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INTEGRATION OF BIOGEOCHEMISTRY 
AND MARINE ECOSYSTEM MODEL IN 
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North-Atlantic experience Extension to global ocean

Evaluating the global simulations
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NO3: nitrate; Si: silice; Fe: iron; Annual-means in � mol/LDIC: dissolved inorganic carbon; ALK: alkalinity; O2: oxygen; Annual-means in � mol/L
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� ORCA025-BIO1: better representation of the tracers 
distribution in latitude, longitude and as a function of depth &
better signature of the deep convection in the North Atlantic & 
Equator regions too much rich in nutrients (DIC, NO3, Si) but 
few oxygenated as in data.
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� ORCA025-BIO1: better representation of the North Atlantic 
(position of the Gulf Stream) & CHL-rich Equator regions too 
much larger � thinner oligotrophic subtropical regions

Near real time implementation First results in near real time

North Atlantic bloom propagation for the year 1998 from 
winter to summer: simulations using MERCATOR MERA-
11 reanalysis by LOBSTER (left column) and PISCES 
(right column) compared to SEAWIFS observations (middle 
column) (Chlorophyll in mg Chl.m-3).

Comparison of the global simulations of Surface Chl using ORCA025-
BIO1 (LEFT) with SEAWIFS measurements (RIGHT) for June (TOP) 
and November (BOTTOM)
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The integration of the biogeochemical model PISCES into ORCA025-BIO4 (global version at ¼:æ) has been 
achieved, but this model requires very substantive computing resources, even in off-line mode. To bypass 
this difficulty, a degradation approach (Aumont et al. 1988) has been developed to transport biogeochemical 
tracers at a reduced resolution of 1:æ(ORCA025-BIO1 version). 
1. the dynamics of the mixed layer have been found 
particularly critical during degradation, and optimization of 
averaging procedure both in space and time are still under 
investigation. 

2. to run a global simulation, an initialization strategy has 
been developed and implemented for nutrients (PO4, NO3, 
NH4, Si, Fe), carbon contents (inorganic and organic), 
phytoplankton and zooplankton. 

3. a full spin-up year simulation (ORCA025-BIO1) with 
degradation has been successfully done for 2001. Despite 
the fact that the model is still in its spin-off phase, these 
simulations do not show evident problems and global fields 
looks reasonable, even if the analysis of a longer period 
(2001-2006) is necessary.

This work is a part of Green-Mercator project . The aim is to 
implement a marine biogeochemical and ecosystem component 
at global scale into the MERCATOR operational system, using 
first PSY3 analysis at 1/4:æthen PSY4 at 1/12:æ.  Previous 
works had conducted successfully the integration into the North-
Atlantic domain of a multi-nutrient (LOBSTER, N2PZD type) and 
multi-nutrient and multi-plankton biogeochemical model (PISCES, 
N5P2Z2D2 type) into MERCATOR system at 1/3:æ(Monfray et 
al. 2004; 2006). This allowed the use of MERCATOR operational 
analyses to drive near real time forecast of marine primary 
production. 
The choice of the PISCES (Aumont et al. 2004) model has been 
made to benefit on recent progress made towards a global 
representation of Fe sources/sinks, a key nutrient for marine 
primary production. In comparison to LOBSTER, in which 
phytoplankton growth is only limited by nitrate, PISCES makes 
use of a quadruple nutrients co-limitation based on available 
silica, phosphate, nitrate and iron. This capacity opens the 
opportunity to use the same model on different provinces where 
distinct nutrient regimes occur.
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PSY3V2 Hindcast Nowcast
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Operational System PSY3V2-BIO1 demonstrators. I) correspond to a near real time prototype, II) is a 
real time one. The first use only the hindcast analysis (best estimate), wile the second use forecast, 
nowcast and hindcast. 

This figure illustrates how differential patterns of the 
various co-limiting nutrients (as nitrates, silicate or 
iron) structure diatoms compared to bulk 
nanoplanktons found more preferentially in tropics or 
far from the continent.

It is the first time that a global off-line simulations at 
¼:æ with NEMO-PISCES have been achieved. The 
closest existing global simulations are those 
performed by O. Aumont with NEMO on-line at ½:æ
resolution on the ERA-40 period (which ends in 
2001). These simulations have been widely validated 
and will be used as reference to evaluate the new 
ones from MERCATOR biogeochemical models: 
ORCA025-BIO1 (without assimilation) and PSY3V2-
BIO1 in a near and real time. Finally, some sensitivity 
studies, with or without assimilation of physical 
variables, and with or without iron, will be conducted.
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