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Cyopernonbl. Subregions

Kparkoe ¢usuko-reorpapuveckoe onucanue UYepHoro mMops JaHO B TiiaBe 6 MoHorpaduu

(Konenesuy u ap., 2018). Mcxos U3 OCHOBHBIX pa3iuyuil yCIOBHi, ONpeaesitomux GopMUpoBaHuE

OMOOTITHYECKUX XAPAKTEPUCTUK BOJI, BBICICHO 8 CyOpErHOHOB.

A brief physical and geographical description of the Black Sea is given in Chapter 6 of the

monograph (Kopelevich et al., 2018). Of the main conditions that determine the parameters of the

bio-optical characteristics of water, 8 subregions have been identified.
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1. North inner shelf (depths less than 50 m) — ceBepubIit BHyTpeHHui#t menbd (rmyonsbr Menbie 50 m);

2. North-western inner shelf (depths less than 50 m) — ceBepo-3amaaHsIil BHyTpeHHHMH MIeNbQ (TTyOuHB MeHbIme 50 M);

3. South-western inner shelf (depths less than 50 m) — roro-3amaauerit BHyTpeHHuit mensd (rmyouHsr Mensine 50 m);

4. North-western outer shelf (depths 50-200 m) — ceBepo-3amaausiii BHenHu menbd (rayounsr 50-200 m);

5. South-western outer shelf (depths 50-200 m) — roro-3anaambiii BHenHui mweibd (rmyoussr 50-200 m);

6. Western open part (depths more than 200 m) — 3amagHas oTkpbITas 9acthb (rayouns! Gonsime 200 m);

7. Eastern open part (depths more than 200 m) — BocTouHast OTKpbITast yacTh (rayounsl 6osbiire 200 m);

8. Eastern and southern shelf (depths less than 200 m) — BocTouHblit U F0XHBIH weabd (r1yOonHbl MeHbLIe 200 M).
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Cy6peruonbst Yéproro mops (Subregions of the Black Sea)




KapTsl cpeanemMecssunbix pacnpeneaenunii. Maps of monthly average
distributions

Konyenmpayus xnopogunna. Chlorophyll concentration
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0 0.25 0.5 0.75 1 B cyma [ ]- HeT JaHHbIX

Pacnipenenenus cpenne-knumatnueckux (2003-2023 rr.) 3HaueHUI KOHIIEHTpALMK XJI0poduIia
Chl (mr/m®), paccunTtannslie o perrnonansHeM anroputmam MO PAH [mis perronos 1-5: Cyetun
u 1p. 2018, 2001, 2002; as peruonos 6-8: Bypernkos u ap., 2002]

Distributions of climatic averages (2003-2023) values of chlorophyll concentration Chl (mg/m?),
calculated with the particle backscattering coefficient using regional algorithms of the 10 RAS [for
regions 1-5: Suetin et al. 2018, 2001, 2002; for regions 6-8: Burenkov et al, 2002].



Tlokazamens nocnowenus sxcermoim sewecmeom. Yellow substance absorption
coefficient
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November December

S i
0 0.1 0.2 0.3 0.4 M cyma [ ]- HeT IaHHBIX

Pacnipenenenus cpenne-knumarndeckux (2003-2023 rr.) 3Ha4eHU MOKa3aTes MOTIOMICHUS
JKEITBIM BEIECTBOM dg (M), paccunranuble no peruoHanbHbM anroputmam MO PAH (Bypenkos
u zip., 2002)

Distributions of climatic averages (2003-2023) values of the yellow substance absorption
coefficient ag (m), calculated with the particle backscattering coefficient using regional algorithms
of the 10 RAS (Burenkov et al, 2002).



Iokazamens paccesnus nazao e3sewennvimu wacmuyamu. Particle backscattering
coefficient
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P J—— -
0 0.1 0.2 0.3 0.4 M cyma [ ]- HeT JaHHBIX

Pacnipenenenust cpeane-knumatrdeckux (2003-2023 rr.) 3HaueHui moka3aTelis paccesHus Ha3aj
B3BENICHHBIMH YacTHIIAMHU Dy (M), paccunTanHbIE O perMoHaNbHBIM anroputMam MO PAH
(Bypenkos u ap., 2001)

Distributions of climatic averages (2003-2023) values of the particle backscattering coefficient by,

(m™), calculated with the particle backscattering coefficient using regional algorithms of the 10
RAS (Burenkov et al, 2001).



Konyenmpayus ezeewennozo sewecmea. Suspended matter concentration

[ T80
0 0.5 1 1.5 2
W cywa [ ]- HeT JaHHBIX

Pacnipenenenust cpenne-knumatraeckux (2003-2023 rr.) 3HaueHU KOHIICHTPAIIMHU B3BEIICHHOTO

BertectBa (TSM, Mr/i), paccuntanubie o pernoHansHbIM anroputmam MO PAH (Bypenkos u ap.,
2001)

Distributions of climatic averages (2003-2023) values of the total suspended matter concentration

(TSM, mg/l), calculated with the particle backscattering coefficient using regional algorithms of the
IO RAS (Burenkov et al, 2001).
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Konyenmpayus xoxkkonumogopud. Coccolithophore concentration

1.5 3 4.5
W cyma [ |- HeT JaHHBIX

Pactipenenenust  cpepne-kimMatudeckux  (2003-2023 rr.)  3HAYCHWH ~ KOHIICHTPAIUH

kokkomutopopua (Neoc, 10% ki./1), paccunraHHble MO pervoHanbHBIM anroputmam MO PAH

(Kopelevich et al., 2014; Vazyalya et al., 2023)
Distributions of climatic averages (2003-2023) values of the coccolithophore concentration (Ncoc,

108 cells/l), calculated with the particle backscattering coefficient using regional algorithms of the
I0 RAS (Kopelevich et al., 2014; Vazyalya et al., 2023).
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Temnepamypa nosepxnocmu mops. Sea surface temperature
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land
no data

September October

land
no data

November December

Pacnipenenenust cpenne-knumatndeckux (2003-2023 rr.) 3HaueHUM TemmepaTypbl MOBEPXHOCTU

mopsi (SST, °C) cranmaptroro npoaykra L3 NASA (https://oceancolor.gsfc.nasa.gov/13/)

Distributions of climatic averages (2003-2023) values of the sea surface temperature (SST, °C)

standard L3 NASA product (https://oceancolor.gsfc.nasa.gov/13/)

KapTtsl pacnipeneneHuii cpeIHEMECSHBIX BETUYUH OMOOTITHYCCKAX XapaKTCPUCTHK U
TEMIIepPaTypbl MOPs IOCTYIHBI 10 ccbuike: Black Maps.

Maps of distributions of monthly average values of bio-optical characteristics and sea
temperature are available at the link: Black Maps.

13


https://oceancolor.gsfc.nasa.gov/l3/
https://oceancolor.gsfc.nasa.gov/l3/
https://cloud.ocean.ru/index.php/s/3cI0zBjPA0NQ75a
https://cloud.ocean.ru/index.php/s/3cI0zBjPA0NQ75a

Jlnarpammbl o cyopernonam. Diagrams by subregions

Ilokpeimue oannvimu. Data coverage

Exemecsunoe nmokpoitre Yéproro mopst nanabivu SeaWiFS (cunrwmit) 1 MODIS-Aqua (kpacHBrit)

Monthly coverage of the Black Sea by SeaWiFS (blue) and MODIS-Aqua (red) data
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Esxemecsiunoe mokpbitue YepHoro mMopst nanubiMu SeaWiFS (cunmit) 1 MODIS-Aqua (kpacHbiit)
Monthly coverage of the Black Sea by SeaWiFS (blue) and MODIS-Aqua (red) data
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Esxemecsiunoe mokpbitue YepHoro mMopst nanubiMu SeaWiFS (cunmit) 1 MODIS-Aqua (kpacHbiit)

Monthly coverage of the Black Sea by SeaWiFS (blue) and MODIS-Aqua (red) data
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Esxemecsiunoe mokpbitue YepHoro mMopst nanubiMu SeaWiFS (cunmit) 1 MODIS-Aqua (kpacHbiit)
Monthly coverage of the Black Sea by SeaWiFS (blue) and MODIS-Aqua (red) data

#7 Eastern open part— BocTouHas oTKpbITad YacTb
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Konyenmpayus xnopochunna. Chlorophyll concentration

V3MeHeHHUs cpeIHEMECIHBIX BEIMYMH KoHIeHTpanuu xnopodusia Chl (mr/md).
UepHas kpuBas — cpeJHue u3MeHeHus 3a nepuo 1998-2023 rr.

Changes in the monthly average values of chlorophyll concentration Chl (mg/m?).
The black curve is the average change for the period 1998-2023

#1 North inner shelf — ceBepHbI BHYTPEHHWUIA LWeNbgd

1998 2000 2002 2004 2006 2008 2010
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V3MeHeHHUs cpeIHEMECIHBIX BEIMYMH KoHIeHTpanuu xnopodusia Chl (mr/md).
UepHas kpuBas — cpeJHue u3MeHeHus 3a nepuo 1998-2023 rr.

Changes in the monthly average values of chlorophyll concentration Chl (mg/m?).
The black curve is the average change for the period 1998-2023

#3 South-western inner shelf — toro-sanagHblil BHYTPEHHUIA Wenbg
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V3MeHeHHUs cpeIHEMECIHBIX BEIMYMH KoHIeHTpanuu xnopodusia Chl (mr/md).
UepHas kpuBas — cpeJHue u3MeHeHus 3a nepuo 1998-2023 rr.

Changes in the monthly average values of chlorophyll concentration Chl (mg/m?).
The black curve is the average change for the period 1998-2023

#5 South-western outer shelf — oro-sanagHbl BHELUHWI WeNbd
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V3MeHeHHUs cpeIHEMECIHBIX BEIMYMH KoHIeHTpanuu xnopodusia Chl (mr/md).

UepHas kpuBas — cpeJHue u3MeHeHus 3a nepuo 1998-2023 rr.

Changes in the monthly average values of chlorophyll concentration Chl (mg/m?).

The black curve is the average change for the period 1998-2023
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[loxazamenv paccesnus nazao e3seuwennvimu wacmuyamu. Particle backscattering
coefficient

VI3MeHEHHs CPeIHEMECIHBIX BEIMUMH [OKA3aTels PACCEsHHs Ha3a/l B3BCIICHHBIMH JacTHIaMU Dy, (M™).
UepHas kpuBas — cpefHre u3MeHeHus 3a nepuoy 1998-2023 rr.

Changes in the monthly average values of the particle backscattering coefficient by, (m™).
The black curve is the average change for the period 1998-2023
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N3meHeHus cpelHEMECIYHBIX BEJIMYMH [T0KA3aTelsl PACCESIHUS Ha3a]| B3BEIIEHHBIMU YaCTULAMU bbp (M.
UepHas kpuBas — cpeare u3MeHeHus 3a meproa 1998-2023 rr.

Changes in the monthly average values of the particle backscattering coefficient by, (mD).
The black curve is the average change for the period 1998-2023
#3 South-western inner shelf — woro-sanagHblii BHYTPEHHUIA LWenbd

T L
.....

1998 2000 2002 2004 2006 o 2008 ' 2010

9

2012 2014 2016 2018 2020 2022 2024

#4 North-western outer shelf — ceBepo-3anagHbii BHEWHWUIA Wenbd

0.03 4
| | I | | | [ | | | [ ! |
1 | | I | ! | [ | | | [ ! |
e
] | | I | ! | | ! | | | ! |
| | I | | | [ | | g | |
0.01 ). - oy A Y N S | [ [ | [ | |
.; | I | | I | - | | : ! " I | |
) il i “|nHIL |||unL i uﬁullunlJlluulﬂlluuldllnnlﬂl IlluhlﬂlluulJlllL
369 1360 1368 35691369 369369369 36915366 3689 3693869
1998 2000 2002 2004 2006 2008 2010
0.03
! | | | | | | I
| | I | | | | I
I | |
| [ | | [ | | I
0.01 L o [ | | I I
RFETERTerR ur Y
0 n |huM|h|nudlhnudh.mldhnunlh """ ﬁ"HIh """ HuMl“I“'ffT
J 59 369 51369 |36 69 36 5 3 6 6
2012 2014 2016 2018 2020 2022 2024

23



N3meHeHus cpelHEMECIYHBIX BEJIMYMH [T0KA3aTelsl PACCESIHUS Ha3a]| B3BEIIEHHBIMU YaCTULAMU bbp (M.
UepHas kpuBas — cpeare u3MeHeHus 3a meproa 1998-2023 rr.

Changes in the monthly average values of the particle backscattering coefficient by, (mD).
The black curve is the average change for the period 1998-2023

#5 South-western outer shelf — toro-sanagHbell BHeLWWHWA WeNbd
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N3meHeHus cpelHEMECIYHBIX BEJIMYMH [T0KA3aTelsl PACCESIHUS Ha3a]| B3BEIIEHHBIMU YaCTULAMU bbp (M.
UepHas kpuBas — cpeare u3MeHeHus 3a meproa 1998-2023 rr.

Changes in the monthly average values of the particle backscattering coefficient by, (mD).
The black curve is the average change for the period 1998-2023

#7 Eastern open part— BocTouHas oTKpbITas 4acTb
0.03 4

I I I I I

I I I I I

I I I I I
0.02 I | I I I
| | | | |
I I I I I
| I I I |

0.01 - ) i ‘
0 . | i |I||| I| i |I||I'I| |I il I| T I| il
3 ¢ !] 3 I' 9 3 9 II 6 9 3 E] 3 G 9 3 ] 3 6 9 369 ie 9 i b6 9 i 69
1998 2000 2002 2004 2006 2008 2010
0.03
| | I | | |
| | I | | |
0.02 o | : : |
o I I I 1 I
0.01- : l'l : § ) : 1 i ! ] i
. | I I ) J [} H I
. e e || il .||||*.| i |.-.u||..|.||.....|_||_|| it || i
369 9 6 9 369 9 369 36 9 369 3 6 EI 9 3 6 9 369
2012 2014 2016 2018 2020 2022 2024

#8 Eastern and Southern shelf — BOCTOYHbIW W 1OXKHbBIA Wenbd
0.04+

] 1 | | | I I | |

1 | | | I I | |
0.03 1 | | | I I | |
I | | | | I | |
I | | | I | | |
| | I I I I I |

0.02

369 3 6 ¢ i b ¢ 3 9 369 3651 369 3 369 3[5 3' : 36 9 |
1998 2000 2002 2004 2006 2008 2010

002 | |
A p n bt BE At el At
001 { i L ) e
. el ||;||||| I u;|I||| il |I||| ity ||||| i
9 69 369 9 369 36 9 369 3 6 EI 9 3 6 3 6
2012 2014 2016 2018 2020 2022 2024

25



[loxazamenv nozcnowenus scenmoim sewecmeom. Yellow substance absorption
coefficient

VI3MEHEHHs CPETHEMECIHBIX BEIMUMH [OKA3aTelsl MOTIOMICHHUS JKENTHIM BEIIeCTBOM ay (M™).
UepHas kpuBas — cpefHre u3MeHeHus 3a nepuoy 1998-2023 rr.

Changes in the monthly average values of the yellow substance absorption coefficient a, (m™).
The black curve is the average change for the period 1998-2023
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N3menenus CPEAHCEMECAYHBIX BEJIMYNH MTOKA3aTCJIA MOTJIOMICHUS KEJITHIM BEIIECTBOM ag (M_l).

Changes in the monthly average values of the yellow substance absorption coefficient a, (mY).

UepHas kpuBas — cpefare n3MeHeHus 3a nepuoy 1998-2023 rr.

The black curve is the average change for the period 1998-2023
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Konyenmpayus e36ewennoco sewjecmsa. Suspended matter concentration
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1.6
1.2

W3MeHeHus cpeTHEMECSYHBIX BEJIMYMH KOHIICHTPALMU B3BEIICHHOTO BetecTBa (TSM, mr/m).
UepHas kpuBas — cpejHue u3MeHeHus 3a nepuoj 1998-2023 rr.
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Konyenmpauyus xoxkkorumogopuo. Coccolithophore concentration

V3MEHEHHUS CPEHEMECIHBIX BEMYMH KOHIEHTpanu KOKKOIUTodopua (Neoe, 10° Ki1./11), paccuntannble B

7 u 8 peruonax UepHoro Mopsi. YUepHas kpuBasi — cpeiHre n3MeHeHus 3a nepuon 1998-2023 rr.

Changes in monthly average values of the coccolithophore concentrations (Ncoc, 10° cells/I) calculated in the
Black Sea 7 and 8 regions. The black curve is the average change for the period 1998-2023

#7 Eastern open part — BocToyHas OTKpbITas yacTb

575 757

1998 2000 2002 2004 006 P008

2010

0 ;"':..:|‘.-..;"!;---.‘.-_z':J.ﬂ'&..jb.!'b.-}lz-g !.-‘r.-:.‘:‘--f‘:.-!'!-Z-};--:.'{'---.l:.-;:!.:-:."!-:A:-E."g-:.' ';.;_-.:"!.-:‘L-..!";

575 7S5 7S 7S S SIS IS TEASTETNE TS TS TGS TS VSISV IS S ST

P012 014 P016 P018 2020 022

#8 Eastern and Southern shelf — BOCTOMHbBIN W HOXKHbBIW LWeNbgd

P024

29



Temnepamypa nosepxrnocmu mopsi. Sea surface temperature

M3MeHeHus cpeJTHEMECSUHBIX BEJTMUMH TeMIlepaTypbl moBepxHoctu mopsi (SST, °C).
UepHas kpuBas — cpegnue usMeneHus 3a nepuoj 2003-2023 rr.

Changes in the monthly average values of the sea surface temperature (SST, °C).
The black curve is the average change for the period 2003-2023
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V3MeHeHNUs cpeTHEMECTIHBIX BEJHYMH TeMITepaTypsl moBepxuoctu Mops (SST, °C).
UepHas kpuBas — cpefHue u3Menenus 3a nepuoj 2003-2023 rr.

Changes in the monthly average values of the sea surface temperature (SST, °C).
The black curve is the average change for the period 2003-2023
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JlaHHbBIE CpelIHEMECSYHBIX paclpeAcIeHUl OMOONTHYECKUX XapaKTEPUCTHK U TeMIIepaTyphl

HIOBEPXHOCTH MOPSI, TI0 KOTOPBIM OBLTH ITOCTPOCHBI IMArpaMMBbl, TOCTYITHBI 110 ccbuike: Black Tables.

Data on the monthly average distributions of bio-optical characteristics and sea surface
temperature, on which the diagrams were constructed, are available at the following link: Black
Tables.
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