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ROLE OF INITIAL DYNAMIC ADJUSTMENT AND SYSTEM ERRORS

REGIONAL BENEFITS AT INTERANNUAL-TO-DECADAL TIME SCALES

CONCLUSIONS
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1. INTRODUCTION
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1. INTRODUCTION

INITIALIZATION METHODS
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1. INTRODUCTION
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in Arctic Frontiers, 2018; Blanchard-Wrigglesworth et al.,
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1. INTRODUCTION

A CHANGING ARCTIC

Regime shifts in predictability
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September ~*5 Arctic sea ice

Open Ocean

’ Data from NSIDC
““Copy from Twitter 2020-10-5@ed_hawkins
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1. INTRODUCTION
Aim of this work

» Added value of initializing new components/variables, e.g. ocean T&S, SIC and SIT, by sensitivity experiments

» Does the added value of SIT initialization change as MYl is reduced in the Central Arctic

DECADAL PREDICTABILITY ANOMALY INITIALIZAITON ARCTIC SEA ICE
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2. DECADAL HINDCASTS WITH EC-EARTH3-CPSAI

B EC-Earth3-CPSAI B CMIP6 dcppA-hindcasts (Boeretal., 2016) B Forecast anomalies
EC-Earth3 Climate Prediction System with Anomaly /Start yearly on November 1%, 1979-2017 (1997-2016)
Initialization Each runs 2 months & 10 years long Y1:init. 1996-2015
Atm: IFS cycle 36r4 in T2550L91 REF: anomaly init with 5 sets of ocean and seaice ICs Y10: init. 1987-2006
Ocn: NEMO3.6+LIM3 in ORCA1L75 full-field init with ERAI atm ICs
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Representing NH SIE and SIV reasonably well

£
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(REF from ORASS5, OBS from NSIDC/PIOMASS;
Chevallier et al., 2017; Tietsche et al., 2018)
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2. DISTRIBUTE CORRECTED SEA ICE STATES to 5-CATEGORY WITH LIM3

L
A a,y) = Y01 (wy).
=1

weight(" (z,y) = gi" (x,y,tn) /A" (x,y,tn).
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91 (x,y) = weight{™ (z,1) A" (x,y).
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Weight function region-dependent

SIV (SIC*SIT)
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2. SENSITIVITY EXPERIMENTS WITH EC-EARTH3-CPSAI

Anomalies on initial dates
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S

3. IMPRINT OF INITIAL CONDITIONS IN FIRST WINTER (M2-4)

AlO (ocn) Al1 (AI0+SIC) A2 (AI1+SIT)
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80 90 v0 <20

Kara (AlO and Al2)

“ MIZ: suffering from cold bias with excessive sea ice (local bias>anomaly), assimilating SST performs best, e.g. Hudson, GIN and BS
FYI: correcting SIT may reduce the bias in other variables, e.g. SIC (Kara), but not vice versa;
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(Chevallier et al., 2016, Kimmritz et al, 2018; Xie et al., 2018; Dai et al., 2020)
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3. CORRELATION DROPS BEFORE FIRST SUMMER
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*Thin lines represent the upper/lower bounds of the 95 % confidence
intervals obtained with a t-distribution for ACC and a x2 distribution for RMSE
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(Xie et al., 2018)
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3. ROLE OF INITIAL DYNAMIC ADJUSTMENT AND SYSTEM ERRORS IN EC-EARTH3 CPSAI

“ Initialization shocks not evident from Y1: the readjustment between surface ICs within the first few weeks (cruz-Garcia et al., 2021).
Model biases showing strong seasonal cycles: smaller in winter but much larger in summer

Forecast errors are first attributed to the initial shocks, and then dominated by model inherent bias in summer.
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Steeper declines in FREE1 than REF in Y1-5 & Y6-10

(Cruz-Garcia et al., 2021; Volpi, et al, 2017)
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4. ORIGIN OF DECADAL PREDICTABILITY (Y2-9)

(c)

Al1 (AI0+SIC) A2 (AI1+SIT)

uone|a1i09 Ajewouy

@)
n o
(00}
=
S
N
H SIC .
FYI: Pacific/Atlantic ARC waters E o [
W SIT o I
Moving from CAO (MYI) to P. ARC (FYI) o
=
H T2M >
Following improved SIC (FYI) & o

M

expanding over land

tian@dmi.dk




ROLE OF SEA ICE INITIALIZATION ON ARCTIC DECADAL PREDICTION SKILL BLUE ACTION CLIMATE COFFEES

4. LINKI NG MYI TO A. ARC (TH IN FYI) covered by thin ice (<1m); SIE varies with interannual variability of the Atlantic ocean heat transport and

is strongly modulated by local wind patterns (Tietsche et al., 2018; Bliss et al., 2019)”
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“The Pacific heat inflow in summer and the Siberian High in the ice-growth months are more important than the

4. LINKI NG MYI TO P. ARC (TH ICK FYI) Atlantic inflow (Tietsche et al., 2018). FREE tends to produce too thick ice in winter and too slow melting in summer.”

. AIDJFREE ESS AlI1/FREE: ESS 2/FREE: E55
winter SIC 9 s s
8 8| % 0| | N 8
H 7 7 X | X | X T
Fully ice-covered O .. o | -:_ o
(Vp] gs %‘5_ _ ] = x| = %‘5_ x L
Yy | Balx Y
B AIO: slower IC adjustments X | o B ome B R f,‘!; o
Improved SST versus winter SICin Y5 AIO/FREE: ESS ‘ " mFReEEss ‘ " mzrreeess O
9 9l x % |x[x][x|x . g.-* s [ | x. x = o)
8 B> [ 2] x| x| x|x|x|x x| X 8 | x|x oo o] .| . o | (%
7 7 x| x 7 |X - . |- .| 8 m
B AI2 lag of 12months =i B¢ g Bl o of |8
a9, .ang q By B4 o T g, — =
Local initial sea ice (Al1=Al2) : ; | : T S |8
2 2% x| XX [X|X|0o|» 2 o le e Ul =
Added skill in summer SIC and SST Y1- ) 1x[x]x : 1 ol [®
AIO/FREE: ESS ) " MUFREE:ESS ] " AIZ/FREE:ESS =
Y2 and SIT in Y2-Y3 ° 9 : J o
8 8 8 i N
7 7 7 X | X | X |X X | X
. . . oy 56 56 =6 b5 O
remote origins driven by advective processes or (7)) N 2, R : . ul
winds (Guemas et al., 2016). ol 34 Ba Balx|x L
3 3 3 x | x| x| 2| x
2 2 2
1 1 + el |
Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct

tian@dmi.dk 16



ROLE OF SEA ICE INITIALIZATION ON ARCTIC DECADAL PREDICTION SKILL

BLUE ACTION CLIMATE COFFEES

5. CONCLUSION

MIZ (thin FYI)
Winter SIC
Atlantic inflow (BS)
for a decade

MIZ
bias versus anomaly
Degraded (too much ice)
Improved (too little ice)
First few years

Thick ice
Best in total SIV
MYI: Arctic outflow
FYI: retreat of MYI
First few & reemerging

I SIT INIT EFFICIENTLY CONSTRAINS SIV OF CAO-MYI, WHICH IN TURN CONSTRAINS THE EXPANSION OF POLARWARDS
SEA ICE RETREAT IN SUMMER AND IMPROVES SIC SKILL (FYI)
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* TO UNDERSTAND HOW ARCTIC SEA ICE MELT COULD AFFECT NH CLMATE

DJF MSLP AC: Y[2000-2019]-Y[1980-1999]

JJA MSLP AC: Y[2000-2019]-Y[1980-1999]
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| Pressure change over the Arctic can alter atmospheric circulations
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