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Recap: Changes in Seawater Chemistry due to Uptake of Anthropogenic CO,

CO, Time Series in the North Pacific
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_Recap: Is the ocean’s CO, sequestration potential different?

Concentration [pmol kg]

18 T

16 1

CO, system
freshwater

14 1
12 ¢

10 +

@280 patm
E 360 patm

ApCO, =120 patm
ADIC = 5.1 ymol/kg
ApH =-0.08

i

Ir=20°C,S=0
A= 0 ymol/kg
pH = 5.67

HCO3- CO32-

CO2*

Concentration [umol kg]

2000
1800 |
1600 f
1400 {
1200 f
1000 {
800
600 f
400 {

200 1

CO, system
seawater

@280 uatm
m 360 patm

I=20°C, S=35
A1 = 2300 pmol/kg
pH =8.17

ApCO, = 120 patm
ADIC = 73.5 ymol/kg
ApH =-0.13

HCO3- C0O32- CcO2*




Recap: The Alkalinity Concept
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Weathering l Biogenic

Calcification

CaCO,

Alkalinity A;

Defined as the excess of pronton
acceptors over proton donors

Carbonate Alkalinity:
Ar ~ [HCOS] + 2[CO37] + [OH™] —

Buffer reaction controls the CO,-
uptake capacity of seawater

Limestone weathering CaC0; + H,CO3 —» Ca** H 2HCO3

)
Silicate weathering  CaSiO; + 2H,C03; - Ca** +| 2HCO3 |+ H,SiO0,

e/
. CO, in the Atmosphere
2. CO, combines with '

Rain to form Carbonic Acid

3. Carbonic Acid
reacts with Rocks
1. Release of CO,

into the Atmosphere
by Volcanism

5. Carbon is used
~#"\_ o form Animal Shells

6. When Animals die, their

Shells form Limestonw\
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Recap: Biogeochemical processes in the parameter space of the marine CO, system
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Physical Carbon Pump (aka: Solubility Pump)

* Decrease in SST favors O, solubility and increases density
 Downwelling in the North Atlantic (e.g. Labrador Sea) ventilates ocean interior

Tropical Pacific/Indic North Atlantic

Atmosphere

Physical Pump




Organic Carbon Pump (aka: Soft Tissue Pump)

Production
€O, + H,0 - > 0, + CH,0
Mineralisation
Tropical Pacific/Indic North Atlantic
Atmosphere ... 02
E 02 ;.E g:s

Primary Production

CO, =2 Corg + 0,

Particle Export

Remineralization
O2 + Cﬁrg - CcO,

Organic C-Pump




Inorganic Carbon Pump (aka: Hard Tissue Pump)

Tropical Pacific/Indic North Atlantic

Atmosphere

Biocalcification

Ca?* + 2 HCO;" = CaCO, +CO, + H,0

e e e e mmm e e — — — o o o B o o o B B o o o o o o B o B . S . o o o o o o s

Particle Export

Inorganic C-Pump

CaCO; + CO, + H,0 > Ca2* + 2 HCO;-







Globale Veranderungen des marinen CO,-Systems: Beispiel Nordatlantik?
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Alkalinitat Ar

Uberschuss an Protonenakzeptoren 1985 1990 1995 2000 2005 2010

~ - 2— -1 _ +
Ar = [HCO3] +2[CO57] + [OH7] — [H ] Voraussetzung fir strikte Korrelation zwischen pCO, und pH:

Je hoher A,, desto: Gleichbleibende Alkalinitat!

» geringer |ApH/ApCO, |

> geringer | AQ/ApCO, | Gibt es auf Zeitskalen der Ozeanversauerung

A-Anderungen in der Ostsee?

1Bates et al. (2012) — Zeitreihe ,BATS 10



Besonderheiten der Ostsee: Hydrographie und CO,-System
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konservatives Mischungsverhalten
Flusseintrage bestimmen A;-S-Beziehung
Wasserresidenzzeit

Ostsee ca. 30 Jahre?
Ozean ca. 10% Jahre?

'Helcom (1993); 2Sarmiento und Gruber (2006); 3Hjalmarsson et al. (2008); *SHARK data base (2015); °M. Pertilla (pers. comm.)
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Exkurs: Geology of the Baltic Sea drainage basin
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North: Granite _EI:“'*\

M

South: Limestone

[ Neogen Clay 1.8-24 mya

[ Paleogen Sandstone, imestone 24-65 mya
Upper Cretaceous Sandstone, limestone 65-148 mya
Lower Cretaceous, Jurassic, Triassic  Sandstone, basalt, shale, clay, claystone 146-248 mya
B Permian, Carboniferous, Devonian Diabase, coal, sandsione 248-408 mya
M Silurian, Ordovician, Cambrian Shale, claystone, conglomerate, limestone 408-640 mya
O lgneous and Metamorphic Granite, gneiss before 640 mya
H Orogeneticaly complex Gneiss, granite various periods

Hakanson et al. (2003)



Besonderheiten der Ostsee: Hydrographie und CO,-System
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e Salinitat und Alkalinitat zeigen
konservatives Mischungsverhalten
* Flusseintrage bestimmen A;-S-Beziehung
* Wasserresidenzzeit
* Ostsee ca. 30 Jahre?
e Ozean ca. 10* Jahre?

Kompilierter Alkalinitdts-Datensatz3-
e Zeitraum: 1906 - 2015

* 31436 Messungen

* Oberflachenwasser <20 m

'Helcom (1993); 2Sarmiento und Gruber (2006); 3Hjalmarsson et al. (2008); *SHARK data base (2015); °M. Pertilla (pers. comm.) 13



Alkalinitatstrends in der zentralen Ostsee

Einfihrung von Referenzmaterialien!

1995 - 2014
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Relative Anderung: +5%
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pH Variabilitat: Vergleich Ostsee (BY15) und Nordatlantik (BATS)
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pH-Zeitserie Ostsee?
*  Messung mit Glaselektrode

* Monatliche Ausfahrten
* Proben nur an Monitoring-Stationen

» Kein pH-Trend identifizierbar

1995 2000

Fazit Ostsee

2005 2010

e Alkalinitatsanstieg pufferte Ozeanversauerung, Prognose unmoglich
e Starke pH-Schwankungen Uberlagern moglichen Langzeit-Trend
e Bisher keine adaquate pH-Messtechnik

» Zeitlich und raumlich hochaufgeloste, genaue pH-Messungen erforderlich

1Bates et al. (2012); 2SMHI Monitoring Daten
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Biogeochemical transformations in the Baltic Sea: Observations through carbon dioxide glasses
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¢ Transformations
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Observations Through Carbon Dioxide
Glasses
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Tracking biogeochemical transformations — Why CO, ?

Nutrients
e Small amounts
* Deviations from Redfield

Carbon dioxide
e Retarded equilibration

* Inevitably involved in Mineralization
production/mineralization

(CH30)106(NHy)16H PO, +{138 05}

Organic matter production

100

‘l — Gulf of Bothnia
s — Gulf of Finland Oxygen
3 “ — Central Baltic H -
: : ot of e * Alternative e-acceptors
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Tracking biogeochemical transformations - What to detect?
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Baltic Sea: Estuarine circulation

* Salty and dense water from the
North Sea fills the deep basins of

the Baltic Sea

e Asurplus of less saline surface
water from river discharge flows

out of the Baltic Sea
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Majory Baltic Inflow (MBI) events
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Increasasing hypoxic and anoxic areas (dead zones)

Carstensen et al. (2014)
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Tracking biogeochemical transformations - What to detect?
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Observation of the Baltic Sea CO,-system since 2003
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Monitoring BY15

* Discrete C; measurements
e 100-233min steps of 25m

e Total: 58 profiles
* Mineralization studies

| ey i

. Finollpes __sie. =

VOS Finnmaid

* Automated pCO, measurements

Up to 5 transects / week

Ma

Total: 1600 transects
inly eastern route (E)
Production studies
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Surface water pCO, patterns
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Walk through the seasons: bimodal pCO, pattern

pCO; (uatm)

The seasonality of pCO,, 2003 — 2014.
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The fine structure of the CO, partial pressure (pCO,)

and total CO, (C;) seasonality in the northern
Gotland Sea (2009)
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Spring bloom net community production, integrated over depth, iNCP [mmol-C/m?]

? Not available for mid-summer bloom!

iINCP = (AC, - 7., + F, - At)-0.8

iNCP (mmol - C m2)

NCP (umol - C dm ™)

Fs — CO, exchange with the atmosphere;
Z i — effective penetration depth;

At considered time intervall;

All sub-transects:
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BloomSail

Chasing Cyanobacteria Blooms
in the Baltic Sea with SV Tina V

Vessel: 27 foot sailing vessel Tina V
Time: June — Aug 2018
Crew: Jens D. Miiller + 6 x 2 sailors

Sensor-package for
surface transects and profiles:
pCO2, pH, 02, Chla, CTD

Discrete Sampling: Nutrients, POM,
Phytoplankton
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01.07.2018, MODIS/Aqua
NASA/GSFC, Rapid Response






18.07.2018, MODIS/ Aqua
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Vertical CO, distribution during Cyanobacteria bloom
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Thanks for your interest & ' |
see you at sea! S
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