

Figure 2 presents diagrams for two subregions of the Kara Sea: K1 - the south-western
part of the sea and K2 - the north-eastern. Comparing Figures 1 and 2, one can see a significant
difference between them: for the Kara Sea there is no such apparent excess of the calculated
values of the bio-optical parameters over their average climatic values, as for the Barents. The

number of the record values for the whole period of observations for the Kara Sea is less than for



the Barents Sea, and almost all of them relate to K1. They include the Chl/ value for June 2018
(1.23 mg m™) and byp for August 2017 (0.0108 m’™"); for the K2 subregion for September 2018
(0.0068 m™).

The most important factor determining the spatial distribution of bio-optical
characteristics in the Kara Sea is river runoff: its distribution in the Kara Sea depends, first of all,
on the prevailing wind direction [1]. Figure 3 shows the changes in the spatial distribution of the
values of the yellow substance absorption coefficient a, in July-September 2016 and 2017
depending on the prevailing wind direction. As seen in the diagrams of Fig.2, this especially

affects the K2 subregion.

White Sea

In the White Sea during the considered period, significant changes in the bio-optical
characteristics were observed (Fig. 4, 5); a few record high values were registered. Among them,
the chlorophyll concentration in the Dvina Bay in June 2017 (3.8 mg m™), July (3.1mg m™) and
September (2.6 mg m™) in 2016; in Onega Bay in June 2016 (3.5 mg m™), July 2017 (3.2 mg m"
%) and September 2018 (2.8 mg m™); byp in the Dvina Bay - in August 2018.

The record values of the yellow substance absorption coefficient a, were observed in
both bays in July and August 2017, in Onega Bay in May 2018, and in June and September
2017; in July and August 2017 they exceeded several times the average climatic values (1.5 and
1.4m™).

The SST values in both bays were abnormally high in May-July 2016 (in the Dvina Bay

also in July 2018), the average climatic values were exceeded in all months of observation.

Baltic Sea

For the Baltic Sea, we present the data for the Gulf of Finland, where a regional
algorithm was developed for estimating the biomass of cyanobacteria [1], the mass blooms of
which is regularly observed in the Baltic Sea during the summer season. Figure 6 shows seasonal
changes in chlorophyll concentration, the particle backscattering and the yellow substance

absorption coefficients, and sea surface temperature.

In the considered period, the only record value of the bio-optical characteristics,
registered for the Gulf of Finland, was the Chl concentration in May 2017 (4.9 mg m™). The SST
values significantly exceeded the average climatic values in May-September 2018, but these
values were far from the record ones (more than 21 °C in July-August 2010). In 2018, values of
the cyanobacteria biomass were significantly higher than in 2016 and 2017 (however, they were
far from the record values in July 2004 - about 800 mg m™ and in August 2015 - more than 600
mgm™ [1].



The monthly mean spatial distributions of the cyanobacteria biomass in July and August
2017 and 2018 are shown in Figure 7. In August, the bloom shifted eastward from the open part

of the Bay in July, where BCyan values exceeded 600 mg m™ on a large area.

Black Sea

Seasonal changes in chlorophyll concentration, the particle backscattering coefficient,
coccolithophore cell concentration and sea surface temperature in the eastern deepwater part

(subregion # 7) and the eastern coastal zone (subregion # 8) are shown in Figure 8.

The record-high by, values were registered in subregion # 8 in May-July 2017 (in
subregion # 7 the by, values were also high, but less than in 2012). These values have arisen
from an intense coccolithophore bloom [5].

In subregion # 8, a record high chlorophyll concentration was recorded in July 2017,
which was also due to coccolithophore bloom. Changes in the values of the absorption

coefficient in 2017-2018 were considered in a recently published work [6].

Figure 9 shows the monthly mean distributions of the concentration of coccolithophore
cells in the Black Sea in May and June 2017 and 2018. It can be seen that in June 2017, the
bloom covered almost the entire sea, while in 2018 there was virtually no bloom. Note that in
2017, pronounced bloom was observed in May. The average value of cell concentration in
subregion # 8 in May 2017 was inferior to May 2012, but surpassed the latter in area of the

bloom - about 200 thousand square kilometers.

Caspian Sea

Seasonal changes in chlorophyll concentration, the particle backscattering and the yellow
substance coefficients, sea surface temperature for three subregions of the Caspian Sea [1] are
shown in Figure 10.

During the considered period, several record high parameter values were registered in the
Caspian Sea; all of them were in the North and Middle Caspian. In the first, chlorophyll
concentration were exceeded record values in June and August 2016, the by, values - in May
2018. In the Middle Caspian, chlorophyll concentration exceeded the record value in June 2016
and August 2017, the by, coefficient - in August 2017, the yellow substance absorption
coefficient - in August-September 2017. Sea surface temperature in the summer months was
higher than the average climatic values, its relationship with the values of the bio-optical

characteristics was not found.

Figure 11 shows the distribution of chlorophyll concentration in July and the by, values in
August 2016-2018 as well as the “mean climatic” distribution 1998-2011. It can be seen that the

Middle and South sub-regions are noticeably distinguished by high Chl and by, values in 2017.



Summing up the results presented above, it should be noted that during the period under
review, the record values of at least one of the bio-optical characteristics were registered in all
considered seas. Interestingly, in the vast majority of cases, the record values were observed in
2017: they related either to the by, coefficient (in the Barents, Kara, Black and Caspian seas) or
to chlorophyll concentration (White and Baltic Seas, the Middle Caspian). The reasons for this

are currently not clear yet.
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