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Comparative Performance Analysis of Statistical Downscaling Methods
for Reproducibility Assessment of Simulated Winter Low Water Tem-
peratures in the South and West Coastal Seas of Korea: A Case Study for
the Winter of 2023-2024

Myung-Hee Park, Byoung-Jun Lim, Chang-Sin Kim and Joon-Soo Lee*

Ocean Climate and Ecology Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

This study evaluated five statistical downscaling methods-Empirical quantile mapping (EQM), detrended quantile
mapping (DQM), delta change method (DCM), delta method (DM), and quantile delta mapping (QDM)-to more ac-
curately reproduce observed low-temperature events using a regional ocean modeling system (ROMS)-based model.
The analysis focused on 12 coastal stations in the seas south and west of Korea during the winter of 2023-2024.
As the training and evaluation periods were identical, this study assessed model reproducibility rather than future
predictive performance. The results from the root mean square error (RMSE) and Bland-Altman analyses indicated
that the distribution-based methods, namely EQM and DQM, were generally more accurate. However, the optimal
method depended critically on local oceanographic characteristics. The simple DM was most effective in stable
environments with low variability, whereas EQM excelled in tide-dominated or topographically complex areas, and
DQM performed best in regions influenced by freshwater discharge and meteorological changes. In contrast, QDM
exhibited poor performance. These findings emphasize that a station-specific correction strategy is essential for ad-
vancing coastal low-temperature warning systems and provide a foundation for developing independently validated
prediction models.
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Fig. 1. Study area and locations of monitoring stations.

delta change method, detrended quantile mapping, quantile
delta mapping, empirical quantile mapping)= A 2d 2 7}
o Hgsto] WL WASIIL, 1 Aart B4 77 B
A AP H5S HFHOR Bl o AL &
A= v A YIS s Aol obd, 24 71kt
o digt A&EA H7Hreproducibility assessment)o]] =
Tk o3t Y A= 4 VI A e 5E =
Stofl Al vlarsh= Ao] F4foluf, T Ayt m i H v 7|7tke
|15 452 A B S Waks] Gk olS ) 71
Y 27 F=(RMSE 5), #5472 Y] = (Bland-Altman
), S WEAY AR A A SH(E A,

ra

< A

A=
o

=
=S
L5

_]

%

N ooxl O

1o ™ oy

2

o
=

2 A ol 5 mE A A T H A
A 93 7| ZARE BEE - o, Aot AR 5]
He o] 7jofat Ao 2 7,

geteol A 4842 AlaLs

S AR Avke] Heke HAskL, I avE 245k A
=SR2 ST A HA A A2 A w7 IRsHA 2
Ashe Eal A T AT AT, A=add, s
e, Foll -, FEEeh Al d) T A ALt S8 A
QPHAL, ShAH| Qb FQRE 2] 2, AJAEA| 2, BRI 22), 5 1271
42 AdAsHthFig. 1). o] ZHES B4 sl E4=



A& A o) Q@A daf- A sl FA12 Al v 393

thatefo] i o1 B o) Hlelet e sl

28 P3ol AHEE P2 ARE U445 (National
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Table 1. Accuracy (RMSE) of corrected model outputs by statisti-
cal downscaling methods

Sea area Station EQM DQM DCM DM QDM
Boseong Dongyul 1.08 0.94 1.14 1.29 1.96
Jeju Yongdam 0.76 0.77 0.74 0.39 1.05
Jindo Geumgap 0.64 0.80 0.85 0.87 1.23
South Sea Jinhae Jamdo 0.67 0.71 0.79 1.09 1.52
Namhae Gangjin 0.74 0.57 0.96 1.07 1.37
Tongyeong Punghwa 0.64 0.60 0.69 0.75 1.25
Yeosu Sinwol 0.40 0.43 0.63 0.64 0.87
Buan Byeonsan 041 045 0.72 1.03 1.20
Gunsan Biando 0.53 0.54 0.61 0.61 1.06
West Sea Muan Dolipo 0.68 0.66 0.89 1.01 1.37
Seosan Jigok 0.87 0.90 0.99 0.94 1.48
Taean Naepo 042 0.46 0.57 0.60 0.85

RMSE, Root mean square error; EQM, Empirical quantile map-
ping; DQM, Detrended quantile mapping; DCM, Delta change
method; DM, Delta method; QDM, Quantile delta mapping.

Table 2. Improvement rate (%) in model output accuracy (RMSE)
by statistical downscaling methods

Sea area Station EQM DQM DCM DM QDM
Boseong Dongyul 1 14 -5 -18 -80
Jeju Yongdam 5 4 8 51 -31
Jindo Geumgap 17 -4 -10 -13 -60
South Sea Jinhae Jamdo 1" 5 -5 -45-103
Namhae Gangjin 29 45 8 -3 -32
Tongyeong Punghwa 24 29 18 11 -49
Yeosu Sinwol 9 2 -43 -45 -98
Buan Byeonsan 32 25 -20 -72-100
Gunsan Biando 28 27 18 18 -43
West Sea Muan Dolipo 3 6 -27 -44 -96
Seosan Jigok 14 N 2 7 47
Taean Naepo 28 21 2 -3 47

RMSE, Root mean square error; EQM, Empirical quantile map-
ping; DQM, Detrended quantile mapping; DCM, Delta change
method; DM, Delta method; QDM, Quantile delta mapping.
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Fig. 2. Agreement assessment between observed and bias-corrected model outputs of water temperature at South Sea stations using Bland-
Altman plots. EQM, Empirical quantile mapping; DQM, Detrended quantile mapping; DCM, Delta change method; DM, Delta method;
QDM, Quantile delta mapping.
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Fig. 3. Agreement assessment between observed and bias-corrected model outputs of water temperature at West Sea stations using Bland-

Altman plots. EQM, Empirical quantile mapping; DQM, Detrended quantile mapping; DCM, Delta change method; DM, Delta method;

QDM, Quantile delta mapping.
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Table 3. Assessment of agreement between observed and corrected
model outputs using the Bland—Altman method

Al - olER

Table 4. Evaluation of water temperature variability based on ob-
served data
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Fig. 4. Time series of daily bias (observed-corrected water temperature) for statistical downscaling methods at South Sea stations. EQM,
Empirical quantile mapping; DQM, Detrended quantile mapping; DCM, Delta change method; DM, Delta method; QDM, Quantile delta
mapping.
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Fig. 5. Time series of daily bias (observed - corrected water temperature) for statistical downscaling methods at West Sea stations. EQM,
Empirical quantile mapping; DQM, Detrended quantile mapping; DCM, Delta change method; DM, Delta method; QDM, Quantile delta

mapping.
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Table 5. Effectiveness of statistical downscaling methods in repro-
ducing temperature variability (CV ratio)

Sea area Station EQM DQM DCM DM QDM
Boseong Dongyul 1.0 0.98 0.90 0.70 0.74
Jeju Yongdam 1.0 1.16 1.05 1.04 0.88
Jindo Geumgap 1.0 1.22 1.08 0.97 1.01
South Sea Jinhae Jamdo 1.0 1.03 1.02 0.79 0.78
Namhae Gangjin 1.0 1.01 0.95 0.76 0.86
Tongyeong Punghwa 1.0 0.98 0.99 0.88 0.72
Yeosu Sinwol 1.0 1.04 0.88 0.83 0.91
Buan Byeonsan 1.0 1.02 0.86 0.74 0.81
Gunsan Biando 1.0 1.04 0.96 0.92 0.87
West Sea Muan Dolipo 1.0 1.00 0.86 0.74 0.81
Seosan Jigok 1.0 1.20 1.04 0.87 0.91
Taean Naepo 1.0 1.01 0.96 0.90 0.88

CV, Coefficient of variation; EQM, Empirical quantile mapping;
DQM, Detrended quantile mapping; DCM, Delta change method;
DM, Delta method; QDM, Quantile delta mapping.
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