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Why do we do ocean data assimilation

Forecasting: initialization of coupled models

« NWP, monthly, seasonal, decadal

« Seasonal forecasts need calibration
Towards coupled DA system (weakly -> quasi-strong -> strong ...)
Climate application: reconstruct & monitor the ocean (re-analysis)

Verification/evaluation/co-design of Global Ocean observing network (OSE/OSSE)

Other applications

« Commercial applications (oil rigs, ship route ...), safety and rescue, environmental (algii
blooms, spills)



Ocean is a data sparse system
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Ocean observation is about
1/1000 to 1/10000 smaller than
Atmospheric observation

0 150 300 450 600
ECMWF data coverage (used observations) - SYNOP-SHIP-METAR . ECMWF data coverage (used observations) - SALINITY
16/10/2017 00 Daily obs 20171030 00

Total number of obs = 62286

- SYNOP-LAND TAC (6379) : METAR(13071) . SHIP-TAC (2882)
- SYNOP-SHIP BUFR (203) + SYNOP-LAND BUFR (16476)

1507 120 oW 0w W oE S0E E0°E 0°E 1208 150°E

MET AR-AUTO (22375)

N

N

BN

40N

N
20N [

oN

Total number of obs = 376

+ Ocean mooring (56) + ARGO (317)




Moored buoys

Ocean in-situ observations

Argo floats

Ship based observations

Argo operational cycle. [PMEL 2018]

[Argo 2018]

Mammals!

New observations types are
emerging: gliders, Deep Argo,

BioArgo, drifter, saildrone ... [CO 2001]
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Saildrone mission to the Gulf Stream

Funded by Google.org Impact Challenge for Climate

Collaboration with University of Rhode Island
e  their main interest is carbon fluxes

Video credit
@saildrone

Goals:

e Can we have USVs in the GS over the winter?

e Can we identify sources of biases in the 7
degree model used at ECMWEF?

* Provide a new community dataset for open
use
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The Global Ocean Observing System (GOQOS)

Mobile systems

Core floats - Argo

Deep floats - Argo
Biogeochemistry floats - Argo
Underwater gliders - OceanGliders
Drifting buoys - DBCP

-150° -120°

Global ocean observing system

In situ operational platforms monitored by OceanOPS

© Polar buoys - DBCP
" Animal borne sensors
Fixed systems

“ Tsunameters - DBCP
E Offshore platforms - DBCP

®  \Moored buoys - DBCP

B Ocean reference stations - OceanSITES
' sea level gauges - GLOSS
' High Frequency radars
Ship based measurements
““ Manned weather stations - SOT/VOS

Automated weather stations - SOT/VOS

January 2022

©  Radiosondes - SOT/ASAP
Reference lines and areas

A= Repeat hydrography - GO-SHIP
N\ eXpendable BathyThermographs - SOT/SOOP
=g Sampled sites - OceanGliders

Generated by ocean-ops.org, 2022-02-06



Temporal evolution of GOOS
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* Very uneven distribution of observations.
» Southern ocean poorly observed until ARGO period.



Use of in-situ observations: data assimilation

Daget et al 2009
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Figure 1: Schematic illustration of the procedure used to cycle 3D-Var. On each cycle c, the model is integrated from t
to ty starting from a background initial condition XIC) (to) (grey dots) to produce the background trajectory xlc’(t,-) (black
solid curve). The difference between the observations 'y, ; (black dots) and their background counterpart ( H(.,ixﬁf(t,-) ) is
computed (represented by the vertical thin dotted lines) for use in the 3D-Var FGAT minimization. After minimization, the
model integration is repeated from the same initial condition ( xlc’ (to)) but with the analysis increment applied using IAU.
This produces the analysis trajectory X2(t;) (grey dashed curve). The updated model state X%(ty) at the end of cycle c is
then used as the background initial condition for the next cycle ¢ + 1 (grey dots).



Use of in-situ observations: ensemble generation

In-situ observation profiles can be perturbed to generation ensemble analyses, by perturbing
* location of observations (horizontal + vertical)
* value of observations

o Vertical sampling of CTD temperature profiles Global Ocean Heat Content Changes

_______________ B mmm e m e m e mm e
[ ] L ] L ]
. Global mean ocean heat content anomaly
. . . 1e8 global
o . Lam ! T T T T T !
""""""""""""""""""""""""" { — g812hibtm == {812 hc700 | .. g812 hd300
55 ® * * ] 12L.——. g8nzhébtm == g8nzhc700 . gBNZhG300 oG
[ ] [ ] [ ] [ ] [ ] H H : H H H
. . + other obs ] — A— A— A— T C— ]
ittt Sttt Pl Sl i i i ; ; ; ; ;
. . Pert. Y — N— N S — ]

: -
-
Lo

Depth (m)

(Y] SR S e e

0.4}

0.2 i ST R e

[ . H m : ; : i
= . 0.0 : g et
® . . . ; I"r"""'lml." imnl'::mm.:.
H T
. —o.2l i i i i i i i
"""""""""""""""""""""""" Aug 2005 Feb 2006 Aug 2006 Feb 2007 Aug 2007 Feb 2008 Aug 2008 Feb 2009
[ ]
n [ ] [ ] L ] L ]
_70 L L L L L
o o [} =} - o m <
] c == © ] © © ©
= 3 zE -3 -3 -3 -3 -
o = 29 o o o o °
= £o s
=
[



Use of in-situ observations: bias estimation

Ensemble-based model-forcing error estimation using in-situ observations and Ocean DA system

A-priori bias term is estimated with assimilation increment from Argo period

e Itis a way of using Argo information retrospectively
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Zuo et al., Ocean Science, 2019



ECMWEF Ocean DA System

Perturbations:

* Wind stresses
* Net precip.

* Solar radiation
+SST/SIC

Zuo et al., 2019

Forcing pert.
Bulk formula +QC
+Wave effect Obs. Operator

Bias Correction

Innovations
Background
3DVar-FGAT

Ocean state Sea-ice
variables conc.

1 Increments

Bias Correction

e
B v

Overview of the OCEANS setup

bs. pert.

Observations:
* In-situ T/S prof.

» SIC
SLA
SST

Restart to next cycle

OCEANS5 is the 5% generation of
ECMWF ocean and sea-ice ensemble

reanalysis-analysis system (Zuo et al.,
2018, 2019).

* Ocean: NEMOv3.4

* Sea-ice: LIM2

» Resolution: 72 degree with 75 levels
* Assimilation: 3DVAR-FGAT

* 5 ensemble members



Observations impact on the ocean state estimation

Temperature RMSE: 0-1000m
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Assimilation of ocean in-situ observations helps to constrain the 3D ocean, therefore
providing better estimation of the ocean initial condition for the coupled forecasting system



Global OSE with the ECMWEF system

Maps of normalized RMSD of Temperature (upper 700m) in OSEs
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OSE with ECMWEF system

From 2000-2012 and focus on the Arctic region (sensitive to the inflow of warm Atlantic Water)

rej
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In-situ observation QC results in the Arctic region when using different shallow water rejection depths:

(left) 500m and (right) 50m
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depth (m)

OSE with ECMWEF system

Assimilation of additional in-situ obs in Temperature differences
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Impact on NWP: initialization the coupled forecasting system

A proper initialisation played a key role in the performance of coupled forecasts
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Impact on NWP: medium to extended ranges

Significant degradation in ocean forecasts from week 1 to week 4 when removing in-situ

observations in the ECMWF ocean DA system

Ocean forecasts bias scores
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Impact on NWP: seasonal forecasts

Forecast lead month for correlation above 0.9

in NINO3.4 SST anomalies

S1 S2 S3 S4 S5

1997 2002 2006 2011 2017

Ocean DA system provides ocean and sea-
ice initial conditions for all ECMWF coupled
forecasting system: (ENS, HRES,
Seasonal). OCEANS also provides SST
and SIC conditions for the ECMWF
atmospheric analysis system (Browne et
al., 2018)

Lead Time (months)

S5-NoOobs

« Gain about 2 months in ENSO prediction

« Without Ocean observation and DA, we would lose about 15 years of progress.



Application of Ocean DA: climate monitoring

ORAS4 suggests that there is more heat absorbed by the
deeper ocean after 2004.

ocean heat content changes
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Application of ocean DA: RT monitoring

Real-Time monitoring of ENSO state Ref: 1981-2010

Anamalous Temperature (C) Averaged in 5S—5N: AUG 2018

NCEP : JMA ‘
50 50 1
100 ‘~ 1004 i
150 1504 ’
200 v 2001 i
250 250 ’
300 4 . 300 ; ; . ; :
r PO ——— 120E 150E 180  150W 120W  QOW
ECMWE YD ASH ECMWF_ORA S4 CFDL .
50 V' N 50 0+ b ]
100 | 1004 0 |
150 : 150 'w 0. '
200 - 200 0 §
250 2501 01 i
300 . — : : 300 - . — 3o - e
120E  150E 180 150w 120W  90W 12Z0E 150E 180G 150W 120W  SOW 120E 150E 180 150W 120W  QOW
NASA BOM
501 504
. _ _ 1001 % 100
Contribution to the ORIP-RT project 154 Y w) |
« Update on the 15t day each month g A A Rl . |
120E 150E 180 150W 120W  GOW 120E  150E 180 150W 120W  GOW
» Compare the latest mean ocean state ENS. Mean SN Ratio
. . 50 E .
with 8 other RT Ocean analysis products 100- 5
1501
200 1
2501
300 4 ; ; r . 300 T T T T
120E 1B0E 180 150W 1Z0W  SOW 120E 150E 180  150W 120W  QOW

-4 -3 -2 -1-0D5 0 05 1 2 3 4 5 & Z 4 § 8 12



Depth (m)

Application of Ocean DA: towards coupled DA
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Ocean increment (assimilation of one
temperature observation at 5-meter depth)
spreads in the atmosphere during the model
integration (outer loop)

Coupled analysis should be better
balanced and consistent with respect to the

coupled model



Summary

Assessment of ocean observation impact on ECMWEF coupled forecasting system suggests

e Assimilation of ocean observations has a strong positive impact on the performance of ocean
reanalysis, with almost 2/3 of the error reduction comes from in-situ data assimilation

 Removal of all ocean in-situ observations leads to significant degradation in forecasted ocean states
from week 1 to week 4, and has a negative impact (~2 month skill) on seasonal forecasts of ENSO
prediction

* QOcean in-situ observation plays an important role on estimation of model errors, and in calibration and
reforecasts system

e Coordinated efforts on developing an experimental framework and analysis methodology for assessing
observation impact in ODA and coupled forecasts are needed (see Fujii et al., 2019).

A consistent, homogenous and deep reaching global ocean observing network is absolutely essential for
both operational NWP and climate monitoring services
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https://www.frontiersin.org/articles/10.3389/fmars.2019.00417/full

