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Abstract This study investigates the accuracy of short-term ocean predictions during the
development of ocean stratification for the Korea Meteorological Administration (KMA) Global
Seasonal Forecast System version 5 (GloSea5) as well as the effect of atmosphere-ocean cou-
pling on the predictions through a series of sensitive numerical experiments. Model perfor-
mance is evaluated using the marine meteorological buoys at seas around the Korean peninsular
(KP), Tropical Atmosphere Ocean project (TAO) buoys over the tropical Pacific ocean, and
ARGO floats data over the western North Pacific for boreal winter (February) and spring (May).
Sensitive experiments are conducted using an ocean-atmosphere coupled model (i.e., GloSea5)
and an uncoupled ocean model (Nucleus for European Modelling of the Ocean, NEMO) and
their results are compared. The verification results revealed an overall good performance for the
SST predictions over the tropical Pacific ocean and near the Korean marginal seas, in which the
Root Mean Square Errors (RMSE) were 0.31~0.45°C and 0.74~1.11°C respectively, except oce-
anic front regions with large spatial and temporal SST variations (the maximum error reached
up to 3°C). The sensitive numerical experiments showed that GloSea5 outperformed NEMO
over the tropical Pacific in terms of bias and RMSE analysis, while NEMO outperformed
GloSea5 near the KP regions. These results suggest that the atmosphere-ocean coupling substan-
tially influences the short-term ocean forecast over the tropical Pacific, while other factors such
as atmospheric forcing and the accuracy of simulated local current are more important than the
coupling effect for the KP regions being far from tropics during the development of ocean strati-
fication.
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Table 1. Descriptions for two experiments (GloSea5 vs. NEMO).
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Fig. 1. Locations of (a) KMA and (b) TAO buoys.
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Table 2. Location and mooring depth for the KMA buoys.

Buoy Location Mooring depth
Deokjeokdo  37°14N  126°01'E 30 m
Oeyeondo 36°15'N  125°45'E 45m
Chilbaldo 34°47'N 125°46'E 33m
Geomundo 34°00N  127°27E 80 m
Geojedo 34°46'N  128°54'E 84 m
Pohang 3621'N  129°47E 310 m
Donghae 37°32’N  130°00'E 1,518 m
Ullengdo 37°27'N 131°06'E 2,220 m

Table 3. Location, type, and month used in verifications for
TAO buoys.

Buoy . Mooring  Month used in
Locations . .
number type verifications
1 8°S  125°W  ATLAS Feb. & May
2 5°S 95°W ATLAS May
3 2°S 165°E ATLAS Feb. & May
4 2°S 110°W TRION May
5 2°S  95°W  ATLAS Feb.
6 0°N 147°E TRION Feb. & May
7 0°N 156°E TRION Feb. & May
8 0°N  170°W  ATLAS Feb. & May
9 0°N  154°W  TRION Feb.
10 2°N 156°E TRION Feb. & May
11 2°N 155°W  ATLAS May
12 5°N 155°E TRION Feb. & May
13 8N 165°E ATLAS Feb. & May
14 8N  155°W  ATLAS Feb. & May
15 8N  110°W TRION Feb.
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Fig. 2. Locations of Argo profiles used for model performance
evaluation in (a) February and (b) May 2014.
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Fig. 3. Mean sea surface temperature (SST) differences between (a, d) GloSea5 and OSTIA, (b, €) NEMO and OSTIA, (c, f)
GloSea5 and NEMO at 7-day forecast lead time for February (left panel) and May (right panel) 2014.
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Fig. 4. Comparisons of daily 7-day SST predictions at TAO buoys for February 2014. The black and grey lines represent the
prediction results from GloSea5 (Exp. 1) and NEMO (Exp. 2) respectively. The grey open circles use the TAO buoys data. The
black dot represents the initial time of forecast.
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Table 4. Comparisons of correlation coefficient, bias, and RMSE (averaged from 1 to 7-day forecast lead time) for predicted

SST between Exp. 1 and Exp. 2 at TAO buoys in February 2014.

Buoy Correlation (R) Bias (°C) RMSE (°C)

number Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
1 0.500 0.510 -0.048 0.013 0.312 0.298

3 0.754 0.755 0.031 0.043 0.233 0.250

5 0.781 0.726 0.844 0.869 0.973 1.013

6 0.714 0.728 0.318 0.407 0.537 0.613

7 0.433 0.548 0.085 0.089 0.425 0.385

8 0.490 0.493 0.221 0.278 0.577 0.588

9 0.797 0.794 0.018 0.077 0.195 0.212
10 0.133 -0.001 —-0.011 0.049 0.401 0.487
12 —0.047 0.110 -0.180 —-0.166 0.454 0.419
13 0.135 0.135 0.048 0.051 0.194 0.203
14 0.090 0.165 0.000 0.027 0.223 0.202
15 0.688 0.544 0.072 0.242 0.188 0.329

Fig. 5. Comparison of (a) Bias, (b) MAE and (c) RMSE for simulated SST between GloSea5 (Exp. 1) and NEMO (Exp. 2) at
forecast lead times from 1 to 7 day (1-day interval) at TAO buoys over tropical Pacific in February 2014.
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Fig. 6. Same as in Fig. 5, but for May 2014 (TAO buoys).
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Fig. 7. Comparison of bias and MAE for simulated temperature profiles between GloSea5 (Exp. 1) and NEMO (Exp. 2) at 7-
day forecast lead time at TAO buoys for (a) February and (b) May 2014.

Fig. 8. Mean sea temperature vertical profiles from the GloSea5 (solid black) and the NEMO (dashed black) at 7-day forecast

lead time for (a) February and (b) May 2014.
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Fig. 9. Same as in Fig. 4, but for KMA buoys (February 2014).

Table 5. Same as Table 4, but for KMA buoy data.

Correlation Bias (°C) RMSE (°C)

Buoy

Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
Deokjeokdo 0.773 0.735 0.027 —0.478 0.323 0.577
Oeyeondo 0.491 0.518 0.387 0.326 0.433 0.372
Chilbaldo —-0.259 -0.175 0.388 0.282 0.700 0.609
Geomundo 0.083 0.094 0.171 0.108 0.658 0.635
Geojedo 0.292 0.263 1.680 1.572 1.759 1.653
Pohang 0.029 0.105 0.153 0.245 1.156 1.081
Donghae 0.023 0.027 —-1.568 -1.633 1.955 2.018
Ulleungdo 0.564 0.560 —-1.006 -1.012 1.096 1.099
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Fig. 10. Same as in Fig. 5, but for KMA buoys (February 2014).

Fig. 11. Same as in Fig. 9, but for May 2014 (KMA buoys).

k2 RMSE:® =3tth. 53], B3l & L 1°C o)) 2 222 HATK(Table 5). FolE =g
B3, €£5%, AAE Fol) HAE vas)] By, 589 5% FoliA F &
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Table 6. Same as Table 5, but in May 2014.

&3 7] 7] e Foll = g e Bl o7l F g a

B Correlation Bias (°C) RMSE (°C)
uo;

Y Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2
Deokjeokdo 0.836 0.931 1.108 0.840 1.473 1.001
Oeyeondo 0.952 0.962 0.033 —-0.386 0.827 0.867
Chilbaldo 0.875 0.911 —-0.265 0.102 1.077 0.768
Geomundo 0.892 0.891 0.140 0.004 0.808 0.595
Geojedo 0.842 0.876 0.479 0.560 0.913 0.818
Pohang 0.784 0.661 0.023 0.067 0.561 0.673
Donghae 0.800 0.870 —-0.754 —-0.487 1.068 0.784
Ulleungdo 0.924 0.938 -0.139 -0.354 0.593 0.618

Fig. 12. Same as in Fig. 10, but for May 2014 (KMA buoys).
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Fig. 13. Comparisons of SST between FNMOC satellite and KMA buoy data at (a) Deokjeokdo, (b) Oeyeondo, (c) Chilbaldo,
(d) Geomundo, (e) Geojedo, (f) Pohang, (g) Donghae, and (h) Ulleungdo in February 2014. The Black and grey lines represent

FNMOC satellite and KMA buoys data, respectively.
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Fig. 14. Spatial distributions of SST from (a) GloSea5
simulation (Exp. 1) and (b) FNMOC satellite on 22 February
2014 and (c) their differences (GloSea5 minus FNMOC).
The X symbol represents the location of Donghae buoy.



Fig. 15. Spatial distributions of (a) GloSeaS-simulated surface
currents (vectors) and SST (shade) and (b) satellite-based
geostrophic currents (vectors) produced by the KHOA on 22
February 2014.
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