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CONTEXT

Large gap between 

observations and 

models ! 

Can a biogeochemical 

model be optimised to 

represent seasonal 

variations in pCO2 ?
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Biogeochemical models still have many weaknesses

Biogeochemical processes are described by empirical relationships: 
a mathematical formulation involving one or more parameters :

• The values of biogeochemical parameters primarily are mainly 
derived from laboratory experiments and are therefore rarely 

based on in situ observations (Fennel et al.2019 ). 

• A single set of parameters may not be representative of the many 
biogeochemical diversities found in the global ocean (Schartau et 

al.2017 ).

CONTEXT
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The aim is to explore the parameter space of the NEMO-PISCES model to find 
out whether it is able to reproduces the seasonal cycle observed by the floats. 

Materials : Particle filter
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We perturb the reference value (REF) of all parameters 
except those related to the Redfield ratio. The 
perturbation range is [REF*0.01,REF*1.99].

All parameters of a biogeochemical model affect the 
behavior of the model, largely due to complex non-linear 
interactions between parameters
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The aim is to explore the parameter space of the NEMO-PISCES model to find 
out whether it is able to reproduces the seasonal cycle observed by the floats. 

Materials : Particle filter
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We perturb the reference value (REF) of all parameters 
except those related to the Redfield ratio. The 
perturbation range is [REF*0.01,REF*1.99].

All parameters of a biogeochemical model affect the 
behavior of the model, largely due to complex non-linear 
interactions between parameters

Particle Filter suitable for non-

linear systems (Mattern et al. 2013) 

Can we inform all 

parameters ?
Have these parameters been 

independently informed?? 

Can we reduce 

uncertainties in 

parameter values? 

Simplified representation of the sampled

space of a parameter for multiple 

iterations
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Materials : Observations

Variables Source 20 Metrics

Chla* O Chlprod. Layer | HDCM | ChlDCM

POC* O POCprod. Layer | POCmeso

O2* O
O2 prod. Layer | O2 meso | O2 min | HO2 

min

NO3* O/NN NO3 Prod. Layer | NO3 meso | Hnitracline

SiO3
2-* NN SiO3

2-
prod. Layer | SiO3

2-
meso

DIC* NN DICprod. Layer | DICmeso

PO4* NN PO4 prod. Layer | PO4 meso

Alk* NN Alkprod. Layer | Alkmeso

pH NN pHprod. Layer | pHmeso

pCO2 NN pCO2 surface

Bittig et al., 2018, Mignot et al., 2023

(O) : Observed (NN) : Neural Network

*Assimilated variables
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Float trajectory
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Our best member simulates an increase in photosynthesis and 

primary production : 

• Increased concentrations of : POC, Chla, O2

• Decreased in concentrations of : DIC, PO4, NO3, SiO3
2-

Float trajectory

Results : Optimisation of 
biogeochemical model - 1D 
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biogeochemical model - 1D 

1 − (
𝐻(𝑃𝑓𝑖𝑛𝑎𝑙)

𝐻(𝑃𝑖𝑛𝑖𝑡𝑖𝑎𝑙)
)

Uncertainty 

has been 

reduced on all 

parameters

All 

parameters 

have received 

information 

H : Entropy of the PDF

Pinitial : Initial PDF

Pfinal : Final PDF

𝐻𝐷𝐼68%(𝑃𝑓𝑖𝑛𝑎𝑙)

𝑅𝑎𝑛𝑔𝑒(𝑃𝑖𝑛𝑖𝑡𝑖𝑎𝑙)

HDI : Width of the 68% 

Highest Density Interval

Rangeinitial : Initial PDF

All parameters were 

independently informed
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𝑐𝑜𝑟𝑟(𝑃𝑖 , 𝑃𝑗)

corr : Correlation

Pi : Parameter i
Pj : Parameter j

Uncertainty interval decrease [Unitless]
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biogeochemical model - 1D 

Metrics

Percentage improvement 

(Best 

member/Reference) (%)

Percentage 

improvement 

(ensemble 

average/reference) (%)

The average of the 

metrics in the 

productive layer.

-49.42 -52.15

Average of all 

assimilated metrics 
-20.23 -21.1

• At the end of the 1D optimisation process, we 

selected the 10 ensemble members with the 

lowest RMSE values.

• We have used these ten separate parameter 

sets to generate a set of ten 3D NEMO-

PISCES simulations in the IBI region, 

covering three years from 2021 to 2023.

BGC-Argo
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IBI domain
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biogeochemical model - 3D 

Satellite

Colour of the ocean

(L4 monthly product)
Reference model

Mean normalised bias in the open ocean

Reference parameter set Ensemble average

0.639 -0.001

Model

Ensemble mean
Normalized bias

Reference namelist
Normalized bias

Ensemble mean
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Optimised simulations improve representativeness in 

other bioregions.

The addition of 3D physical processes does not 

significantly degrade the results.
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biogeochemical model - 3D 

Climatology from WOA2018

Nitrate

SilicateOxygen Phosphate

Average vertical profiles for 2019-2021 at 15°W, 55°N

Reference simulationEnsemble mean
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biogeochemical model - 3D 

CMEMS product  - Chau T.T.T. et 

al., 2022

2021-2023 

Optimised simulation 

Our ensemble produces the correct 

phenology of pCO2 and provides an 

estimate of the uncertainty. 
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Perspective and conclusion

To summarize : 

• Development of an ensemble method for parameter optimization of biogeochemical
model. 

• The optimized 1D simulation achieves a 35% improvement in representing the observerd
seasonal cycle compared to the reference simulation.

• The implementation of optimized parameters in the NEMO-PISCES 3D model leads to 
better regional results compared to the NEMO-PISCES 3D simulation using reference
values. It can also correctly simulate seasonal variations in pCO2 and estimate uncertainties.

Perspective : 

• Use other sets of observations to optimise the continental shelf too. 

• We will apply this method to multiple BGC-Argo observations in different bio-regions to 
produce an optimised global biogeochemical model.
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Interested in postdoctoral opportunities
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biogeochemical model - 3D 

MAE = 
1

𝑛
σ 𝑥 − 𝑦

Worst member Ensemble mean Best member

Percentage difference between the Mean Absolute Error (MAE) 

of ensemble members and the reference simulation

The red color indicates that the member 

performs worse in predicting Chlorophyll 

compared to the reference simulation

The blue color indicates that the member 

performs better in predicting Chlorophyll 

compared to the reference simulation

Coastal mask

Faulty 

boundary 

conditions

M
A

E
 [

%
]
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biogeochemical model - 3D 

The percentage of 
observational error (use 

by the particle filter)

STD of members around 
the average of members

14 % 11 %

Validation against independent BGC-Argo float
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The average of the members 

recovers the observed phenology 

in an unbiased manner and with 

an uncertainty similar to the 

observations.

Biais

Reference Ensemble mean
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biogeochemical model - 3D 

Par conséquent, l’augmentation de la P-I slope et de la 

constante de demi-saturation a permis d’augmenter le 

rapport en la production primaire et la prédation.

a permis d’accroître la production primaire. Ces effets ont 

pour conséquence de diminuer la concentration de DIC. 

Rodgers et al., 2023 montre d’ailleurs que la variabilité 

saisonnière produite par les modèles est trop faible, ce 

qui cause la mauvaise représentation de la pCO2. 


	Diapositive 1 Optimisation of biogeochemical model parameters using BGC-ARGO profiling floats 
	Diapositive 2 Optimisation of biogeochemical model parameters using BGC-ARGO profiling floats 
	Diapositive 3
	Diapositive 4 Biogeochemical models still have many weaknesses
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18

