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Abstract

In this study, the accuracy of the two ocean analysis data, which are
produced from the Korea Meteorological Administration (KMA) Nucleus for
European  Modelling of the  Ocean/Variational  Data  Assimilation
(NEMO/NEMOVAR, hereafter KMA NEMO) system and the United States
(US) HYbrid Coordinate Ocean Model/Navy Coupled Ocean Data Assimilation
(HYCOM/NCODA, hereafter US Navy HYCOM) system, was evaluated using
various oceanic observation data from March 2015 to February 2016. The
evaluation was made for the water temperature in the tropical Pacific, the
western North Pacific, and the Korean peninsula. Overall results reveal that
the KMA NEMO generally outperformed the US Navy HYCOM in the three
regions. Particularly, for the Tropical Atmosphere Ocean project (TAO) buoys,
the accuracy of the KMA NEMO for both the sea surface temperature and
vertical water temperature profile was about two times higher than that of
the US Navy HYCOM. For the Japan Meteorological Administration
(JMA) vessel observation data in the western North Pacific, which were not
used for data assimilation, the RMSE (Root Mean Square Error) of the KMA
NEMO profiles up to 1000m (0.49°C) was much lower than that of the US
Navy HYCOM (0.73°C). For the KMA Ocean buoys around the Korean
peninsula, the errors of the two models were large in the winter and small in
the summer, but their differences in RMSE were small (NEMO, 0.61°C;
HYCOM, 0.72°C). The differences in the accuracy between the KMA NEMO
and the US Navy HYCOM for the water temperature may be attributed to
horizontal and vertical resolutions of the models, vertical coordinate and
mixing scheme, data quality control system, data used for data assimilation,
and atmosphere forcing. These findings can be used as basic information

before the KMA NEMO becomes the operational model of the KMA, which



provides real-time ocean analysis and prediction data for regional ocean

modeling and typhoon—-ocean coupled predictions.

Key words: NEMO, HYCOM, ocean analysis data, accuracy, water

temperature
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Table 1. Comparison between the KMA NEMO and the US Navy HYCOM for

grid system and resolution, data assimilation method, atmospheric forcing, vertical

coordinate and mixing

method.

schemes

and air-sea flux exchange parameterization

Ocean Model

KMA NEMO

US Navy HYCOM

Grid system & Resolution

ORCA 0.25° L75
(Madec, 2008)

Uniform 0.08° 140
(Bleck et al., 2002)

Assimilation scheme

3DVAR
(NEMOVAR, Mogensen et
al., 2009)

3DVAR
(NCODA, Chassignet et al.,
2007)

Atmospheric forcing

KMA-NWP Nb512 3hourly

NAVGEM v1.3 T425L50

lhourly

Vertical coordinate

Geopotential levels using the
DRAKKAR 75 level set
(Bernie et al., 2005)

Hybrid (Halliwell, 2004)

Vertical mixing scheme

Turbulen Kkinetic energy
(TKE) scheme
(Gaspar et al.,, 1990)

The K-Profile
Parameterization (KPP, Large

et al, 1994; 1997)

Flux exchange

Bulk formula

Bulk formula




Table 2. Types and sources of data assimilated in the KMA NEMO and the
US Navy HYCOM.

Source
Type
KMA NEMO US Navy HYCOM
NOAA-18, NOAA-19,
MetOp-A, MetOp-B,
Satellite SST NOAA-18, MetOp-B GOES-13, GOES-15,
MeteoSat-9, Suomi—-NPP
VIIRS, COMS-1
Ships, Drifting buoy, Fixed Ships, Drifting buoy, Fixed
In situ SST
buoy buoy
Satellite altimeter Jason-2, Cryosat-2 Jason-2, Cryosat-2, SARAL
DMSP-F13, DMSP-F14,
Sea ice concentration OSI-SAF DMSP-F15, DMSP-F16,

DMSP-F17, DMSP-F18
Fixed buoy, Argo, XBT,

Fixed buoy, Argo, XBT,

Profiles TESAC (CTD), Drifting
TESAC (CTD)

buoy
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Fig. 1. Locations of (a) TAO buoy, (b) JMA vessel observation line and
(c) KMA ocean buoy.
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Table 3. Locations and observation periods for the six JMA vessel observation

lines.
St Location Observation Period
i Start End

o hatitude tongitide Ly yyMM/DD]  [YYYY/MM/DD]
Line A 24.0°N 129.5-142.4°E 2015/04/18 2015/04/23
Line B 40.0°N 143.0-162.3°E 2015/05/14 2015/05/22
Line C 3.0-33.6°N 137.0°E 2015/06/21 2015/07/13
Line D 1°5-35.0°N 165.0°E 2015/07/23 2015/08/16
Line E 24.0°N 140.2-165.0°E 2016/02/25 2016/03/04
Line F 13.0-25.8°N 149.0°E 2016/02/06 2016/02/11
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Fig. 2. Comparisons between the KMA NEMO and the US Navy HYCOM
for mean (a) Bias, (b) RMSE and (¢c) R at each TAO buoy. The black and

gray lines represent NEMO and HYCOM, respectively.
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HYCOM (gray) for mean Bias (dashed line) and RMSE (bold line) at each
TAO buoy, which are estimated according to depth wusing vertical

temperature profile.
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Table 4. Comparisons between the KMA NEMO and the US Navy HYCOM for
the mean RMSE, Maximum RMSE, and depths with the maximum RMSE

estimated using the TAO buoy data.

Depth with Max.

Max. RMSE
Buoy Mean RMSE [°C] . RMSE
Number ol [m]
NEMO  HYCOM NEMO HYCOM NEMO HYCOM
1 0.23 0.72 0.51 1.30 100 100
2 0.55 0.73 1.18 1.83 75 50
3 0.33 0.86 0.72 1.67 150 200
4 0.39 0.94 1.09 2.58 100 100
5 0.35 0.98 0.98 2.60 120 120
6 0.36 0.84 1.11 2.40 150 150
7 0.46 0.77 1.02 1.71 150 150
8 0.48 0.74 0.94 1.53 200 200
9 0.41 0.61 0.81 1.18 200 200
10 0.54 1.01 1.01 2.03 100 100
11 0.45 0.79 0.94 1.65 125 125
12 0.36 0.63 0.67 1.50 100 125
13 0.36 0.55 0.65 1.11 125 100
14 0.37 0.54 0.65 0.92 200 200
15 0.40 0.75 0.91 1.63 150 150
16 0.49 0.58 0.90 1.15 200 200
17 0.38 0.83 0.80 1.93 30 100
18 0.26 0.66 0.87 1.79 120 120
19 0.22 0.62 0.60 1.52 180 140
20 0.23 0.68 0.62 1.53 200 200
21 0.25 0.55 0.70 1.24 200 150
22 0.32 0.72 0.68 1.42 200 200
23 0.18 0.44 0.40 0.87 180 180
24 0.26 0.48 0.44 0.76 200 200
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Fig. 6. Comparisons between monthly mean SST estimated using eight TAO
buoys located at Nino 3.4 region and model-simulated mean SST at the same
locations from March 2015 to February 2016. The black and gray lines
represent NEMO and HYCOM, respectively. The open circles present the
TAO buoy.
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Table 5. Comparisons between the KMA NEMO and the US Navy HYCOM
for the mean RMSE, Maximum RMSE, and depths and bias when RMSE is
the maximum, which are estimated using the JMA vessel observation data

from surface to 1000m.

Bias with Max. Depth with Max.
Mean RMSE [°C] Max. RMSE [°C]

Cruise RMSE [°C] RMSE [m]
Line NEMO HYCOM NEMO HYCOM NEMO HYCOM NEMO HYCOM

Line A 034 065 073 157 030 061 78 62
Line B 073 08 319 28 021 061 51 63
Line C 079 127 13 204 002 040 227 3%
LineD 052 059 193 160 007 020 163 181
Line B 028 057 102 166  -015 -056 103 104
Line F 028 044 073 128  -015 049 112 113
Average 049 073 149 184 013 048 123 151
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Fig. 7. Same as in Fig. 5, but at the six JMA vessel observation lines.
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Fig. 8. Distributions of (a) vertical water temperatures along the JMA
vessel observation line A from April 18 to 23 2015, and their differences

with (b) KMA NEMO and (c) US Navy HYCOM.

_26_



(a) Temp. (JMA) along Lme B

Depth [m]
(&)}
3

1000

(b) Diff. (NEMO minus JMA)

Depth [m]
(&)}
3

1000 .
’ (C) Diff. (HYCOM minus JMA) el
E - il 1
£ 500 - 0
o
[¢}]
g -1
1000 ' ' ' -2

154 162 149 145
Longitude [°E]

Fig. 9. Same as in Fig. 8 but at the JMA vessel observation line B
from May 14 to 22 2015.
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Fig. 10. Same as in Fig. 8, but at the JMA vessel observation line C
from June 20 to July 13 2015.
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Fig. 11. Same as in Fig. 8, but at the JMA vessel observation line D
from June July 23 to August 13 2015.
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Fig. 12. Same as in Fig. 8 but at the JMA vessel observation line E
from February 25 to 4 March 2016.
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Fig. 13. Same as in Fig. 8, but at the JMA vessel observation line F
from February 6 to 11 2016.

_31_



FHLE A7 S o]gdte] 7143 NEMOS
Her ol ASEE 3718yt Table 6).
B4y, F ordo 1dzk Al Hiex: Zh7 061°Ce 0.72°CR 2 Aols

Holx @gro}, MAGHE Mubdon Wi HYCOM(-0.19°C)o] 7]44

Table 6. Comparisons between the KMA NEMO and the US Navy HYCOM
for mean Bias, RMSE, and correlation coefficient (R) estimated using the KMA

ocean buoy data.

Bias [°C] RMSE [°C] R
Buoy
NEMO HYCOM NEMO HYCOM NEMO HYCOM
Ulleungdo -0.06 -0.08 0.29 0.51 0.99 0.99
Deokjeokdo -0.19 -0.14 0.64 0.61 0.99 0.99
Geomundo -0.13 -0.08 0.85 0.72 0.98 0.98
Geojedo 0.41 -0.56 0.76 0.86 0.98 0.98
Donghae -0.17 -0.16 0.60 0.87 0.99 0.98
Pohang -0.13 -0.04 0.60 0.96 0.99 0.97
Marado 0.38 -0.22 0.82 0.71 0.98 0.98
Oeyeondo 0.09 -0.23 0.33 0.55 0.99 0.99
Average 0.03 -0.19 0.61 0.72 0.99 0.98
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Fig. 14. Time series for daily mean SST of the KMA NEMO and the US
Navy HYCOM, and buoy at the two KMA ocean buoys, (a, ¢) Ulleungdo
and (b, d) Pohang buoy, from March 2015 to February 2016, and the

differences (c, d) between model and buoy.
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