()**7 70:;2 %7 8é
- 78& 7- < 7 5] 72
0 70 0o 7 0= 78 é 8 %7
! " # $%& ' ()**+ 2

. ! 'S ( +
- & && % DR
f 1& & % %' 0 +
11 & 'l +
1 3 2 & ‘45 +
33 s 2+
3 6 # ‘4 7 #8+
6 9%

atmosphere
? &% %
Co,
energy
water
8 0% ,3 /",>
ocean
2@A) 82 2@A) 82
y /;;
/

r” *NEMO General Circulation mod
« 0.5-1.8x2° resolution

|+ 31 vertical levels

| calculated vertical mixing
+ NCEP daily forcing

o

/

PlankTOM10

/ *NEMO General Circulation mode|
[ +0.5-1.8x2° resolution

« 31 vertical levels

« calculated vertical mixing

* NCEP daily forcing

" # $%& "H$ +
Ui & 7

PlankTOM10
7
& %7
& +




a few days

I

a few +1 days

<

SeaWiFS

PlankTOM10

surface chla (mgChl/m3)

R )

BRCRRRRiRTRRR SeRRE

A R &
= +

T T T T T
380, 1
360, 1
& @ 340, 1
0 220, ]

1 1 1 1 1

1960 1970 1880 1880 2000
v% . B

120°E 180° 120°wW 60°W 0°E 60°E

Cmeasured‘_’ Cmodeled: Af +Co

* TM3 atmospheric transport model

Le Quéré, Rédenbeck, Buitenhuis et al. 2007




T T T T T
inversions

based on

02 |- .
atmospheric

| CO, alone

observations

@ . @A E@ '$ 9%+ E
‘% 2 é
EP E
‘ ‘ ‘ ‘ & b [Eelanannannnflonnnnnanal fiannna Mlanannces
1970 1980 1990 2000 1990 1995 2000 2005
Time (y) $ %+
Le Quéré, Rodenbeck, Buitenhuis et al. 2007
Rédenbeck et al. 2008
$ D
&
F "% % G
F & D , & S
%G
1 & & ! +G
3 % G
6 8 @ @ G

NUMERICAL MODELLING OF BIOGEOCHEMICAL CYCLES

Parv Suntharalingam
ENV

RESEARCH INTERESTS
The Marine Nitrous Oxide Cycle
Biogeochemical Feedbacks on Climate
Constraints from other Chemical Species on Atmospheric CO,

Inverse Modelling Estimates of Tracer Fluxes

Models, Oct. 2008

NUMERICAL MODELLING OF BIOGEOCHEMICAL CYCLES

Process-based
representation of sources,
sinks, cycling

CHEMICAL TRANSPOR]
MODEL

Model Concentrations

| Analysis in conjunction
IMPROVED with observations
KNOWLEDGE OF | equm— %
UNDERLYING Lp
PROCESSES
&




INVERSE ESTIMATION OF FLUXES

Forward Model

e.g., Process based, emissions | ————> —_—
inventories

Prior Fluxes (x ;) Modelled Concentrations

Y,
INVERSE MODEL "
Minimise Model-Observatign
concentration mismatch Yo

Optimal Flux | =) Observed Concentrations

Estimates (x ;)

Inverse estimation provides a formal mathematical s tructure to derive the
OPTIMAL flux estimates x,, for the given observations y,

The Marine Nitrous Oxide Cycle
N,O IN THE SURFACE OCEAN

High concentrations in eastern boundary upwelling reg ions

Eastern

Equatorial Pacific

Based on measurements by Weiss et l. 1095

P Suntharalingar@cean Biogeochemical Models, Oct. 2008

Current Understanding of the Marine N ,0O Cycle

Coastal,) 7 T7g N yr
Rivers,

Estuaries

Open Oceah8 Tg N y

ATMOSPHERE

OXYGENATED
OCEAN

@

SUB-OXIC
OCEAN

B i Models, Oct. 2008

PREVIOUS OCEAN MODEL ANALYSIS OF THE MARINE N ,O0 CYCLE

[ @% G |

‘ Global model of OceanicN ,0 Ambient Oxygen Level

‘ Marine N ,0 Cycle is Sensitive to ‘

Sub-oxic zontis

Bulk of NO
Ocean model: GFDL-MOM in Oceans

Codispoti et al. 1992

Open ocean : N ,0 production from
nitrification during organic matter
remineralization

Significant N ,0 source from sub-oxic zones

(Suntharalingam et al. 2000)

(Suntharalingam and Sarmiento, 2000)

P.suntharalmgarﬂ)cean Biogeochemlcal Models, Oct. 2008

CURRENT AND PLANNED WORK ON N ,0
What are the impacts of global change on oceanic N ,O fluxes?

1. Climate Change

CLIMATE CHANGE
Changes in : Temperature, Moisture,

Meteorology and Ocean circulation

B i Models, Oct. 2008

CURRENT AND PLANNED WORK ON N ,0
What are the impacts of global change on oceanic N ,O fluxes?

1. Climate Change

2. Anthropogenic forcings

CLIMATE CHANGE
Changes in : Temperature, Moisture,

Meteorology and Ocean circulation

ANTHROPOGENIC NITROGEN DEPOS|TION
Fertiliser, Fossil fuels

NITROGEN RUNOHF
Fertiliser

B ical Models, Oct. 2008




ONGOING AND PLANNED PROJECTS ON N ,0

1. Interactions between the Marine N ,0 Cycle and Climate
(QUEST-FEEDBACKS project, with Tim Lenton et al., using the GENIE Earth
System Model )

2. Impact of Anthropogenic N Deposition on Marine N ,0O : (pending
NERC proposal, with C. Le Quere, E. Butenhius, G. Forster, using PlankTOM5-
NEMO model)

3. Improved Understanding of the Marine Nitrous Oxid e Cycle :
Advertised UEA studentship (with J. Kaiser)

ALSO INTERESTED IN COLLABORATIONS ON :

« N,O in the coastal ocean

« Impacts of anthropogenic nutrient deposition on marine productivity and
related greenhouse gas fluxes

« Marine and terrestrial nitrogen cycle

« Top-down constraints on atmospheric carbon fluxes

« Global budget of carbonyl sulphide

P.Suntharalingarficean Biogeochemical Models, Oct. 2008




