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1. 개요

1.1. 목적

(Algorithm Theoretical Basis Document, ATBD)

(Near Real-Time Sea Surface Temperature, NRTSST) 

.

1.2. 대상자

. .

1.3. 내용요약

. 1

, , , 2

, , , 

. 3

. 4 , 5 , 6 , .

2025

. 

, ·

.

 

1.4. 문서 개정내역

1.0 2025.12.05.
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1.5. 약어목록

ATBD (Algorithm Theoretical Basis Document)

NRTSST (Near Real-Time Sea Surface Temperature)

SST (Sea Surface Temperature)

OI (Optimum Interpolation)

KHOA SST
Korea Hydrographic and Oceanographic Agency

Sea Surface Temperature

AI (Artificial Intelligence)

CNN (Convolutional Neural Network)

LSTM · (Long Short-Term Memory)

ReLU Rectified Linear Unit

MSE (Mean Squared Error)

Adam Adaptive Moment Estimation

ESA (European Space Agency)

CMEMS Copernicus Marine Environment Monitoring Service

NEMO Nucleus for European Modeling of the Ocean

OSTIA Operational Sea Surface Temperature and Ice Analysis

RMSE (Root Mean Squared Error)

UTC (Universal Time Coordinated)

MURSST Multi-scale Ultra-high Resolution Sea Surface Temperature

ODYSSEA
Operating a network of integrated observatory systems

in the Mediterranean Sea

R2 (coefficient of determination)
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2. 알고리즘 소개

2.1. 개요

(Sea Surface Temperature, SST) ·

(Optimum Interpolation, OI) 

( , 2024; , , 2009). D-2

, , , 

. 

( , , 2009). 

, , 

. 

.

(Korea Hydrographic and Oceanographic 

Agency Sea Surface Temperature, KHOA SST)

(Artificial Intelligence, AI) ( , 2024; 

, 2025). AI KHOA SST

SST ·

( , 2025).

KHOA SST, , AI OI 

KHOA SST (Effective resolution) D-2

. ·

· . 

.

2.2. 이론적 배경

AI (Convolutional Neural Network, CNN)

· (Long Short-Term Memory, LSTM)

ConvLSTM (Shi et al., 2015). ConvLSTM

· ·

. 

( , 2020). AI (Hidden layer) 3

ConvLSTM2D (layer) . 3 × 3 (pixel) 

(kernel) 32 (filter) . (padding) 

‘same’ . ConvLSTM2D 

Batch Normalization . 

(Activation function) ReLU(Rectified Linear Unit)

, (linear) SST
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. (MSE, Mean Squared 

Error) , ‘Adam(Adaptive Moment Estimation)’

(< 2-1>).

input_1 (InputLayer) [(None, 7, 64, 64, 1)] 0

sequential (Sequential) multiple 0

conv_lstm2d (ConvLSTM2D) [(None, 7, 64, 64, 32)] 105,728

batch_normalization
(BatchNormalization)

[(None, 7, 64, 64, 32)] 128

conv_lstm2d_1 (ConvLSTM2D) [(None, 7, 64, 64, 32)] 204,928

batch_normalization_1
(BatchNormalization)

[(None, 7, 64, 64, 32)] 128

conv_lstm2d_2 (ConvLSTM2D) [(None, 7, 64, 64, 32)] 204,928

batch_normalization_2
(BatchNormalization)

[(None, 7, 64, 64, 32)] 128

conv_lstm2d_3 (ConvLSTM2D) [(None, 64, 64, 1)] 3,304

 Total params : 519,272
 Trainable params : 519.080
 Non-trainable params : 192
 : Linear Activation Function
 : (MSE, Mean Squared Error)

AI , 

([ 2-1], [ 2-2]). (spin-up 

training) SST

. ·

. (transfer learning)

SST ·

(fine-tuning) . (1) , 

(2) (over-fitting) , (3) .
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2.3. 알고리즘 흐름도

([ 2-3]). 

AI 
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. AI KHOA SST 

. 

AI · ‘ (Sliding 

window)’ . AI KHOA 

SST . 

.

KHOA SST ·

· AI ([ 2-4]). 

(nearest-neighbor) KHOA SST

(re-mapping) . 

. ‘ ’ 

SST · . 64 × 

64 (tiling) , (stride)

([ 2-1, 2-2]). D-6 D-0 7

(sequence) AI SST .
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 




_

 _ 


 [ 2-1]

 





_

 _ 


 [ 2-2]

AI Python 3.8.13 TensorFlow 2.0 . 

GPU(NVIDIA RTX 4090 ) 10

. KHOA SST D-2 90

, 

. 

(summation) (weight) , 

([ 2-5]).

2.4. 입력 자료

(European Space Agency, ESA)

CMEMS(Copernicus Marine Environment Monitoring Service)

. NEMO(Nucleus for European 

Modelling of the Ocean) , 0.83° × 0.83° 

. AI (thetao)

. 3

, · (parameter)

. , 

, · (<

2-2>). AI



- 8 -

.

( + in-situ)

 (L4)



 3

 ·











 + 







 ·

 HPC 





- (1-5 km) (1-12 km)

1 / 6

( D-2 ) ( , ) ( )

2.5. 산출물

NetCDF4 (< 2-3>). KHOA SST

( 20-53°N, 117-150°E) (1 km) (D-0 ) 

1 1 ([ 2-6]).
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Convention CF-1.8
platform -

(sensor) instrument -
(Ellipsoid) geographic_element WGS84

geographic_crs_name WGS84,EPSG:4326
horizontal_datum_name WGS84

time_standard UTC
geospatial_lat_min 20.0
geospatial_lat_max 53.0
geospatial_lon_min 117.0
geospatial_lon_max 150.0
geospatial_lat_units degree
geospatial_lon_units degree

input_slots -
number_of_total_slots -

dataset_area Z003
source cmems_mod_glo_phy-thetao_anfc_0.083deg_P1D-m

algorithm KHOA_NRTSST
algorithm_version 1.0
spatial_resolution 0.01

X geospatial_lat_resolution 0.01
Y geospatial_lon_resolution 0.01

temporal_resolution 1
spatial_resolution_unit degree

temporal_resolution_unit day
(X*Y) number_of_pixel 3301*3301

time_coverage_start 2025-12-01T12:00:00Z
time_coverage_end 2025-12-01T12:00:00Z

history Created using KHOA_NRTSST algorithm
date_created 2025-12-01T09:00:00Z

product_name NRTSST
title Near Real-Time Sea Surface Temperature

product_file_name KHOA_NRTSST_L4_Z003_D01_WGS001K_U20251201.nc
product_version 1.0
processing_level L4

project_name
Integrated Analysis and Application Support for 

Marine Satellite Data
publisher_url http://www.nosc.go.kr

publisher_name KHOA
publisher_email nosc@korea.kr
creator_name KHOA

creator_url http://www.khoa.go.kr
E-mail creator_email nosc@korea.kr

file_format_version NetCDF 4.0
comment -
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3. 산출물  비교 및  검증

. , AI · KHOA 

SST . AI 

. , 

OSTIA(Operational Sea Surface Temperature and Ice Analysis)

. 

. , 

. . 

KHOA SST (Root Mean Squared Error, 

RMSE) t-

.

3.1. 비교 및  검증자료

AI KHOA SST , 

. AI `21-`23

, `24 .

. KHOA 

SST (Universal Time Coordinated, UTC) 

(12 ) , 51 SST 34

. OSTIA, MURSST(Multi-scale 

Ultra-high Resolution Sea Surface Temperature), ODYSSEA(Operating a network of 

integrated observatory systems in the Mediterranean Sea)

.

3.2. 검증방법

AI RMSE

(coefficient of determination, R2) . 

, .

OSTIA 4 (

KHOA SST, KHOA SST, , )

. AI 

, (`21-`24 ) .

·

(Euclidean) . 

.

. 
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RMSE ‘ RMSE 

’ . 

(H0) ‘ ( , )’

, 95% (p-value) (Cohen’s d)

.

3.3. 비교 및  검증결과 분석

AI , RMSE 0.22°C, R2 0.99

(< 3.1>). , 

AI . 

([ 3-1], [ 3-2]), 1 0

(systematic) (bias) (< 3.1>).

2021 0.1208 0.0280 0.1675 0.9994 0.9984 -0.0014

2022 0.1584 0.0537 0.2318 0.9989 1.0146 -0.3546

2023 0.2245 0.0715 0.2674 0.9984 0.9952 0.3034

2024 0.1758 0.0437 0.2090 0.9991 0.9904 0.0857

0.1699 0.0492 0.2189 0.9999 0.9990 0.0083

OSTIA RMSE , KHOA SST, 

KHOA SST, , (< 3.2>). 

, RMSE , , 

KHOA SST, KHOA SST . 

(outlier) 

. KHOA SST OI 

. , 

. 

KHOA SST .
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OSTIA

KHOA SST 0.426 0.101 0.646 0.150

KHOA SST 0.397 0.076 0.588 0.111

0.536 0.047 0.750 0.058

0.686 0.069 0.856 0.086

SST RMSE 1.40°C

, R2 0.95 (< 3-3>, [ 3-3]). KHOA SST

0.2-0.6°C , 

RMSE . KHOA SST ·

D-2 . , D-0

. , 

.

KHOA SST 45,300 0.8157 1.2987 0.9588

KHOA SST 44,859 0.4739 0.8554 0.9822

45,300 1.0597 1.4025 0.9520

OSTIA 38,379 1.0213 1.4690 0.9492

MURSST 30,623 1.2503 1.7842 0.9211

ODYSSEA 30,084 1.2069 1.6748 0.9365
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t- , RMSE 0.5471°C, 

0.5343-0.5599°C . 0.05 

. , KHOA SST

0.5471°C . , 

0.385 . , 

. 

.
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4. 특이사항

. KHOA SST , 

0.01° × 0.01°

([ 4-1]). KHOA SST OI 

. . , 

KHOA SST, , AI ·

. 

.

“ SST”

. 

. D-0

SST , · , 

· , 

. , 

(spin-up) 

. SST 

·

.
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