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Outline

v BFM coupled with 3D transport equations at different spatial
resolutions and different spatial scales: Global (Ocean) - regional
(Mediterranean basin) = sub-regional (Adriatic Sea)

v Temporal scales: weeks (operational forecast) - multi decadal
(climate simulations)

v Configurations allow to reconstruct the past and present
biogeochemical states (hindcast) and to perform scenario simulations
(e.g. IPCC scenarios)
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v BFM coupling with  PELAGOS
the GCM NEMO at (PELAgic biogeochemistry for Global Ocean Simulations)

() SouWiFS 19992001 ic) SeaWiFS 1998-2001

0.25° and 2°

v" Hindcast simulations
of the global ocean

biogeochemistry .
(Vichi et al. 2007a,b; S e
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Vichi and Masina, 2009)
v Biogeochemical T E—— .
CyC|eS in the Earth _ (IPELAGOS 18%8-2001

(d) PELAGOS 1998-2001

System under current
and future climate
conditions with the
CMCC Earth System
Model

(Vichi et al., 2011;

Patara et al., 2011; [ ——
Patara et al., 2012)
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“BFM in the Earth System Modelling

PELAGOS is the marine biogeochemistry
component of the CMCC-CESM Carbon
Earth System Model

that participated to the Climate Model
Intercomparison Project Phase 5
(Cagnazzo et al., 2013)
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High- resolutlon simulations W|th the BFM
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v Preliminary simulations with high-res ocean
model

v greatly enhances plankton in the equatorial,
subtropics and coastal regions

v’ whereas it is surpressed in the Southern Ocean
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"BFM-SI: Biogeochemical Flux Model in Sea Ice

Applications:
Baltic Sea (Tedesco et al. 2010); Arctic Sea (Tedesco et al. 2010, Tedesco et al., 2012)
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Offline approach:

v Horiz. Res. = 1/8°

v’ Vert. Res. = 43/72
levels

v Time Res. = 1800 s

hours

Online approach:
Runtime coupling with
OGCM (e.g. NEMO)
cmee i
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v 1 year simulated in 2

coupling with precomputed
physical fields from OGCM

&

Model description and forcings

CIRCULATION MODEL
~OGCM: NEMO (OPA 9) (Madec 2008
http:iwww.nemo-ocean.eu Oddo et al. 2009)
-Horizontal Resolution: 1/16 deg ~ 7 Km
-Vertical Resolution: Z-coordinates, 71 levels (partial steps)
-Free run: no relaxation to climatology, full freshwater flux
(major rivers), no heat flux correction
-Parallel simulations (on-line)

BIOGEOCHEMICAL FLUX MODEL

-BFM: Biological Flux Model (Vichi et al. a,b 2007)
-Carbon based multi-nutrient food web description
-Carbon, Nitrogen, Phosphorus and Silica cycles
-Potential for multiple nutrient co-limitation (Nitrogen,
Phosphorus and Silica)
+ phytoplancton

+ mesozooplancton

* microzooplancton

« bacteria

SET Up
-Physical model settings: ECMWF ERA40
atmospheric forcing functions

-Initial conditions for nutrients and oxygen:
annual OA climatologies from SEADATANET
project (hitp://www seadatanet.org) merged with
\World Ocean Atlas climatology in the Atlantic
box

-Initial conditions for biology: homogeneous

guesstimates with vertically-distributed analytical
profiles

-Nutrient River input: data from Sesame Project
(Ludwig et al. 2009)
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OGS products in MyOcean

and FORECASTING

Providing PRODUCTS and SERVICES for all' marine applications.

mY0cean
PRODUCTS AND SERV'CES : — » MARINE » MARINE » COASTAL & MARINE  » WEATHE

SAFETY RESOURCES ENVIRONMENT

MARINE MARINE COASTAL ‘MlﬁﬂE ] HE - RV|CES Home > Products and services > Products > Access to catalogue > MyOcean interactive catalogue
SAFETY RESOURCES - ENVIRONMENT L1250 Batalogue of services 2l
FORECAST; egister now!
» Products and services » Products and services » Products and services | i:0 - ask the service desk
Ty ucTs DATA ACCESS :

Access to catalogue
ews Flash!

Mediterranean Sea

B i (3 - - -
B o vemenss : Biogeochemistry Analysis
Services Commitments & licence ' News Flash! P : (2001 -201 0) 7]
®
3
MYOCEAN INTERACTIVE CATALOGUE | CHLOROPHYLL (mgChl/m3) 2011:3:28:12 Bone e #in - Ge berakd 15 g ByOcean Prodict
‘ y f -1 Aryare N TTs T - Pap—_—
Found matching your criterias < ,Jr‘ b Access D datatirong b yOcear Catakg e
EDUCATION Free 10 dhay Forecaststart eve ry Teescly

» Modelling
» Ocean parameters

PRESS/EDITION CORNER

»all corners

F-2011 Sy 102524 (UTC)

MEDSEA-FORECAST-BIO-006-002 MEDITERRAHEAHN SEA BIOGEOCHEMISTRY
s FORECAST

| 2067 e} oo 2010 2014

The OPATM-BEM implerented by the 0GS and Jar[Fen[marfzpfmasnfov avg seploc{no pec
running at CINECA provides 10 days of forecast
of the Mediterranean Sea biogeochemistry, and 3 Frl | Sat | Sa
in particular of the sea surface chlorophyll and - - - -
nutrients concentration. V1 version includes ! < 2 ‘ o o
phosphorous limitation and updated boundary 7 8 a 10 1" 12 13
conditions on rivers, climatological light [——e -
extinction factor, atmospheric branch. GOMTON LY A 08 4° ad ,:ma Wo1oas ,“- s

8o 14MAR2010  1B6MAR2010  23MAR2010  27MAR2010

Nominal product for
biogeochemistry forecast in
Med Sea + OGS web page +

case studies + CalVal
http://gnoo.bo.ingv.it/myocean/calval/bqgc/

CERWEOrer

;
o
9
8
3
a
o

16 17 13

19 1]

0.020.040.060.08 0.1 0.2 0.3 04 05 06 07 08 09 1 15 2 25 5



Y ol
BT e
| SN O

| I\ u¥5>; Whh
"N W "’(’" 3 bty

LIS R o
EMICALFLUKMODELS %@- AN

{BIOGEDCH

=
SESAME

Southern European Seas: Assessing and Modelling Ecosystem changes
I WS et e e
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Atmospheric Forcings <:| Socio-economics

INGV-SXG climate model" IPCC SRES A1b2

-~ J

Ocean Physics

NEMO OGCM?3) 4 N\
Terrestrial Inputs
Hydrological and nutrient load
ﬂ models* (BaU, PT, DB Sesame
scenarios)
: : - J
Biogeochemistry A;
BFMv4 (online) and

BFMv2-OPATM?9) (offline)

1) Gualdi et al. (2008); 2) Nakicenovic and Swart (2000); 3) Oddo et al (2009); 4)
Ludwig et al. (2010); 5) Lazzari et al. (2012)
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Southern European Seas: Assessing and Modelling Ecosystem changes
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v Increase of carbon rates
both production (GPP)
and community

respiration (RSP)

v Increase of dissolved
semi-labile carbon

v Reduction in biomass

RSP
] t BaU +4.4%

PT +4.8%
DB +3.0%

4 -
[ BIO l] DSL ]]
g
——————— BaU -4.6%,-12%  BaU +2.7%, +3.8%
GPP PT -43% PT  +4.4%
BaU +4.4%. +8.7% DB -5.6% DB +3.5%
PT  +4.7%
DB  +2.9%

MEDITERRANEAN BASIN

20C A1B-BaU A1B-PT  A1B-DB
GPP 0.66 0.044 0.047 0.029
RSP 0.65 0.044 0.048 0.030
NPP 0.36 0.032 0.036 0.015
NCP 0.01 -0.001 -0.033
DSL 0.96 0.038 0.044 0.035
BIO 4.12 -0.046 -0.043
WESTERN BASIN

20C A1B-BaU A1B-PT  A1B-DB
GPP 0.81 0.023 0.017 0.011
RSP 0.80 0.023 0.016 0.013
NPP 0.46 0.009 0.001 -0.006
NCP 0.01 0.019 -0.002
DSL 1.02 0.030 0.027 0.025
BIO 4.97 -0.070 -0.074 -0.076

EASTERN BASIN

20C A1B-BaU A1B-PT  A1B-DB
GPP 0.58 0.073 0.044
RSP 0.56 0.046
NPP 0.30
NCP 0.01
DSL 0.93 . .
BIO 3.63 -0.027 -0.018 -0.039

Medi
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Impact of OPATM-BFM parameters uncertainty on model results,
3D global sensitivity analysis on Mediterranean scale

GSENSMED TIER-0 project awarded by PRACE with > 20 M core
hours
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Carbonate system dynamics BFM

Alkalinity — present condition (mean of 2000-2004)

Alkalinity — present condltlon (mean of 2000 2004)
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OPATM-BFM

mmol/m2/d

W o 5°E 10°E I5°E 20°E 25°E 30°E 35°E

D’Ortenzio et al., 2009

i i i
-400 -300 -200 -100 -050 -025 000 025 050 075 100 150
Annual net CO, flux (mol m?)

10

CO2 flux at air-sea

interface
OPATM-BFM: sink of 1.6 x 1012
mole per year

Copin-Montegut, 1993: sink of
0.35-1.85 x 10"2 mole per year

D’Ortenzio et al., 2008: sink of
0.02 x 10'? mole per year
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Hybrid model approach BFM

POLICY SCENARIOB |

1

FUTURE CLIMATE |

physical pump

-J Veluation of changes In CO2

HYBRID MODEL APPROACH

microsconomic modsl

saquestration from micro
perspacitve

sequestration from macro

Valuation of changes in CO2 J
perspacitve

0

BIO flux CO2 at surface [mmo/m2/d] Y=2004

* Gibraltar

Morocco

target species
Hybrid model results

CO2 sequestration
. ;i value in EEZ

LN e ) _ (Mill Eurolyear)

2 Bosnia-and Herzegovina -<p

= Serbia and Montenegro = [0, 100]

= [100, 1000]
= [1000, 1500]
= > 1500

Slovenia

Turkey

A

Carbon Sequestration estimate-Sé(f
and Med Carbon sequestration value



Mattia et al., 2013

Anomaly of the mean winter (NDJF)
net surface heat flux over the Aegean sea
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Transport-weighted PO, in the first 500 m
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Model response to the
physical forcings

Linear temporal trends and over the period
1993-2000

Chla [mg Chla m2 d'1: Temporal trend 1993-2000
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Microzooplankton
(mg C m?/d)

Microzooplankton [mg C m2d7: Temporal trend 1993-2000
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BEM in the Adriatic

POM (Princeton Ocean Model) — BFM (Biogeochemical Flux Model)

f Dissolved Chem

ERERERE]
2 5

9| Alalinity

=== - | physiological and population processes of lower trophic levels (LTL)

3 main trophic groups:Primary producers, predators, decomposers
(standard organism)

functional group biomass defined by internal constituents (C, N, P, Si)

SLOVENIA
TE

Horizontal resolution: 2 kms, 27 sigma vert. levels.
Nesting with Mediterranean OGCM \\ =

Tatitude N

Ecosystem response to climate scale drivers.

Ecosystem response to direct anthropogenic |~ * - -,
drivers. |




Phytoplankton laboratory cultures exposed to organic pollutants (herbicide).

Development and test of appropriate model parameterisation.
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Hindcast: Validation against SeaWifs surface pigments (1998-2010) for the

Adriatic Sea
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Marine Ecosystem Evolution in a Changing Environment
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Validation by means of
objective statistical indicators
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Marine Ecosystem Evolution in a Changing Environment

Time Slices Considered: (1980-2010), (2025-2030), (2080-2100)

" — LTL runs:

— Observations

— Simulation

30

30 years hindcast
20 years end 21st
Century scenario.

SST | » , 6‘ A( V
‘ ‘ | | ‘ | | Scenarios for:

1980 1990 2000 2010 2025 2030 2080 2090 2100 La n d based n utri e nt
_|Observ;tions | I n p uts .

— Simulation

- ]
wsdM UL AU scomrio| v Herbicide
—~=~PT scenario
DB scenario
osl l .....
150
Surf. [LUTTEHAR A ) s
; 117
0.2k N £
>
5 | | | | I | | | j
1980 1990 2000 2010 2025 2030 2080 2090 21




BIOGEOCHEMICALFLUKMODEL

Thank you for the
attention!
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