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|. Background

1. KIM Coupled Model
2. Uncoupled and Weakly-Coupled DA
3. Research Objectives




1. KIM Coupled Model

KIAPS developed the Korean Integrated Model (KIM) for a
global atmospheric NWP system, which is operational at the
Korea Meteorological Administration (KMA).

KIAPS is currently developing a coupled atmosphere-land-
ocean-sea ice model for extended-range forecasts.

In the KIM system, the atmosphere (KIM v4.0), ocean (NEMO
v4.0), and sea ice (SI?°) components are coupled using the MCT
coupler, with coupling every hour.

Therefore, we need to provide ocean and sea ice initial
conditions to this KIM coupled model.

% KIM-CPL ~

Physics

precipitation
radiative fluxes Noa h‘MP
U/NV/T/Q/Z at Ist layer

turbulent fluxes
land skin temperature

ocean/sea-ice skin temperature
sea ice concentration
surface exchange coefficient

NEMO sea ice transport ’ S|3

salinity

sea ice freezing/melting

N

Koo et al. (2022)
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2. Uncoupled and Weakly-Coupled DA

* In uncoupled data assimilation (UCDA), the background fields for each DA system come from separate
atmospheric and ocean models, providing uncoupled initial conditions to the coupled model.

 In weakly-coupled data assimilation (WCDA), the background fields for each DA system come from
the coupled model, providing coupled initial conditions to the coupled model.

Uncoupled DA (UCDA) Weakly-Coupled DA (WCDA)
¢ analysis | coupled model coupled model coupled model
ATM background ATM ATM
_ ATM — ATM
model DA AL CPL model DA
analysis l 1 CPL forecast l I background analysis l I
OCN background OCN OCN
—_ OCN — OCN
model DA QL = DA
! | t |

analysis CPL forecast

Ocean
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3. Research Objectives

* When atmospheric and ocean initial conditions are produced by independent DA systems
(i.e., UCDA), inconsistencies at the ocean surface can lead to imbalances in the coupled
model (Lea et al., 2015).

* A coupled DA approach is known to reduce this initialization shock (Mulholland et al.,
2015).

* We have been developing a weakly-coupled atmosphere-ocean-sea ice DA system to
provide more balanced initial conditions to the KIM coupled model.

* This study aims to examine whether WCDA provides improvements compared to using
separate initial conditions for the atmosphere, ocean, and sea-ice.

Ocean
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ll. Weakly-Coupled DA System

1. Atmospheric DA System
Ocean DA System
Components
Weakly-Coupled DA System
Uncoupled DA System
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1. Atmospheric DA System

e KVAR : KIM Hybrid_4DEnVar * Ensemble DA: 50-member LETKF = Deterministic DA: Hybrid-4DEnVar

Ensemble B fraction:
Static background-error covariance 0.7 at equator, 045 at poles
High luti
generated by the NMC method PSS LU L

hybrid- Hiah i
gh res. !

ADEnVar [ RPN _" _"i
!

. High res
Forecast

o i

Ensemble covariance (initial ensemble

from LETKF) I':;:::::::::::::::::::::::::::::_??-: :‘ e \\:

* Incremental analysis update (I1AU) % < l = o<
i Forecasts .

* In this study, we use the 3DVar-FGAT | /) @ ==E)

Lower resolution
method. Deterministic resolution;: NE360NP3 ~12 km
Ensemble resolution: NE144NP3 ~32 km
Analysis resolution: NE144NP3 ~32 km

Operational Atmospheric DA system

Ocean
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2. Ocean DA System

* For ocean DA, we adopted GODAPS (Global Ocean Data Assimilation and Prediction
System), which includes NEMOVAR (NEMO Ocean Variational Analysis).

* Here are the major changes:

1) Surface forcing model: from KMA- %%, e
UM to KIM ssT @ /\

2) DA cycle and window: from 24-hr to rofies & N Analyeis Update
6-hr to be consistent with the ocean | 5 oparator | I
atmospheric DA system o8 |anomaly—»

3) Upgrade of the NEMO version and seaic e Forecast
sea ice model as used in the KIM S— Qualit N [ rmoomay |
coupled model: from NEMO-CICE to Fluxes (KIM)

NEMOA4-SI3

Ocean

Predict




3. Components

* The atmospheric model is KIM v4.0, the ocean model is NEMO v4.0, and the sea ice model
is SI3, with a spatial resolution of about 25 km.

 The DA is performed using the 3DVar-FGAT method and initialized using IAU.

Component Observations Initialization

sonde, surface, aircraft, AMSU-A,

Atmosohere | KIM v4.0 NE18ONP3L91 KVAR MHS, ATMS, 1ASI, CrlS, AMI, IAU
P ' (~25 km) (3DVar-FGAT) | HIMAWARI, MSG, GPS-RO, AMV,
ASCAT ...
In situ SST, T/S profiles, AVHRR,
Ocean NEMO v4.0 eO(Ii(;éOIfnil)JS AMSR?2, VIIRS, AltiKa, SRAL,
NEMOVAR Poseidon-3B, SIRAL IAU

ORCA025 with 1 (3DVar-FGAT)
3 e with 1-snow
>ea lce > and 2-ice layers (~25 km) SSMIS

Ocean
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4. Weakly-Coupled DA (WCDA) system

* In WCDA, the background fields for each DA system come from the coupled model.
* The coupled model is also used as an observation operator for NEMOVAR.

* The NEMO IAU was matched with KIM. That is, the analysis increments of KVAR and

NEMOVAR are provided to the coupled model, and IAU and forecasts are performed as
KIM and NEMO are coupled.

coupled model coupled model -03 00 03 06 092
coupled KIM background increments
Y » KPOP — I— KIM KVAR :?". KIM
__E_______________é_i increment
coupled model i  NEMOVAR ..... E
NEMO NEMO obs NEMO 1 N ;.INEMO

> — — ¥ Vi incrempnt
-S|3 coupled NEMO QC operator VAR increments Vi :
T background - : g i

(IAU + FCST) L coupled modgl R
CPL forecast IAU FCST
Workflow for WCDA system Cycles for WCDA system

KIM : Atmospheric Model
KVAR : Atmospheric DA system

NEMO : Ocean Model ocea n

In partnership with

NEMOVAR : Ocean DA system .
IAU : Incremental Analysis Update Pred I Ct

FCST : Forecast



5. Uncoupled DA (UCDA) System

* The KIM-only model forecast is used as the background field for KVAR, and the NEMO-only
model forecast is used as the background field for NEMOVAR.

* From -3 to 3 hours, IAU is performed, and the atmospheric and ocean analysis fields are
provided as initial fields to subsequent the coupled model forecast.

OSTIA -033 O|0 03 06 09 VA

analysis coupled model KVIAR :

= _— . KIM IAU + FCST k

ackgroun > KPOP B analysis KIM |

NEMOVAR S

. > ___NEMOIAU . NEMOFCST _

KIM forc'”gl CPL forecast i g

3 i~ KIM '

O NEMO _  obs : analysis
% background QC operator analysis :.__'::'_'::é coupled model F:CST

© T analysis | : NEMO :

analysis
Workflow for UCDA system Cycles for UCDA system

ecade
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ll1l. Results

1. Experiments

2. Initial imbalance

3. Ocean assessment

4. Atmosphere assessment




1. Experiments

* We conducted experiments to assess the benefit of WCDA.

UCDA (Control) WCDA (Experiment)

Atmosphere-only DA with OSTIA SST/Sea ice
DA Atmosphere-ocean coupled DA
Ocean-only DA with KIM forcing

Coupled forecasts with initial conditions from Coupled forecasts with initial conditions from

FT uncoupled DA coupled DA
DA windows -03 ~ 03h (6 hours)
IAU -03 ~ 03h (6 hours)
Periods 20220616T12Z ~ 20220731T18Z (5-day forecast at every 00 UTC)
initial for cycle ATM/Land ERA5, OCN/ICE NEMOV3.6 restart

Ocean

In partnership with
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2. Initial imbalance

* In WCDA, SST comes from the coupled NEMO, while in UCDA, it comes from OSTIA during
|AU. Therefore, in UCDA, SST is not continuous in both IAU and the coupled forecast.

 WCDA shows a smaller initial temperature difference between the atmosphere and ocean.

* WCDA seems to give more balanced initial conditions for the coupled model.

18.2 Pifferer:ce
4 —e—UCDA —=—WCDA

¢y 180
$ -
5 e 8 —————— —e o o
< 179 — ——¢
o
O]
©

Min=-8.86, Avg=-0.23, RMSD=0.44, Max=8.13
L

178 -
17.7 -
. IAU CPL FCST
17.6 \ \ | [ \ | [ \ | \ \ 0 30E 60E 90E 120E 150E 180 150W 120W 9OW 60W  30W
B2 0 12 8 45 67 B zood INEIIINT T T 11 [ | [ IR b
forecasting time (hours) -06 -04 -02 00 02 04 0.6
SST timeseries for the atmospheric analysis and forecast RMSD difference (WCDA-UCDA)

X RMSD calculated from KIM 1000 hPa T and NEMO SST

Ocean

In partnership with

Predict




3. Ocean assessment (Analysis)
* For the ocean analysis, the SST bias of UCDA and WCDA are nearly identical.

 However, 25-m ocean temperature in UCDA shows a larger warm bias in the East Sea and
the Sea of Okhotsk compared to ORASS5, while WCDA shows much smaller bias in these
regions, resulting in a smaller RMSE.

(a) Ocean temp bias in UCDA (b) Ocean temp bias in WCDA (c) RMSE DIFF (WCDA-UCDA)

S 20220701_20220731 min=-7.206 max=11.114 avg=0.120 [degC] —— 20220701 _20220731 min=-8.291 max=9.558 avg=0.049 [degC] .., 20220701_20220731

min=-6.164 max=5.439 avg=-0.017 [deg%]o
-~ e _ e S 4 . e = it 2= N . . s e o = = . bad
60°N BN e 60°N = 60°N s =
PN < \) 2 X
% § £ ey 2= 2R % 3 G s % S Py IRty : g f -
S B g S R T N 2 % 2 . S ; & i 2 : e
30on{ & PRI L —e . 30°N A R f 30°N : ’ |
: — > o o x D 2 o . : A S :
', " {ﬁ’& -t NG 9 & 0’% 40 R ¥ 3 (}/% B S,
0°4 (2 - -] 0 0° 1% g s . ~J| ro 0° 13 R s -] = i
3 . Troes B . Twes i SR .
0 Sz O Q - d Q- N &
30°S A K i ) 30°5 A || 30°5 4 € ) -
S - - 44 : -2 -
Boigen o P ! ] ) By s 3 2 PLEET Aok T S A ] f f\ 23 g i, ] f 1.0
&) : =53 = P 60°S i = 60°S 1
5
-4 -4
w w good
90°S T r r r T : - 90°S + ™ ™ i T - T T 90°S r r r - T T . 0
0°E 45°E 90°E 135°E 180° 135°wW 90°W 45°W 0°E 45°E 90°E 135°E 180 135°wW 90°W 45°W 0°E 45°E 90°E 135°E 180° 135°wW 90°W 45°W

25-m ocean temperature bias between ocean analysis and ORAS5
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3. Ocean assessment (Analysis)

* |In the surface zonal current, UCDA shows a negative bias at the equator.

* In WCDA, this negative bias is reduced, resulting in a smaller RMSE.

(a) Zonal current bias in UCDA (b) Zonal current bias in WCDA (c) RMSE DIFF (WCDA-UCDA)

20220701 20220731 min=-1.473 max=1.580 avg=-0.009 [m/s] 90°N 20220701_20220731 min=-1.477 max=1.330 avg=-0.008 [m/s]1 56 .., 20220701_20220731 min=-0.490 max=0.568 avg=-0.003 [m/s]
90°N = 1.00 2
-— = = = e -
S & ¢ = 0.4 bad
60°N 60°N = K
30°N % 30°N |
0° 1 0° 0.0
30°S 30°S -0.2
5 s v . S
60°S 60°S °S 3 i
-0.4
w good
90°S - - . - - ; . 90°S -1 90°S
0°E 45°E 90°E 135°E 180° 135°W 90°W 45°W 0°E 45°E 90°E 135°E 180° 135°wW 90°W 45°W 0°E 45°E 90°E 135°E 180° 135°wW 90°W 45°W

surface zonal current bias between ocean analysis and ORAS5
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3. Ocean assessment (Analysis)

e The analysis RMSE in WCDA gets smaller over time for temperature and salinity.

e For sea surface height, the RMSE in WCDA stays low.

—eo— UCDA
—e— WCDA
(a) Ocean temperature (b) Salinity (c) Sea surface height
000000 = e UCDA 0.0021 o UCDA 0.0020 T UCDA
—— WCDA | o —e— WCDA —e— WCDA
g ’ —e— El — 0.0016 |
ﬁ 0.0066 M & DRIIPEINENPES LTEJ
E \\/\./ g % 0.0014 W\—f"‘
o 0.0064 o %m

022-07-15 2022-07-31 20220700  2022:0715 -07-15
Date Date Date

OCea.n
Predict
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Bias

RMSE

3. Ocean assessment (5-day forecast)

 We compared the SST from 5-day ocean forecasts with in situ data.
 WCDA has a lower bias and RMSE than UCDA.

(a)

Argo

—e— UCDA (0.01)

FCST 120H SST bias(argo) e WCDA (-0.04)

Bias and RMSE of global mean SST 5-day forecast compared to in situ data

( b) FCST 120H SST bias(moored_bouy)

Moored buoy

—e— UCDA (-0.13)

(C) FCST 120H SST bias(drift_bouy)

—e— UCDA
—eo— WCDA

—e— UCDA (-0.05)
| —e— WCDA (-0.14)

Drift buoy

Predict
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4. Atmosphere assessment (Analysis)

 Compared to IFS, air temperature analysis in UCDA has a cold bias in the Southern
Hemisphere and a warm bias in the North Pacific.

 WCDA shows generally higher temperature than UCDA, resulting in a lower RMSE in the
Southern Hemisphere .

(a) Air temp bias in UCDA (b) Air temp DIFF (WCDA-UCDA) (c) RMSE DIFF (WCDA-UCDA)

Air temperature Ave=-0.002, Min=-10.022, Max=12.146 RMSD= 0.403, Min=-9.411, Max= 8.145 Ave=-0.016, Min=-8.036, Max= 7.100
90N

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W  30W 0
B [ [ [ good NN | | | | [ [N bad
-14 -1.05 -0.7 -035 O 035 07 105 1.4 1.4 -1.05 -07 -035 0 035 07 105 1.4 -1 -075 -05 -025 O 025 05 0.75 1

Analysis difference of 1000 hPa air temperature between KIM and IFS.
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4. Atmosphere assessment (Analysis)

* The eastward wind in UCDA shows a positive bias over the tropical Pacific.
* While WCDA reduces this positive bias, resulting in a lower RMSE.

(a) U-wind bias in UCDA (b)  U-wind DIFF (WCDA-UCDA) (c) RMSE DIFF (WCDA-UCDA)

U-wind Ave= 0.005, Min=-17.027, Max=13.631 RMSD= 0.165, Min=-4.013, Max= 8.753 Ave= 0.016, Min=-3.754, Max= 4.406
90N = 90N

60N —| G £e=" 60N —

30N —

0

30S

608 —. 2

e L B B . B B L B B B

0  B0E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0  30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0
L e | " NEEpEEs. B good NN | [ | [ [ [T bad
-1.4 -1.05 -07 035 0 035 07 105 14 -14 -1.05 07 035 0 035 07 105 1.4 -1 -075 -05 -025 0 025 05 075 1

Analysis difference of 1000 hPa eastward wind between KIM and IFS.
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4. Atmosphere assessment (5-day forecast)

e 2-m air temperature forecast in UCDA also shows a warm bias in the North Pacific.

 WCDA predicts lower 2-m temperature in this region than UCDA, which helps reduce RMSE.
* It also reduces the positive bias in 2-m specific humidity, resulting in a lower RMSE.

(a) 2m air temp bias 5 2m air temp DIFF 2m air temp RMSE DIFF 2m humidity RMSE DIFF
in UCDA (b) (WCDA-UCDA) (c) (WCDA-UCDA) (d) (WCDA-UCDA)

90N min: -16.447, max: 13.914, avg: -0.112 GLOB 90N min: -4.132, max: 4.937, avg: -0.021 GLOB goN min: -5.377, max: 5.379, avg: -0.008 GLOB bad 50N min: -3.721, max: 3.175, avg: -0.011 GLOB bad
R | et o 0 i 1i2 -, 2 ; 152
> % 4 (@ e e > ¥
60N | G % 0s OON {GEATEL : 2 b
IS TRk e 06 AR 06
SON | R e 0.4 30N A1 04
L D " b
s 0.2 ; 0.2
A i 2B 0.1 R 01
0 201 0 "| -0.1
¥, 0.2 1 -02
30S 1 W 04 308 { 0.4
-0.6 -0.6
60S + '9&8 B0S fut o s B '?f
g 2 1.2 | - = 1.2
908 - e —— (I ——— S - 908 . . . . . . . . . . .
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Summary & Plan

* In this study, we confirmed the possibility that WCDA can provide more balanced initial
conditions to the coupled model compared to UCDA. It appears that WCDA has a positive
impact on prediction performance as well.

* Through this study, we were able to confirm that in WCDA, the ocean and air temperature,
winds, and currents influence each other. So we plan to study more deeply the impact of
WCDA on the interaction between the atmosphere and ocean.

* We are continuing our experiments. So we will analyze results over a longer period and
examine cases related to typhoons.

* In the future, we should consider tuning the error covariances and optimizing KVAR and
NEMOVAR for the coupled model. These efforts are expected to lead to performance
improvements.
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Atmosphere assessment (Analysis)

 WCDA shows a general decrease in the temperature bias compared to UCDA as lower
atmospheric temperatures rise, but the bias increases in the lower Arctic region.

 WCDA shows an increase in water vapor in the lower atmosphere of the tropical region,
resulting in a larger RMSE than UCDA. The GPH RMSE decreases in the lower and upper
atmosphere but increases in the middle atmosphere.
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Atmosphere assessment (Forecast)

* In WCDA, the temperature RMSE increases in the lower atmosphere over the Arctic region
but decreases around Antarctica.
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