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Marine Biogeochemistry and Ecosystem processes
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~ Ecosystem processes.
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" Why Nitrogen (Nitrate) as convenient master
_ variable?

\.

r

L-> E?E.C.D'\A}?e- Q& mwu.a QmM&ﬂﬁl gkﬂld\fhm{'ﬁ':f_ 'Tih"hb!,

F_._Nlto;? o |DB$IB:“ISE:i2

L) Recewia of e evldene Bk ey, cveny o
wilesovukrend 0wt daa ‘h,o‘muﬁty\o@ v ieogo mag_ﬂﬁ'gw

ks
%Emeq-h\\/a duwne ‘o ?‘ma-’\Q..U,hf\ve. Ly p Pl
prieq of
N &zole ‘Um*\\/\o_q VA IS Pb@gf'\/‘olf K

(06Co, + 1hUND 5 % HafO4 + 3F WO =2 ) MO Prio,




Nutrient cycle:
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Nutrient limitation
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Nitrate vs. Phosphate comparisons in the world
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Nitrogen fixation (Nitrogen to bio-available
hitrogen)
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A Natural process, either biological or abiotic, by
which nitrogen (N,) in the atmosphere is converted
info ammonia (NH,).

Microorganisms that fix nitrogen (Diazotrophs)
Cyanobacteria
Azotobacteraceae

Rhizobia
Frankia

Organisms are able to directly modify the total
amount of nitrogen accessible to them for synthesis
of organic mater by nitrogen fixation.
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Phosphate as a limiter.
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Iron as a limiter.
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Nitrogen cycling.
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Nitrogen cycling.
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Nitrogen cycling.
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~ Eutrophic and Oligotrophic zones
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Allocation of Primary Production to

_different phytoplankton functional group.
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Modeling photosynthesis.
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~ Nitrogen uptake vs. Nitrate conc.
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Sinking particle flux and bacterial source sink.
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' N-P Ecosystem models
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N-P-Z Ecosystem models
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Ecosystem models
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Nemuro model
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Nemuro model
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Topaz- 19 component BGC.

Tracers Of Phytoplankton with Allometric Zooplankton (TOPAZ

simulates the mechanisms that control the ocean carbon cycle
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Marine Organic/Inorganic Carbon Cycle
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Phytoplankton

(a) Diatom
* (b) Coccolithophorid

Zoo-plankton

(a) Foraminifer
(b) Radiolarian
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Atmospheric CO2 from 1700 to 2010
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But ~50% of man-made CO2 is absorbed by oceans and land.
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50 % 20 %

ceans sink ~30% of
anthropogenic CO2

Terrestrial ecosystem
absorbs ~ 20% of
anthropogenic CO2.
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Carbon pumps in the ocean
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r Exchange of CO2 with atmosphere.
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rSolubili’ry pump: Carbonate Chemistry
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rSolubili’ry pump: Carbonate Chemistry
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'Solubility pump: Carbonate Chemistry
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'Solubility pump: Carbonate Chemistry
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~ Simplified carbonate chemistry.
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~ Simplified carbonate chemistry.
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TaBLE &.2.2
Equations used to calculate seawater equilibrium constants
T: Temperatures in (K], S: Salinity on the practical salinity scale.

\Lguation Source Yy
4 Solubility 0-_1‘ CU;_ [mal E ai.m‘*} . N
In Ko = 60, 24u9+ 93 451?( ) +23.35851n (mn) [Weiss, 1974)
+ 5/ 0.023517 — 0 023655( T ) + 0.0047036 (l) ’ (20}
g - 100 : 100
Dissociation constants of COy! (mol kg™1):
_log K; = —62.008 + w +9.79441n(T) 5 [Mehrbach et al, 1973] as
—0.0118 5 + 0.000116 5* ﬁ?ur:f [?;ED?;{ A
—log K = +4.777 + 147 001845 +0.000118 52 (22) [Mehrbach et al., 1973] as
T ]
refitted by Dickson and
Millero [1987]
Dissocigtion constants of other species’ (mol kg™!) for K, and [{molkg™)?] for Ky
_In Ky = 148.96502 + “IS4728 55 cen In(T) [Millero, 1995]
. @3)
+ s1 (-5.9?? + ”2:6? + 1.0495 In{T'}) ~0.01615 8
-InkK, = %{—3966.9 — 2890.53 5™ — 77,942 5+ 1.728 5% — 0.0996 5%) [ Dickson, 1990
% 148.0248 + 137.1942 5% + 1.62142 § + 0.053105 $%° T (24)
+In(T) (—24.4344 — 25.085 §*° —0.2474 5)
i
Total boron equation {umol kg™!):
 TB=1.185-§ (25) [Uppsrrﬁm, 1974)
T All dissociation constants are given with respect to the seawater pH scale [Dickson, 1993).
____©® Sarmiento and Gruber, 2007 )




pCO?2 as a function of Ko, K; and K, as a function
Temperature and Salinity of temperature.
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Temperature (°C) FicuRre 8.3.2: Plot of the CO; solubility (Kp), and of the first and

o second dissociation constants of carbonic acid (K; and K3) as a
FIGURE 8.3.1: Plot of the partial pressure of CO; (pCQ;) as a function  f;nction of temperatire.

of temperature and salinity for constant DIC and Alk. Shown are the
results for a typical surface water sample with an alkalinity of
2322 ymol kg~! and a DIC content of 2012 pmolkg™".

.

Ko, K; and K5 is a function of Temperature. w
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" Seasonal dependency of pCO20on T, S.
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" Effect of rainfall on surface ocean
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_carbonate chemistry.
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Normalized DIC and Alk.
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Surface ocean pCO2.

Units: ppm
(top) model
(bottom) ship-survey
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Seasonal pCO?2
amplitude
(uatm).

Temperature
effect of
surface ocean
pCO2.
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Biological effect on pCO2
= Seasonal nCO? - Temperature effect J
é N
| 1 | I 1 I l l I l I I I |
"Bicdogical® component [patbm)
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Air-sea fluxes of CO2.
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Seasonal cycle of air-sea CO2 flux.
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Air-sea fluxes of CO2.
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~ Carbon pools in the ocean.
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Biological Pump: Effects on Carbon cycle.
Soft tissue pump
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" Biological Pump: Effects on Carbon cycle.
_Carbonate pump
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" Influence of Biological pumps on carbon cycle.
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Indian Ocean = observation and scenario
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www.incois.gov.in/Incois/siber/siber.jsp

aguorgfjournal:  [Y Secrets of a Millionair  [3 Empire {3 123Moviesto [7] Japan Research Cares

SIBER

nﬁ- Sustained Indian Ocean Biogeochemistry and Ecosystem Research
i“--.?‘

INCOIS HOME SIBER MEETINGS DATA PORTALS PRODUCTS MEMBERS SCIENCE CONTACT US

SIBER

IMBER Open Science
Conference from 23-27 June

SIBER is an emerging international program co-sponsored
by IMBER (Integrated Marine Bicgeochemistry and
Ecosystem Research) and 10GOOS (Indian Ocean Global
Ocean Observing System) that is focused on the Indian
Ocean. The overarching goal of the SIBER program is o
motivate and coordinate international interest in Indian Ocean
research in order to improve our understanding of the role of
the Indian Ocean in global biogecchemical cycles and the
interaction between these cycles and marine ecosystem
dynamics. This understanding will be required in order to
predict the impacts of climate change, eutrophication and
harvestmg on the gIDbal oceans and the Earth System and it

. AT A FR IR S I AT P e TR SIEV ey SRR

2014 at Bergen, Norway

Read more...
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Indian Ocean = observation and scenario
( )
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undersianding the seas
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Biodiversity data

Climatologies

Real-time Data
These data sheets were submitted to NATIONAL BI/ Time-series Data
DEVELOPMENT BOARD, TropFlux Data
Do.=:pt. Pf Biotechnology, Government of India, New !l . . ed
scientist -
(Dr. Vijayalakshmi R Nair and Dr. Rosamma Stephe| Blm;memj’“m tre,
National Institute of Oceanography, Kochi BiASDfaEcs
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General Morphology and Ecology of Ostracods




" Indian Ocean - observations of pCO2
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" Indian Ocean - observations of pCO2
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Practical Sessions
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>
0 Component form of pCO2 variability in ocean >
Practical session

dpC 0, [ﬂpCOg dDIC ﬂpCOng]

dt | aDIC dr aT  dt
apC 0, dALK) (opC 0, ds]

dJALK dt T aS dt

O Air-sea CO2 fluxes of Indian Ocean; seasonal cycle,
interannual variability.




