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What’s CoRea?

Partners: NERSC (Yiguo, Francois), UiB/GFI (Sebastien), NORCE (Patrick Raanes), ENPC (Marc
Bocquet), ECMWF (Patrick Laloyaux)

e Period: 10.2020 - 06.2025

e Qverall objective: produce a reliable three-dimensional coupled reanalysis of the climate from
1850 to present for studies on the role of the ocean in the climate system and climate variability
at decadal to multi-decadal timescales
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What’s reanalysis?

* Dynamically consistent reconstruction of the climate system:
1 reanalysis = dynamical model + observations + data assimilation

* Understanding anthropologically driven global warming

* Studying climate variability and teleconnections

e Initialising climate predictions

* Atmospheric reanalyses (ERA-Interim/ERAS5, Dee et al., 2011), ocean reanalyses (ORAS5, Zuo et al., 2019)
* Coupled reanalyses (Laloyaux et al., 2018, O’Kane et al., 2021)

ORASS Sea Surface Temperature (in degC) - December 2020 mean anomaly (1993-2016 climate)
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15t motivation: coupled processes

CERA 20C | ERA-20C
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Hovmoller time series of spatially high-passed filtered SST (contours) and wind
stress (shading) at 1°N in the eastern Pacific from April 1973 to April 1974. (Laloyaux et al., 2018)
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2"d motivation: ocean’s role in climate variabilijt
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Norwegian Climate Prediction Model (NorCPM),

Norwegian Earth System model J

Data assimilation (EnKF)
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Objectives: Observations

« Climate prediction * OCN data
» Seasonal time scale (SFI Climate Futures, SIPN) * |ICE data
* Annual-to-decadal time scale (CMIP6 DCPP, WMO-ADCP) e Land data

e ATM data

* Long climate reanalysis
 Instrumental (from 1850, CoRea)
» Paleoproxy (last millennium, PARCIM)

(Counillon et al. 2016; Bethke et al. 2021)



'Norwegian Climate Prediction Model (NorCPM)

Norwegian Earth System model J
Data assimilation (EnKF)
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Observations

* NorESM1-ME (Bentsen et al. 2013) * SSTdata

* CMIP5 forcings
e 2°for atmosphere and land components
e 1° for ocean and ice components

* 30 ensemble members (Counillon et al. 2016; Bethke et al. 2021)
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Why we assimilate solely SST in CoRea1860+?

e SST data is the most primary instrumental data prior to the satellite era

NERSC

* The use of new data in the course of the reanalysis introduces discontinuity
* The HadISST2.1 product (accounts for bias between measurements and provides a good uncertainty estimate) from 1860 to 2010

e QISSTV2 from 2011 onward
A World Ocean Database 2013

Decadal average 1955 - 2012

1807 120w 60°'W
x L - 1

HadISST SST anomaly and sea ice concentration
March 2024

90N T

v-; ——— (%th_\_v‘

1 T
1200W 6O°W

6O'E IZB‘H 180
Annual temperature observations at surface (quarter-degree grid)
| jemmjesmoeay B4

-~ 1-2 2-10 10-30 30-50 50-100

& Fractlon of Measurements from each type in ICOADS
' UnK(ipw,

08— Wooden Buckets _

0.6

04 - Canvas Buckets

v

0.2

lllr\l‘llllllllllllll
\

'

&
) : . . _ _.-“ Rubber Buckets
1860 1880 1900 1920 1940 1960 1980 2000

(O’Carroll et al. 2019)

0.0




9

How are the other components updated?

chemistry/aerosols

Surface Obs: SST
sea ice

T1, S1, DP1

T2,S2, DP2

eIA 91epdn

/aaueu eAOD

Ocean bottom

Ocean

biochemistry

Atmosphere and land components are updated via model integration.



Error reduction ratio for T (left) and S (right)
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Benefit of vertical localization for sea surface temperature

(Barthélémy et al., 2024; Wang et al., 2022)



Vertical localisation

(83.19, -42.36)

Vertical layer

e Blue line: correlation profile
e Blue shading: 5-95 percentile
e Dash line: threshold layer in step function

(Wang et al., 2022)



Error reduction ratio for T (left) and S (right)
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CoRea1860+: a long dataset

10.11582/2025.00009
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CoRea1860+: a coupled reanalysis of the climate from 1860 to the present m
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Yiguo Wang
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Climate reanalyses are crucial for studying climate variability, understanding climate processes,

and improving climate predictions. CoRea1860+ is a 30-member coupled reanalysis covering
the period from 1860 to the present, developed using the Norwegian Climate Prediction Model
(NorCPM) with the assimilation of sea surface temperature (SST) observations. NorCPM
integrates the Norwegian Earth System Model with the ensemble Kalman filter data
assimilation method. SST, available throughout the entire period, serves as the primary source
of instrumental oceanic measurements before the 1950s. As a surface-input reanalysis,
CoRea1860+ minimizes artifacts caused by changes in the observation network over time. By
exclusively assimilating oceanic data, it provides valuable insights into the ocean’s role in
driving climate system variability, including its influence on atmospheric and sea ice dynamics.
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An ensemble-based coupled reanalysis of the climate from 1860 to

the present (CoReal860+)
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1ZIE{eIiabiIity: ensemble can quantify the error?
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The system is reasonably reliable!




Ocean variability
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Sea ice extent variability

Sea ice extent anomaly (10° km?)

(a) Arctic SIE in March
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(c) Antarctic SIE in March
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(b) Arctic SIE in September

—— HadISST2.2
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(d) Antarctic SIE in September
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Dalaiden et al., 2023; Goosse et al., 2024; Divine et al., 2024).

Decline from 1940 to 1980 is consistent with previous studies (e.g., Fogt et al., 2022;
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Air surface temperature and sea level pressur
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Offline EnKS

Observations
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® Sequential ensemble smoother update

Smoother analyse
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t—At ¢ . t + LAt (Evensen et al., 2022)
Time

e Past and present observations as ensemble filter

e Future observations via cross-time error covariances

* Numerically cheap

* Tested in Lorenz 1963 (Dong et al., 2023)

* Investigate whether the offline EnKS as post-processing approach can improve long-term climate reanalyses



Twin experiments: monthly T300, SSH and MLD
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Real experiments: Yearly T300, SSH and MLD
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* Smoother reduces both RMSE and total error (i.e., combination of obs and background errors)
* Reliability is not significantly change
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Take-home messages

* Vertical localisation improves the performance of reanalysis
* CoRea1860+:
+ coupled, stochastic (30 mems), continue (one stream, SST assimilation), ...

= no atmospheric data assimilation, coarse resolution, model bias,...

+ reliability, and ocean, sea ice and atmosphere variability

« An offline EnKS technique is cheap and seems promising to improve the accuracy of
the reanalysis.



