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Importance of investigation

Last week 423.96 ppm
1year ago 421.40 ppm

10 years ago (2014) 397.47 ppm

NOAA-GML Brought to you by:

Mauna Loa data w C02.earth

https://www.coz.earth/carbon-in-the-ocean
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CO2 has increased in the atmosphere by 51% (287 ppm) since 1750

The World Ocean absorbs 25% of anthropogenically generated CO2



* Intra-annual variations in FCO,,

* Average annual flux of CO, at the Black Sea surface




I'he Carbonate System
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Decadal changes in the carbonate system
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Concentration of H™ has increased by 2.5
Alk has revealed minor changes.
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CO, flux at the sea surface (Wannikhof, 2014)

FCO2 — NOTOK YrNeKMCAOoro rasa Ha rpaHuue c atmocpepomn, mosb-m—2-cyt—1;
KO — pactBopumoctb CO2, monb-m—3-atm—1;

ApCO2 — rpaauneHT mexxay pCO2 Boaon n atmochepon, atm;

k — ckopocmb 2a3onepeHoca, m-cym.—1, napameTpmn3oBaHHaA Kak GYHKLMA CKOPOCTM BETPa:

k =0.251-U?-(S5¢/660)7°>
U — ckopocmb sempa, m-c—1;

Sc —yucno Uimuoma;
0,251 — amnupuyecku BbiBeAeHHbIN NnapameTp, cm-4—1 -(m-c—1)—2 cooTBETCTBEHHO



6CO, + 6H O < 6H++6HC03‘
— CH _ O, + 60,




I'he Carbonate System
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Direct measurements of CO,

Infrared LI-7000 analyzer for determination of CO, in water,
equipped with an equilibrator between the sea sample and the
analyzer circuit




Monitoring of CO, in the sea water and atmosphere

KoHTponb KayecTBa
AAHHbIX +
cucTemaTuyeckas
KannbposKa npubopa no
NOBEPOYHOWN CMECH;
owmnbKa B npeaenax 1%;
[Onana3oH onpeaenermns 0
— 3000 mp,




CO, studies at R/V
«Professor Vodyanitsky»
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CO, flux at the sea surface

win 052 Spring - Summer. Despite

active consumption of CO,
due to photosynthesis, CO, is

released to the atmosphere.
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Fall. The sea and atmosphere are
in_ an equilibrium and there is NO
flux of CO, at the sea surface.
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Intra-annual variations in pCO, in the sea and atmosphere
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The influence of temperature and bioproductivity

Y= C'sing(x—B /6-1) + A
4 A=423.79171
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On CO, dynamics

* Dynamics of CO, in surface waters and direction of CO2 flux at the sea
surface depends primarily on the temperature, which governs the
solubility of CO, in water and coefficients of dissociation of carbonic
acid.

* Processes of photosynthesis are far less important for dynamics of
CO, in the surface waters, BUT they are important for biological
transport of CO, from surface to deeper layers of water.

* Warming will result in decreasing consumption of CO, from the
atmosphere, but it will result in further acidification and oxygen
deficit in deeper waters.



CO, fluxes at the Black Sea surface

Intra-annual variations in ApCO, (blue
solid line) and FCO, at the sea surface,

calculated with data on-sea observations

in 2015-2024 (red dotted line), and with

% on-sea observations on ApCO, and
CO2 B arwm. .

LESm(aBEm A NY ] average climate data on the wind and

B=-2.01

2006 temperature (black solid line).
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equalto  whenintegrated for th
entire area of the sea. Yet, this values should be actually
higher because strong winter winds are not correctly

accounted.




The CO, flux at the sea surface

* Gradient of pCO, governs the direction and influences the
value of the CO2 flux, BUT

* The fact that the flux of CO2 from the atmosphere to the
sea in the cold period of the year is higher by its vales the
flux of CO2 from the sea to the atmosphere in the warm
period is



Feo, A UzApCO2 BGC CO2z (170 Mt/year)

— CH _ O, + 60,




Temperature and the flux of CO,

Y®= C-sin((x-B)/6-1) + A 28
A =16.06

B=-1.03
. C=-9.19
* {R-squared = 0.89 24
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Sediment flux t_tions

Liayorna 1500 m

MapkepHsii Byt

h=50mM

HIJI'ITOHHEHHEIH HHE[BY‘IGCTB
h =50-60 M

CueTBepeHHas cegMMeHTaLMOHHas
nosywka MCI-110, H=140 M

CenunmeHTauuoHHasn nosyLuka Jlotoc-3

+MCN-110
H=170wM

CyeTBEpEHHASA CEAMMEHTALIMOHHAA
nosywka MCI1-110, H=500 m

CuyeTBepeHHas cefMMeHTaLMOHHas
nosywka MCI1-110, H=1000m

CeaunmeHTaunoHHas nosyLuka Jlotoc-3

+MCN-110
H=1400-1450 m

Pasmeixatens AIAP-MII

I'pvs-sxoDE - Oetornki 0ok 600-700 Kr.
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BHyTpUronosom xoa notoka CO2 Ha
nOBEPXHOCTU MOPA

Y = C-sin((X-B)/6'm) + A

A=-0.29

1B =-1.93

C=-348

2 =0.96
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