Models coupling with specific focus
on ocean physics and
biogeochemistry
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v Model coupling
v" What is biogeochemical modelling

v" The OFFLINE coupling

v"Some technical issues




__The need for model coupling

o laitian sl st st

» Atmosphere (air)

» Hydrosphere (groundwater, glaciers,
oceans, lakes and streams)

» Cryosphere (sea ice, glaciers, snow)

» Biosphere (sum of all ecosystems,
presence of DNA)

» Pedosphere (soil)

» Lithosphere (crust and uppermost
solid mantle)

» Anthroposphere (human activities)

http://lwww.esa.int/spaceinimages/Images/2006/09/The_Changing_Earth

“COUPLING” - flow of mass, momentum, energy between spheres
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__...In the marine biosphere i

Many modules/approaches are present, each related to different

scientific communities
* Plankton organisms (Lower Trophic Levels)
« Fishes (Higher Trophic Levels)

« Benthic/Sediment models (“the pedosphere
@ the ocean bottom”)

“COUPLING” - flow of mass due to
predation dynamics or sedimentation/resuspension

Trophic Level

A

Predator{
AN
[\

/ With life history \

\Without life history

LTL

Functional complexity
De Young, 2004
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Forcings coming from other models (e.g. circulation in a transport
model), or model trajectory correction (e.g. 3DVAR)

uaClax | [kenClax | RC.ISm) | [ akacloz |
A A 4 A

aC(t)/ot
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|
T time |

[Data ,:A\ssimilation ]

“COUPLING” >forcing from an external model on a specific operator e.g. advection
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What is marine biogeochemistry?

This talk - focus on marine biogeochemistry

It is about the distributions of chemical
concentrations in the Sea and the processes
that control them

Phatosyrithesis

Living functional

What is the mean abundance of key
elements

What is the spatial and temporal variance
of such distributions, what control such
variability?

Enwronmeanisl|
facliors
{lemperature,

Vichi et al., 2007

Spatial scales: from global ocean to coastal areas
Temporal scales: hindcast mode, forecast, scenario projection



o .
] 3
% | |

L
E

|

| BIOGEOCHEMICALFIUKMODEL e

I8 Basic equations

Eulerian framework, conservation equations for

chemical concentrations C

oC  OC

oC

ot ot

advection

+ R(C,T,S, Irr,...)

0t dif fusion

R - reaction terms (Source minus Sink)

oC

ot

— -U.-VC+V(DVC)+ R(C,T, S, Irr,...)

| |
|
\

“COUPLING” >0OGCM
(Navier Stokes equation solver)
es. NEMO
MITgcm
ROMS

“COUPLING” >REACTOR
(Biogeochemical fluxes)
es. BFM

ERSEM
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Biogeochemical modelling
is usually a problem
oriented discipline many
different models with
different parameterization
/configurations

Release Predation II
II (0 Inorganic w
R | Organic Matter 0@ | Oxygen
R | Labile DOM espiration|[2 | Carbon dioxide
R A Alkalinity
. Semi-labile DOM
: 2,1:2 Semi-refract. DOM | Reduction Equiv.
H Particulate detritus ® H
[ © ' r—
; e e, Respiraﬂo'n
E - Release '
i5 : :
N Exudation II(D | Photosynthesis
% Lysis
Ho -
EE P | Phytoplankton
0
a2 P | Diatoms ..Uptake
: P, | Nanophytopl.
E P® Picophytopl.
: : P@ | Large phytopl.
E ¢+ Uptake/Release
ﬁ
Living Organic  Non-living Organic Inorganic %?.,a('gfun,?ﬁr :lr::wrg(?\lrjll’c,ﬂl)mem EM'\(;)\
] > ===V CEmmammE \s,=.5!l
J Gas Boundary flux
d 1. exchange (atmosphere-ocean)
(land-ocean)
(sediment-ocean)

b AL B (92013 BFM System Team http:/bfm-community.eu =
} X0 -4

The reactor shoud be

problems

modular by itself to be
adapted to specific
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Equation Box 2.3 Baclena equations

Modularity and flexibility: ~ ,« = o oy or
' dr g, i dt g dt |goy ol g S dr |y
'\‘ ] | upd
8 " (i[i.: - . Ry l']{i'.1 ) 5 (’”L :
' dr |, .I}T” g e g 4-21‘.4 ar | vy

L e T e S —

& riableis) for Nutgfém.s

e P e e e e O e e [ e 0 e e

»
Erosphate ;. mmol B /&3
litrare - rﬁ'mol"—'ﬂf:..?-”_

Dommsl

21 : Diatoms
P2[-58] i Flagellates
Pi[-=] : PieoPhytoplankton
Pi[-5] : Large Phytoplankton
end
*—:—:—:—:—:— ____ - e e e e = = = e = e = e = e == = = === et S
# State Variable(s] for Mesozooplankion
;—:—:—:—:—:— ———— - e e e e e e e e e e 2 e 5 e 5 e e 5 e e 5 e 5 e e e e
group MesoBooPlankton[enp] [MEZ) @ =g C/m3 : mmol NS=3 : mmol P/m3
43 1 Carnivorous Mesozooplankton
24 i Omuivorous Mesozooplankteon

e
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... dome examples ...
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v BFM coupling with ~ PELAGOS
the GCM NEMO at (PELAgic biogeochemistry for Global Ocean Simulations)

o o (&) SeaWiFS 1998-2001
0.25° and 2 ;

v Hindcast simulations
of the global ocean
biogeochemistry e S : 4
(Vichi et al. 2007a,b; S e i
Vichi and Masina, 2009)

v Biogeochemical
cycles in the Earth
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)

[c) SeaWiFS 1998-2001

nnnnnn
|||||
0 01 02 03 04 05 06 OF 08 05 7 1 12 13 14

(d) PELAGOS 1998-2001
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R
Centro euro-Mediterraneo % py

sui Cambiamenti Climatici \3;//
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) 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)

o S 0 0 0 N 0 8 6 8 8 0 U 8 S \
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I and Surface - | |
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l : Physical Core 0ASIS3 , Carbon Cycle :
1 I
X - BFMO |
: | 1 BIﬂﬁEDCHEMI[}ﬂlFlUKMﬂﬂH |
, || Sealce Ocean Blogx)iﬁgfnistry I
I : LIM2 OPAS8.2 PELAGOS :
I S S i — ’
\

Pg Clyear

5 1 1
—— Tropical 20C & A1B
| ===E
4.5 ~— Northern 20C & A1B
-=-=E1
4+ —— Southern 20C & A1B

- - -Ef

w

N
o

1960 1980 2000

2020

2080

2060

2040 2100

Scenario changes of
Net Community Proglyetioino
in the PaC|f|c NCP 1990-2000

75°N

60°N[

45°N|

30°N§

175°E

160°W 135°W




BIOGEOCHEMICALFLUK M[)[I[l

oc e
L~ TRANSPORT + REACTION —— | BEM w, L4 R, (c;sc,.cxnT 1)
ot (1: o \*™

l T Biogeochemical flux model 1

OPA Tracer Model

> d éc. |
UV + ()" Ve + — |k,
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Physical forcings (U, T, I, ecc)

v Horiz. Res. = 1/8°

v’ Vert. Res. = 43/72
levels

v’ Time Res. = 1800 s

Online approach:

Offline approach:

Runtime coupling with
OGCM (e.g. NEMO)

)
s
i e bz
CRAE
Centro euro-Mediterraneo \ A
h

sui Cambiamenti Climatici

v 1 year simulated in 2
hours

coupling with precomputed
physical fields from OGCM

&

Model description and forcings

CIRCULATION MODEL
-OGCM: NEMO (OPA 9) (Madec 2008
http:/www.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

quesstimates with vertically-distributed analytical
profiles

-Nutrient River input: data from Sesame Project
(Ludwig et al. 2009)
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Depth=141.8

Depth=87.4

Depth 62.7
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Depth=26.5

Depth=62.7 Depth=87.4

0.08

0.06

0.04

Resolution-> H: 1/32°, V: 72 levels
Boundaries: MyOcean Med forecast system, discharges and tracers
concentration at rivers, atm. pCO2.

Atmospherlc forcmg RegCM4

ICTP, Hres: 12 km

14 16 18 20 22

14 16 18 20 22

14 16 18 20 22 14 16 18 20 22 14 16 18 20 22




... Different approaches ...

T T —

ﬁNTERNAL COUPLING\ / EXTERNAL COUPLING \

Elements are in the same Elements are in different program units
program unit e.g. both can be run indipendently

/ OFF-LINE \/ ON-LINE \

Date exchange through | Date exchange through
external storage (files) working memory
Usually one way

ON-LINE

Data exchange through
working memory (es .mod)

DIRECT DIRECT | INDIREC

x J\o Nt

coupler
The best approach depends on the specific problem

=

Joeckel 2012
Kerweg & Joeckel, GMD,2012
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OFFLINE approach Applications
/intermediate process@
Y
OGCM g ‘ T™M+ v' Operational chain
REACTION
~ v'Climate simulations

v'Sensitivity analisys

Y \

OGCM > TM+
' v"Nemo

teveee-s || REACTION /
A ——
\ AN /
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... The OFFLINE APPROACH ...



L4 OFFLINE - The transport com

Different approaches for parallellisation (SPACE - domain
decomposition, VAR - parallelisation on biogeochemical variables)

MPI SPACE SPACE SPACE SPACE

OPENMP VAR VAR SPACE VAR

uaC/ax | [kenClax | RC.TSIm) | [ akaCloz |
A

aC(t)/ot 1 t 1"t
- |
C(t-1)
T time |

[ Usually > 24 cores for a real applications]
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v" To carry out those computations a lot of computational
resources are required

acceptable time, and reducing I/O problems

v" use of HPC facilities

.

v'Attention to optimization in order to carry out experiments in an

/
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OFFLINE approach Applications

ﬁntermediate processirh
Y2 Y2

OGCM - I T™M+ v' Operational chain

REACTION

N\ N\ v Climate simulations

v'Sensitivity analisys
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1/16° scalar fields 1/8° scalar fields

.t(1 »3) .t(2,3) ;(3,3) .t(1 ,3) 't(2,3) 1(3,3)
(1,2) (2,2)
f(1,2) f(2,2) f(3,2) If(1,2) (2,2) If3.2)
a2l 2| w2 Wwal e le2
IF(1,1) F(2,1)
f(1,1) f(2,1) (3,1) f(1,1) (2,1) | HEXD]
.t(1,1) .t(3,1) .t(1 1) .t(2,1) .t(3,1)
;(1 1) 3(2,1)

1/16° vectorial fields 1/8° vectorial fields

Iu(1,3) fu(2,3) u(3,3)

) (P R RED) (TP

u(1,2) u(2,2) u(3,2)
¥(1 1) | i“2|1 l

v(1,1) v(2,1) v(3,1)

b(1,1) 'u(2,1) u(3,1)

 (TRE))  (T7E))

(Aumont et al., 1998; Lazzari et al.,2010; Levy et al., 2012)
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Reduction in computational loz

Resolution of the trasport OFFLINE model for temperature

Ce | [ e 27°] | (1540 | < [ TMresolution |

‘\

07 1/54°

SST (°C) -
s [1/16°0n1/8° | | 1116°

20130227_CH 20130227_CHL_s

1/54° on 1° 1/54° on 1/3° 1/54° on 1/9° 1/54° n 1/27°
Levyetal., 2012

Physics requires higher resolution than tracers
Reduction in computational load, memory load,

and Storage SpaCe OCCupied 0.00 0.08 0.16 0.24 0.32 0.40 00 0.08 0.16 0.24 0.32 0.40 0.48
Coastal areas

could be affected
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OFFLINE approach Applications

%ntermediate processing\
Y2 Y2

OGCM - I T™M+ v Operational chain

REACTION

N\ N\ v Climate simulations

v'Sensitivity analisys
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Operational Chain in OFFLINE mo

PLX @ CINECA

FTP @ INGV

—
Forcing data

Ste

Step #2: model

p #1: preprocess

Step #3: postprocess

]

New model
results

ineca.it @ CINECA

Asynchronous
/ Kﬁ catalog generation
Production » MOTU < THREDDS cEtaiogs
9 on Tomcat on Tomcat {metadata)
on HOA -l -—
A \
o) ‘
Fronten -
\ on Apache Forecasts ogsbhio-dev.
N (NetCDF)
S~ ANIRN
Update Auth. Auth. R
notification request request Direct catalog access !

-

yOcean

¥

CAsS @ M

|
|

www.myocean.eu.org @ MyOcean

Auth.
request

(private)

ata request/subsetting
Data download




ol
8 | i s
eI ‘
I\ s
i & 7
b 4

'ermnuzmlnmnum;nu‘* Ci{ ‘f b ‘ TLQ“QP e rat i O n a I c h a i n

N implementation in MyOcean MedFC-

Saturday run

Wednesday run

JL
Saturday run _ [1/F[s[s[M[TW[TIF[s[s]MTW]T]F
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OCEAN MONITORING

Ry

and FORECASTING

Providing PRODUCTS and SERVICES for all'marine applications.

» MARINE
SAFETY

» MARINE

PRODUCTS AND SERVICES

MARINE

COASTAL & MARINE
SAFETY

~ ENVIRONMENT

MARINE
RESOURCES

atalogue of services
Register now!

» Products and services » Products and services Ask the service desk

» Products and services

DATA ACCESS

M0 10 X063
s w0 15

Access to catalogue
ews Flash!

Product improvements
chnical FAQ

NEWS & EVENTS

Services Commitments & licence = News Flash!

TEVC W B OP T 9P

PRODUCT SHOWCASE

MYOCEAN INTERACTIVE CATALOGUE : CH'-°R°‘:"M-L (mgChl/m3) 2011:3:28:12

Found matching your criterias
EDUCATION
. Free REFINE RESULTS
» Observation text:

» Modelling
DU T B MEDSEA-FORECAST-BIO-006-002
2000050 10 2000995

MEDITERRAHEAH SEA BIOGEOCHEMISTRY
" FORECAST

PRESS/EDITION CORNER

»all corners

The OPATM-BFM implemented by the OGS and
running at CINECA provides 10 days of forecast
of the Mediterranean Sea biogeochemistry, and
in particular of the sea surface chlorophyll and
nutrients concentration, V1 version includes
phosphorous limitation and updated boundary
conditions on rivers, climatological light
extinction factor, atmospheric branch.

3234 3333 40 4244

CEVRWE Oy

[ S
GOAMTON CP Al 63 4% M (3 LG W 03 EF I 15 2 s

16MARZ010

RESOURCES

Home > Products and services > Products > Access to catalogue > MyOcean interactive catalogue

» COASTAL & MARINE
ENVIRONMENT

Mediterranean Sea
Biogeochemistry Analysis
(2001-2010)

Ev:::cz,:flu -G-Z-VI-Z- Lﬁu;l ;§I|g| ’.‘-,;:'C;E;‘!VI ﬁl-:-:ilcﬁ
Access Ddata throng b hyOcear Catakg e
10 clay Forecaststart eve ry Teesday

(READ MORE..)
F-2011 Sy 102524 (UTC)

S 2000 2010 2011

Jm]F-:-I -]’.\Clll-'-]-ll r.l:o,IJ 1 |[Jl| A 'Zé[-]-:--zin-:l.' Dec

Moy Th

3

Frl | <at

a 10

12
19

27MAR2010

14 15

23MAR2010

Nominal product for
biogeochemistry forecast in

1l

Med Sea + OGS web page +
case studies + CalVal

http://data.ncof.co.uk/calval/

0.020.040.060.08 0.1

0.2 0.3 04 05 0.6 07 0.8 09

1
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I:M _ v Simulations on climatic time scales
g=
==
OSESAML

Southern European Seas: Assessing and Modelling Ecosystem changes
el N\ e e o
b )

" ,&g 58

:
]

Atmospheric Forcings <:| Socio-economics

INGV-SXG climate model" IPCC SRES A1b?

-~ J

Ocean Physics

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

BFMv2-OPATMS) (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. (2014)
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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
e NPP 0.36 0.032 0.036 0.015
SE_ 5 AME. NCP 0.01 -0.001 -0.033 -0.064
e A, h DSL 0.96 0.038 0.044 0.035
outhern European Seas: Assessing and Modelling Ecosystem changes
g E,;m, L ! BIO 412 -0.046 -0.043 -0.056
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
Increase of carbon rates NCP 0.01 0.050 0.019 -0.002
both production (GPP) DSL 1.02 0.030 0.027 0.025
and community BIO 4.97 -0.070 -0.074 -0.076
respiration (RSP) EASTERN BASIN
/ I £ di lved 20C A1B-BaU  A1B-PT A1B-DB
ncr?ase.o Issolve GPP 0.58 0.044
semi-labile carbon RSP 0.56 0.046
‘/ ) ) ] NPP 0.30 0.034
Reduction in biomass NCP 0.01 0.035
DSL 0.93 0.045
BIO 3.63 -0.027 -0.018 -0.039




LA Lin king OGCM - transport reactic

OFFLINE approach Applications

%ntermediate processing\
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ivity to parameters un

Release Predation II
II Inorganic B
R | Organic Matter Oxygen
| R | Labile DOM Carbon dioxide
"1 R™ | Semi-labile DOM {\Rﬁinﬁv
: R.::: Semi-refract. DOM S uction Equiv. )
H Particulate detritus ©
[ © J—
: o — Respira!'uon
: * £ Release '
i5 , ¥ [
iN Exudation O Photosynthesis
o Lysis
H)
:E P | Phytoplankton
)
i« P®|Diatoms  [<--sdieil
: P, | Nanophytopl.
5 P® Picophytopl.
: P“’ Large phytopl.
' +  Uptake/Release
P
L X . . . Organic matter  Inorganic nutrient
Living Organic ~ Non-living Organic Inorganic flow (C,N,P... ) flow (N,P....) .EM
3 —— — > kl./ |
J Gas Boundary flux
exchange  (atmosphere-ocean)
@2013 BFM System Team http://bfm-community.eu — (land-ocean)

(sediment-ocean)

/" 9 PET with ~ 20
physiological
processes each

~200 parameters
control the kinetic of

Kthe processes

/

What is the uncertainty in the model results?
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__ Morris’s method
a base vector is randomly chosen within the parameter space

0.1 p0.1 0,1 0,1
pot = {pPt PO P Pt

1
one parameter is randomly chosen and varied of A elementary effects on
0,1 0, 1 0,1 0,1
Pl 1 {P P Pi Ly A, o PN, } model output
d1,3

0,1

: _);(pl >p2 s D apN)




How it works ... 1

a second parameter is randomly chosen to be varied of A

Elementary
effects on model
output
d1,1 d1,3
a” /0,1
1,1




" How it works ...2

the step is repeated until all of the parameters have been varied
a trajectory on the space of the parameter is then performed

one elementary effect for each param.
Yy P d1,1 d1,2 d1,3
™ | /

o pd!

N 3.1 1,1

2,1
>
P P
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How it works ...3

distribution of elem. effects on the
model output due to variations of the
first parameter

elementary
effects on model
nlﬂplﬂ

d11 d12 d13
d21 d22 d23
d31 d32 d33
dyq | dgo  dy3
d51 d52 d53
d61 d62 d63
d71 d72 d73
d91 d92 d93
d91 d92 d93
d101 d102 d103

2 P [u (mean), o (st.dev.)}




BFM To carry out this experiment ...

... on a 3D implementation of BFM

/\/ sensititity of 165 parameters on 122 variables in 51 different conditib

(trajectories)

v this results in about 8500 simulations
v' 21 Mh cpu
v' 24 Milions of files produced

v' 54 TB of space

\/using vectorization of 3D files —without that we would have 240 TB !/
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/{ Model 1/0

The run at BlueGeneQ facility of CINECA, where 1/O is a bottleneck. Vectorization
has been a crucial solution to:

v’ save disk space
v Save time both in simulation and in postproc
v" Avoid zip/unzip (time consuming)

Some considerations ...

/
N

/[POSTPROC |

Output must be reduced size in order
v" to be stored and moved elsewhere

v' to investigate easily on local servers the relationships parameter-variable
1 file for simulation (~10000 files)
1TB of space - that’s enough for science

\_ /




Parallelism Level 1 : Pure MPI Code, Mediterranean Sea divided in 128 tasks

Parallelism Level 2 : Since the BlueGeneQ minimal requirement is 2048 cores,
we used the SUBBLOCK task-farm technique. A job launch 16 different mpirun
using a subset of cores

o /

- Postproc J

With job of 2048 cores we process results of 165 simulations x 122 variables,
i.e. we do 20000 times the same statistical work with the task-farm
technique.

Solution adopted to remain on filesystem : 6D array

PROFILES [ var, time, subbasin, distance from coast, z, kind of statistic]

No communication between ranks, every rank writes its file, then a serial
\Sllector writes the final file

/
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A 5% uncertainty in the value of each of the hundreds model parameters,
with an estimate of the cumulative effect of such uncertainty.

Globally, the uncertainty is higher (up to 300%) in measures related to higher
trophic level organisms, such as carnivorous mesozoopkanton, and lower for
those related to planktonic primary producers

Several outputs present pretty large uncertainty, but —globally- the cumulative
effect of potential uncertainty in hundreds of model parameters add up to an error
which is smaller than 25% for the majority of the parameters.

In detail, the uncertainty associated to politically very relevant quantities, such as
total primary productivity (a first proxy of sea fertility) or air-sea CO, fluxes (a first
proxy of carbon sequestration) are about 5%.
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he OFFLINE coupling apprc

/[ Advantages] \
v'Reduction of the computational load especially needed in application with
O(100) tracers to be advected (cell merge approach);

v' capability to link with different OGCM (Operational or climate);

v' the Offline approach simplify the task to carry out sensitivity analysis of complex
3D coupled models;

v'Results are essentially equivalent to TM forced with higher resolution model
\@vy et al., 2013). /

— ]
Disadvantages | \

v’ formulation of the Transport Model must be sufficiently congruent with the
formulation of the OGCM;

v’ Loose high frequency effects

v’ feedbacks of biology versus physics are not represented;

\idisk space needed to store forcings (for 140 yrs~3.2Tb). /
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... COUPLING THE REACTOR IN A MODULAR
WAY...



- Shading effect of bio on radlatlon
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MITgecm: M.I.T. General
Circulation Model

«designed to study both atmospheric
and oceanic phenomena, at various

scales (from meter to global)
* includes non-hydrostatic capability

 adopts the KPP vertical turbulence
parametrization

« adopts a finite volume technique

« developed to perform efficiently on a
wide variety of computational
platforms

« FORTRAN 77

— 4
~1 000km ~10 000km

~100m

~100km

— o ~10km

~1km

http://mitgcm.org/

BFM Biogeochemical flux model

» Medium complexity food web
 carbonate system
» multi-nutrients (C, N, P, Si, Chla, Fe)
* modular code

pcoz atmopheric
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MITgcm packages

BFMcoupler_READPARAMS.F

call BFMOD_NO_BOXES

AN

call BFMinitialize

/

pler

and

FMcoupler_calc_tendency.

BFMOD _reset

call BFMOD _Input_ecologyDynamics

A 4

v

call EcologyDynamics

c8|l BFMOD_Output_EcologyDyngnics

v

TR0 I TR TRIGER QL)

73

aowiyq

1 {\ ‘(

BRRRbt =

S |

ﬂ\g 1 T
e ' '
Yo | .

1.1~ BFMcou

BC and IC of tracers
Compute tendency for
transport (Adv&diff)

Generic coupler for tracers
call BFMcoupler routines
(read params, external
fields,initialization fields, and
diagnostics)

— ~_

Allocation of memory on
0D configuration and
interface with main_BFM

Load and memory store of environmental local

variables (P and N Deposition, atmpCO2, atmP, atmWind,

surfPAR, PAR and light extinction factor) and

biogeochemical tendency of tracers




... dome technical problems ...
(to introduce the lab session)



v Is it possibile to couple a particular complex postproc
procedure in the main model algorithm?

v Is it possible to threat the 1/0O procedures as a separate model
to optmize the model performance?

v ... coupling a model with itself ...
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 Data Assimilation scheme (DA)

s it s B

3D variational approach

e Cost function to obtain

the innovation

Dobricic and Pinardi,

J(x,)=0x, B'6x, +(d, -H, ox,)'R;'(d, -H 6x)

e Model error covariance decomposition

B=V'V 0x=Vy

e Solution in the control space v

J(V)=v'v+(d-HVv)'R™'(d -HVv)

° decomposed into a series of operators

V=VVV

Teruzzi et al.,

2014

L = TRANSPORT + REACTION —P

dc.
ot l
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/\/To perfom a reanalys
long sequences of run
followed by assimilation

the transport and DA
model

v If both are parallel ca
they “coexist in a single
MPI framework™?

.

v'To avoid reinitialization
of the model coupling of

~

n

forecast of

chlorophyll

prévious run | gpservations

Med-MFC-biogeochemistry

Pre-processing

/

Data assimilation
3DVAR

physical
forcings

Re-gridding [«

IC

re-gridded
physical forcings

Biogeochemical model
OPATM-BFM

model
results

Post-processing

biogeochemistry

products
\/
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PO | Pt | P2 | P3 | P4 | P5 | P6 | P7

YTYYYYT YN

PO | Pl | P2 | P3 | P4 | P5 | P6

P7

When PO does I/O the others wait
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PO | PO|P1|P2 | P3|P4 | P5| P6
PO | Pt | P2 | P3 | P4 | P5 | P6 | PT

Sub-communicators Blue do the calclulation
Sub-communicator Red do the I/O
(Possibly asynchronously)
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Thank you for the attention!



