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Development of data assimilation system to construct
an interannual sea-ice prediction system using

dynamical sea-ice model
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I. Title

Development of data assimilation system to construct an interannual

sea-ice prediction system using dynamical sea-ice model.

II. Purpose and Necessity of R&D

Arctic sea-ice variability which is used for prediction indicator of
climate change affects significantly polar region and mid-latitude
climate. However, predictability of the Arctic sea-ice extent using
dynamical sea-ice-ocean coupled model is low, because understanding
about intialization scheme for sea-ice variables lacks. Successful
initialization of = sea-ice’ variables = guarantees improvement of
predictability for the climate and Northern Sea Route. In this study,
nudging data assimilation scheme ' based initialization system is
developed for the dynamical sea-ice model.

III. Contents and Extent of R&D

O Development of the nudging based initialization scheme using a
dynamical sea-ice model

The sea-ice dynamical model(CICE5) is built, and reanalysis data for
sea-ice concentration and thickness is retained. Subsequently, the

nudging based initialization system is developed.

O The calculation for background error covariance of sea-ice to
develop EnOI scheme.

The prognostic variables are figured out and the seasonality of key
sea-ice variables is understanded. And, background error covariance of
sea-ice is calculated to construct EnOI scheme.



IV. R&D Results

The sea-ice initialization system for dynamical model is developed, and
produces the initial condition of sea-ice variables. The hindcast
experiment with the initial condition produced in the sea-ice
initialization system is performed. It is showed that improvement of
sea-ice area predictability compared to control test and predictability
with correlation coefficients of 0.5 or more from the prediction start to
5-months in correlation analysis of sea-ice concentration. The result of
calculation for background error covariance of sea-ice variables showed
that seasonal data assimilation approach to sea-ice variables is needed
and that background error covariance of sea-ice concentration has a
great difference in regional characteristics.

V. Application Plans of R&D Results

By developing a prediction system for an Arctic Ocean, it is possible to
improve the predictability of sea-ice in the Arctic Ocean.
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CICE(Los Alamos Sea-lce Model) v5.1
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Resolution(space/ti ]
Units

Data Variables )
me
10m air density kg/m"3
10m specific humidity kg/kg
NCEP/ Om sea level pressure T62 grid/ Pa
NCAR 10m air temperature 6-hourly Kelvin
10m U wind m/s
10m V wind m/s
L T62 grid/
GCGCS Precipitation mm/day
monthly
GISS Downwelling shortwave flux T62 grid/ W/m™2
Downwelling longwave flux daily W/m™2
NOAA
Sea surface temperature . . . Celsius degree
OISSTv2 1/4°%1/4° grid/
NOAA i
Sea-ice concentration daily %
OISICv2
360°x120°
PIOMAS Sea-ice thickness (45°N790°N)/ m
monthly
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Correlation QISST—CICE

{b) FEB fe) MAR (d) PR

(e) May [g) (R) BUG

() ocT [k NOW

=zt=I0days

B T [ [ [T
-0.9-0.75-0.6-0.45-0.3-0.150.15 0.3 0.45 0.6 0.75 09 >

g 4. AEA A= (0ISST.v2)¢k i &% 27|38t 3 43209 ¢3hA
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Carrelgtion CISIC—CICE

{a) JAN (b) FEB fe) MAR {dy APR
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SIC Nudging Test

Seq lce Extent(x1046 km2)

6 — OI5I0W2
—pusic=Zdays
nusic=1ldays

4 —— (Ugic=0,25days
Control
2
¢ 3 3 7 5 ; 7 3 5 0 T 12
Month

a" 7. Y T 2718 8 A ek e M A0 km?) 7158 AAIYE
AAA NS AR AR(OISICy2), e AL FEAD, A A g A
= ZH7F 29, 14, 025€4(6#1%h) 9] ks Sz 278 9 A9E %
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Correlation OISIC—CICE

(a) JAN (b) FEB (¢) MAR (d) APR

(e) MAY {h) AUG
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st 28 (CICES.1D) 3% F7(Sea Ice Thickness) ¥
7 AR= € Hi A5< PIOMASE o] &
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=, & W FA= w5 (Prognostic variable)7} obd 2 e 2= (Diagnostic
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Correlation PIOMAS—HI
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(e) MAY {f) JUN (q) JUL (h) AUG

(i) SEP (k) NOV () DEC

hi=45days

T 1 T s
—0.9-0.75-0.6-0.45-0.3-0.150.15 0.3 Q.45 0.6 0.75 0.9 >

%9, A AR(PIOMAS)e 7helae] W ) F4 =7]3t +3 A3(45
A AR S A € A3 AL Period: 1990.01.0172008.12.31,
Plane projection: 50°N~90°N.
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Correlation OISIC—CICE

{a) JAN (b) FEB (2) MAR (d) APR
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(k) NOV {1) DEC
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I I I I I
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Plane projection: 50°N~90°N.
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Initialized variables

Sea Surface Temperature, °C

- Nudging time-scale: 20 day
- NOAA DISST Reanalysis(v2), daily on 1/4° grid. SST

Sea Ice Model — _
(CICE 5.1) Initial Condition

Sea Ice Concentration, %

- Nudging time-scale: 0.25 day(6-hours)
- NOAA OISIC. Reanalysis(v2), daily on 1/4° grid. SIC

Sea Ice Thickness, m -
Atmospheric
- Nudging time-scale: 5 day Forcing Data
- PIOMAS Reanalysis, monthly on 360x120(45°N"90°N). SIT

- Sea-ice thickness is nudged as each of the categories. Atmospheric forcing variables

Ho tot = (Hmad car + 5H1) + (Hpnod caz + AH2) + - + (Hyod cas + AHs) D10(10m sir denity, ke/ma3)
0_10{10m specific humidity, kg/ke)
| B SLP(Om sea level pressure, Pa)
AHy= {Hpimas tot — Humod m) x (M T_10{10m air temperature, Kelvin)
- - Hmod_rat

U_16(10m U wind, m/s)
V_10{10m V wind, m/s]

Hunod caz =

_caZ 'day)

AHo=(H.. —H % 5 PREC{precipitation, mm/day}

2z ( piomas_tot "'“‘U"") B SWDN(downweliing shortwave flux, W/mA2)
- LWDN(downwelling longwave flux, W/mA2)

oy 12, Y A=mEst Al2=" sl (Verl). 2718 W4+ slaW = %=(0ISST.v2,
AR 209), W T E=(0ISIC.v2, $H3bA|ZEFE 6A1%h), ZHelate] 9 sy
A(PIOMAS, €3A12t5E 59). th7] Z A8 COREv2 AR E o]&. %73 43
Az 27120S dA.
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Sea—ice thickness correlation
(b) FEB

(c) MAR

-09 -0.75 -06 -045 -0.3 -0.15 0.15 03 045 06 0.75 09 >
a9 13, AA A= (PIOMAS)eF 3l A as3t Al ]l 2347
A FA €Y A,

N~90°N.

= 71—3.‘?’]"04
Period: 1990.01.0172008.12.31, Plane projection: 50°
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Sea—ice concentration correlation

(b) FEB (c) MAR

a9 14, A4 AE(OISIC.v2)9F sl s Fst Aladl Ml R4 2
o W F= € @A, Period: 1990.01.0172008.12.31, Plane projection:
50°NT90°N.
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(b)

B> H
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Bias of the initial condition

Sea Ice Concentration(%) Sea Ice Thickness(m)
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Seo—ice extent climatology

Seo lce Ewlani(+108 km2 )

—— (|50 0% reanalysiz
z . S20-ice iniliglizolion werz
— Control(only gimospherie chl‘ng‘]

Ewl.li'lN FEB AR AP WA JUN JUL ALIG SEP ner N DEC

Menih
a9 16 B3 A WAk 1FE AAD A48 Ae AN AR
(OISIC.v2), 3heha) Al 2%, Tresn Wz Ao o 2718 A28 sl

o] A& Al Period: 1990.01.01.72008.12.31
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Initial Condition

Initial Condition Initial Condition
1990.09.01 1991.09.01 2007.09.01
\l/ 1year \l/ 1year \l/ 1 year
> > EEE >
1990.09.01 1991.08.31 1991.09.01 1992.08.31 2007.09.01 2008.08.31
a2 17, 1A o &AH £319] JjQ. o|&7]7F 1990.01.01~2008.08.31. AE7|7F: 14 (o
94 1¥~th5sl 8¢ 31%).

_37_



SIC Correlation caoefficiant
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SIA Correlation coefficient
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