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Model (chl)
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Data Assimilation

Improved estimation and understanding
taking account of model and data errors



Motivation

Simulation of biogeochemical indicators and fluxes is vital for
marine protection, marine policy implementation, climates studies

0 OSPAR Oxygen def|C|ency r|sk e |

COMMISSION

Protecting and conserving the
North-East Atfantic and its resources

Ciavatta et al., JGR, 2016



" Objectives and overview

To provide some “behind-the-scenes” features of . Oceal celour
biogeochemical data assimilation TN -~ "y
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=" Assimilation of ocean colour in ERSEM

Model states
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« Evolution of error covariance matrix @ et




PML > DA of satellite chlorophyll in ERSEM

Data Model
L4 biogeoch. MODIS chlorophyll ERSEM-POLCOMS
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Can ocean colour assimilation improve
biogeochemical hindcasts at L4 (in 2006)?



DA of satellite chlorophyll in ERSEM

Chlorophyll (day: 5 August 2006)

Reference run Satellite data

=T
S

Assimilation

A

r=044 BT

n r=0.79

le-01

1
RMSE = 1.57 ng/

T

RMSE = 0.99

/////

Percentage difference RMSE=

[(0.99 — 1.57)/1.57] x100=

-37%



DA of satellite chlorophyll in ERSEM

RMSE vs satellite
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PML e DA of satellite chlorophyll in ERSEM

Skill in biogeochemical hindcasting at L4
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Data assimilation lead to a generalized enhancements of the model skills,
according to 5 univariate skill metrics
(RMSE, correlation, model efficiency, percentage bias, cost function y?)



DA of satellite chlorophyll in ERSEM

Key: ERSEM skill & plasticity

Chlorophyll RMSE
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ERSEM

Ciavatta et al., 2001



PML | gy

DA of satellite chlorophyll in ERSEM

Key: EnKF &

evolving covariance

Ciavatta et al., 2001
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PML |z DA of satellite optical properties in ERSEM

Data Model

ERSEM-POLCOMS

L4 biogeoch.
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DA skills

Objective: To explore the advantages of assimilating
optical properties (from satellite) in shelf sea models

Ciavatta et al., 2014 Ski[f_)



DA of satellite optical properties in ERSEM

The coupled optical-ecosystem model
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DA of satellite optical properties in ERSEM

Assimilation of Kd(blue) & hindcast of Kd(blue)
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PML e DA of satellite optical properties in ERSEM

Assimilation of Kd(blue) & hindcast of chlorophyll !!!

RMSE vs satellite chlorophyl
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RMSE of chlorophyll improved !
(correlations not that much)
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DA of satellite optical properties in ERSEM

700 Total Particulate Carbon (TPC)
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Other 16 variables...

Reference hias= 149%
Assimilation bias=139%

Difference bias~ - 10%

| Reference bias= 51%
I Assimilation bias=55%

| Difference bias~ + 4%
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PML > DA of satellite optical properties in ERSEM

Difference bias: assimilation of Kd(blue)

RMSE: Percentage differences
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PML e DA of satellite optical properties in ERSEM

RMSE: Percentage differences
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Correction

DA of satellite optical properties in ERSEM

“Spread” of DA corrections
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DA of satellite optical properties in ERSEM

N
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Total Particulate Carbon (TPC)
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New time series of: 2
« 4 size-classes phyto chlorophyll o
« daily concentrations 5
« Spanning 1998-2015 %
« At aresolution of 4 km £
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Novelties: S
« 4 vs 3 components g

« Per-pixel errors

« Temperature dependency 2
S
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>I Brewin et al., Frontiers in Marine Science, in revision




PMLE=""PFT Into a pre-operational model: reanalysis

The “1-month forecasts” vs satellite PFT chlorophyll

Diatoms

Dinoflagel
Nano-phytopl.
Pico-phytopl.

Tot chl

Ciavatta et al., JGR, Ciavatta et al., JGR, 2018



PMLE=""PFT Into a pre-operational model: reanalysis

Skill versus In situ data of biogeochem indicators
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Impact on simulation of pCO2 and C fluxes
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“*PFT into a pre-operational model: reanalysis

Impact on simulation of Nitrate and N fluxes
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PML e Discussion: why PFT outperformed chl DA?

Picoplankton

PFT chlorophyll vs total chlorophyll (log10)

New Parameterization Old parameterization
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The state-of-the-art parameterization introduced
(realistic) non-linearity that weakened EnKF hypothesis.



PML [z DA Into an operational model: prediction

The ecosystem model: NEMO-FABM-ERSEM

NEMOVar

3D-VAR
First-Guess—At-Appropriate-Time
Log-transformation

Incremental Analysis Update
Conservation of PFT Chl:N ratios

Skakala et al, JGR, 2018



PML ZzE" DA Into an operational model: prediction
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“* DA into an operational model: prediction

Copemicus - Marine en X = Xe

O w marine.copernicus.eu

COPERNICUS
NE ENVIRONMENT MONITORING SERVICE Search terms

e,

TRAINING &
EDUCATION

SHORT-CUT
AT TO SERVICES

MARKETS & SCIENCE &
ABOUT Us BENEFITS NEW MONITORING

MY CART Q/

L 1

PRODUCTS -

INDICATORS

YOUR SEARCH @ NORTHWESTSHELF_REANALYSIS_BIO_004_011

ATLANTIC- EUROPEAN NORTH WEST SHELF- OCEAN BIOGEOCHEMISTRY REANALY SIS FROM
METOFFICE (1985-2014)

Search by keyword

MODEL o X X X X X
REGIONAL DOMAIN 3 CHL PHYC O2 NO3 PO4 PP @
European North-West Shelf Seas 0.067 degree x 0.111 degree (24 depth levels)
PARAMETERS » From 1985-01-01 to 2014-06-30
TEMPORAL COVERAGE monthly-mean, daily-mean
From  1992-01-01 To 2018-06-30 MORE ADDTO [ Sub-

INFO CART ——/ WMS _.tting

[[1f checked, the search results will only
show products containing the whole
selected time range o gy

ABOUT PARTNERS & BENEFITS FEEDBACK : ' "'.
- zmzzvm:?'umm (E)pemicus

uUs STAKEHOLDERS SURVEY

NCEO PFT DA expected to be REA operational in 2019-20
NCEOQO PFT DA expected to be NRT operational in late 2020



https://www.google.co.uk/imgres?imgurl=https://cnr-ismar.github.io/presentations/imdis2016/logoISMAR.jpg&imgrefurl=https://cnr-ismar.github.io/presentations/imdis2016/index.html&docid=vDRgqcH-RCtYSM&tbnid=VFlNJjXeiuGnQM:&vet=10ahUKEwitk4rf2t7fAhXrTRUIHfxEATMQMwg6KAEwAQ..i&w=1715&h=1715&bih=688&biw=1103&q=cnr ismar roma&ved=0ahUKEwitk4rf2t7fAhXrTRUIHfxEATMQMwg6KAEwAQ&iact=mrc&uact=8

PML |z Concluding remarks

¢ Assimilation of ocean colour can improve the simulation of
biogeochemical variables that are not observable from space

*+» Errors of model and ocean-colour observations are critical

“* “New” ocean-colour products can outperform the assimilation
of chlorophyll (e.g. Ky, PFTs, r,), but have some drawbacks

*» Combined assimilation of ocean-colour products
and in situ biogeochemical data (e.g. biogeochemical-Argos)



