Investigating the potential of SST assimilation for ocean state estimation and

Noel Keenlyside'?", Francois Counillon’2, Ingo Bethke?, Yiguo Wang?, Sebastien Billeau'?, Mao-Lin Shen', and Mats Bentsen®

Bjerknes Centre

for Climate Research

Introduction 4. Historical reanalysis 5. Hindcast experiments

Reanalysis is well calibrated with NorCPM __ Global statistics - SST Preliminary analysis of the North Atlantic regions shows NorCPM has marginally better skill
‘* in predicting extratropical SST than the historical simulation. There is also potential to
lv” 4‘%

Decadal climate prediction studies have often implemented using rather crude initialization _ AMSE
approaches. While they have served to demonstrate the promise of decadal climate the Uncetianty () -. - /2.« <. Cnsemble spread oo e ‘W AT ,‘“

o . . . i £ N et W wmmw T " i i i i
orediction, improvements can be achieved through more optimal use of observations and matching RMSE of SST. o \ M e i, predict AMOC at 24N. (Correlation corrlputed against the reanalysis.)
models. Here we apply an advanced data assimilation scheme — the Ensemble Kalman o | Froe run AT A W IR O LT S TN AT L UV Atlantic Multidecadal Index (0-70N)
Filter — to assimilate sea surface temperature anomalies into a climate model. We Analys:gsl s also gntilabsied and Bias — green cashed 21, I ' I Saer oI T IFTIT ]
demonstrate the skill of the system as a reanalysis and also in predictions for the period Siltallols sppliseiel siezlolisk g - 323[ : \\\;Lrj ?
: = 0.6f
1950-2010. RMSE - SST | | O SST §_19_6 g 05 L | \
e """ ’ _- : ' o p AR St —= = - ‘ ,% 19.4 8 0:3: forecas; -
Y & 0.2 persistence
40N W AN e N TP 0.; no-assim
e . y o 012345678 910
2 = N O rC P M 0 . B | | ?  Toso 1960 1970 1980 1990 2000 2010 2020 Lead (yr)
_ _ o R R S ASS- S SSCaNg -, SST averaged over the subpolar North Atlantic (40-60N)
Norwegian Earth System Model + Ensemble Kalman Filter Data Assimilation s a b | | |t et E O & 134 :
§13.2 g'gw | T .
N 13 c 0.7} 4+ 7T T |
Based on the Community Earth System Model Sequential Monte-Carlo method with propagation and : : .. : . ' Pl S s :
version 1 (CESM1) cofrection s Propag Reanalysis constrains upper ocean heat and salinity content in the North Atlantic, North 3122 , 74 YN ggii LT /\-
oo - o . . . 2~ o 0.4
Forecast = Ensemble mean Pacific, and tropical Pacific. Profiles of temperature show good agreement in the extra-tropical 3 12.4 LKA S o3 —forocast
. Z . , ‘ L persistence 1
Forecast uncertainty = ensemble standard deviation North Atlantic down to 2000m. NorCPM — Subpolar gyre temperature §1212 - V' °(‘)0 — “:‘Zss': —
. (V)] _ 1 1 1 1 1 1 J
ESIS uer:lnr?lfer ocrﬂ\fc?\relagtf:eg\?aet?ofsu(zdgatest ge_)full water Correlation EN4 and NorCPM, 1950-2010, detrended wOZﬁ h ek ] gz  'ibs0 1960 1970 1980 1990 2000 2010 2020 Lead (yr)
More information extracted from sparse observations o up p =L 500m ocean temp erature 1 2000 i 2'2 Subpolar gyre index
: - . 3000} — 02 T 086r 1
v g 0.9
. 40°N = 10.5 4000 - i -0.4 % ~0-881° 0.8}
River routing Coﬁfectlon € o9}k c 0.7}
H e ~\ Member1 . ls %0%s0 1960 1970 1980 1990 2000 2010 % _0092- A ' % 0.6 N
% EN4 — Subpolar gyre temperature T o /S A" 7NA g £ 0l 1 \\\
40°S O—7==—=2 = == 0.6 2@ \ Yo -—‘vi‘ ] O 0.3} reeast- T | \’ il
Propagation [ 1000} s 0.4 § -0.96 o> 0.2} |—— pbrs stencel | N
. 02 o -098F 0.(1)- no-assim
80°SW . . . . y 2000 0' 3—, _ , : : | , | | 0o 1 23[13(6)78910
180° 120° 80" ¢ 60" 120° 180° 1950 1960 1970 1980 1990 2000 2010 2020 ead (yr
upper 900m ocean sal/nlty jzzz , o , _ o
NorESM-O is an isopycnic coordinate ocean BoN| | Atlantic Meridional Overturning Circulation index at 24N
model with a bulk mixed layer on top, and is 2050 1960 1970 1980 1990 2000 2010

40°N

based on MICOM

% of observations used in EN4

(o]

= 36 1 T T T

& 5| 09! L1
oz 34_ 0-8' T \ =
S c 0.7 .

o 33t N\
- /\ = 0.6} T

£ M P
i 40 § 3OW 8 0.31 AMOC 24N forecds
3 n Expe rime nts HadISST — Ensemble mean and spread | a ol Y /4 e 3?[ AMOG 24N ﬁﬁii:gg‘iﬁ
representing uncertainty in the reconstructions S | | | S orr | | | | | | | 0 T 5 3 4 5 6 7 8 910
Historical simulation (b) SSTA (GOS—GON) 1960 1970 1980 1990 2000 < 2o 1960 1970 1980 1990 2000 2010 2020 Lead (yr)
* Period: 1860 to 2010 j ' Reanalysis constrains ocean circulation in the North Atlantic. Variations in the strength of the
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