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Abstract — Seasonal variations and long term linear trends of SST (Sea Surface Temperature) at Yeosu Coast
(127°37.73'E, 34°37.60'N) in Korea were studied performing the harmonic analysis and the regression analysis of
the monthly mean SST data of 46 years (1965-2010) collected by the Fisheries Research and Development Insti-
tute in Korea. The mean SST and the amplitude of annual SST variation show 15.6 °C and 9.0 °C respectively. The
phase of annual SST variation is 236°. The maximum SST at Yeosu Coast occurs around August 26. Climatic
changes in annual mean SST have had significant increasing tendency with increase rate 0.0305 °C/Year. The
warming trend in recent 30 years (1981-2010) is more pronounced than that in the last 30 years (1966-1995) and
the increasing tendency of winter SST dominates that of the annual SST. The time series model that could be used
to forecast the SST on a monthly basis was developed applying Box-Jenkins methodology. 4RIMA(1,0,0)(2,1,0),,
was suggested for forecasting the monthly mean SST at Yeosu Coast in Korea. Mean absolute percentage error to

measure the accuracy of forecasted values was 8.3%.
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Fig. 1. Monthly normals of sea surface temperature (SST), with stan-
dard deviations, at Yeosu Coast in Korea.
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Fig. 2. Annual fluctuations of harmonic constants of SST at Yeosu
Coast for 46 years (1965-2010).
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Fig. 3. Linear trend of annual mean sea surface temperature at Yeosu Coast
for 46 years (1965-2010) with 95% confidence interval (dotted line).

Table 1. Regression coefficients with t tests (o = 0.05)
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Fig. 4. Linear trend of annual mean sea surface temperature at
Yeosu Coast for 30 years (1966-1995) with 95% confidence interval
(dotted line).
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Fig. 5. Linear trend of annual mean sea surface temperature at Yeosu
Coast for 30 years (1981-2010) with 95% confidence interval (dotted
line).

Variable DF Estimate Standard Error t Value Approx Pr > |t|
Intercept 1 14.8975 0.1469 101.40 <.0001
n 1 0.0305 0.005443 5.61 <.0004
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Fig. 6. Seasonal linear trend of annual mean sea surface temperature at Yeosu Coast for 46 years (1965-2010) with 95% confidence interval
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Table 2. Linear trends of monthly mean sea surface temperature at
Yeosu Coast for 46 years (1965-2010)

Linear trends

Linear trends

Jan. 0.050x(Year-1965)+5.29 July 0.012x(Year-1965)+22.42
Feb. 0.056x(Year-1965)+4.86 Aug. 0.014x(Year-1965)+24.40
Mar. 0.047x(Year-1965)+7.49  Sep. 0.029%x(Year-1965)+23.20
Apr. 0.032x(Year-1965)+11.84 Oct. 0.035%(Year-1965)+19.71
May 0.021x(Year-1965)+16.04 Nov. 0.017x(Year-1965)+14.92
June 0.016%(Year-1965)+19.75 Des. 0.030x(Year-1965)+9.26
Avg. 0.03 °C/Year

n

=-0.016x+9.56

10

Annual amplitudes

@

1965 1970 1975 1980 1985 199 1995 2000 2005 2010

Fig. 7. Linear trend of annual amplitudes of sea surface temperature
at Yeosu Coast for 46 years (1965-2010).

Table 3. Regression coefficients with t tests (o = 0.05)

Variable =~ DF  Estimate Standard t Value Approx
Error Pr> [t
Intercept 1 9.5583 0.1632 58.58 <.0001
n 1 -0.0162  0.005458 -2.59 0.0127
322 AXFH 7 AE B
Z3REA el o%t AxIFe] F7IRE F0](Fig. 7)ol wh=rd
ol5iek HHs2] o

FZ-L0.0162/ 7+ 6]~ FAE Eoﬂg
0 TERESE
0.018] -9+ 1'“%?7(] pAes éi]r(probably significant)
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Fig. 8. Estimatied autocorrelation functions (ACF) of monthly SST
with 95% confidence interval.
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Fig. 9. Estimatied autocorrelation functions (ACF) and partial autocor-
relation functions (PACF) of monthly SST after seasonal differencing.

Table 4. Parameter estimation of 4ARI/MA(1,0,0)(2,1,0),, on montly
SST

Maximum Likelihood Estimation

Parameter  Estimate Stgrrlfoird t Value /?)Ir)I;thT Lag
ARI,1 0.51330  0.06518 7.88 <0.0001 1
AR2,1 -0.67858  0.07339  -9.25 <0.0001 12
AR2,2 -0.44010 0.07176  -6.13 <0.0001 24
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Table 5. Autocorrelation check of residuals
To Lag Chi-Square DF Pr> ChiSq Autocorrelations
6 1.61 3 0.6580 -0.026 0.006 0.020 0.023 0.082 0.029
12 5.73 9 0.7664 -0.033 -0.085 0.096 -0.009 0.017 -0.071
18 11.32 15 0.7293 0.044 0.002 -0.119 0.070 -0.067 -0.066
24 21.01 21 0.4581 0.046 -0.039 0.086 -0.086 -0.090 -0.150
30 25.15 27 0.5658 0.010 0.111 -0.045 -0.012 0.074 0.021
— — 30
1.0 - <& Actual
»5 | —{— Forecasted
- [ 95% Confidence limit i
0.5
o 20
£ o0 g
= ¥ 1s
Rl Z 10
10 | | =
_ 0 -_— ——m
104 Jan. Feb. Mar.Apr. May June July Aug. Sep. Oct. Nov. Dec.
05 Fig. 11. Comparison of forecasted monlty SST and actual monthly
N SST.
S oo e e B e
= A7k AARe] Ak o354 (5-99)2 79 0.2-1.0 °C, A&H(10-
05 1 48y 1.0-1.5°CS] S Ho] ALH 2 Hapt o15del vlst
iAo F HAE Belon, o529 H g o=
1.0
, 8.3%% LFERTE. o714 Bt d g e 2ke] 7152 10% 7Rk
0 5 10 15 20 25

Lag

Fig. 10. Estimatied residual ACF and PACF of ARIMA(1,0,0)(2,1,0),,
on montly SST.
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