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Are Spring and Fall in South Korea Getting Shorter?

Dong Hyun Kim

+ Hayong Shin

Department of Industrial and Systems Engineering, KAIST

A clear increase in the average annual temperature is observed worldwide, and climate changes take place in
response to that increase. This affects not only the ecosystem, but also to mankind. Of all those aspects of
climate change, people are especially interested in the length of each season, and people acknowledge that the
duration of spring and fall has been shortened over the past several years. Still, it is difficult to observe this kind
of phenomenon with the simple analysis of dividing the seasons and calculating the duration. Therefore, this
study attempted to set up a more intuitive standard which well reflects the current situation. This study also
divided the daily climate into 4 states using the daily maximum and minimum temperature. Moreover, using the
Hidden Markov Model, this study calculated the duration of each season and analyzed its tendency based on the

daily temperature data of the last 53 years (1960~2012).
showed mild decreasing tendency over the past 53 years,

According to the result, the duration of spring and fall
and the duration of fall decreased even more during the

past 30 years in the Korean peninsula. After 1960, the start of spring was advanced, which decreased the length
of winter for about 11 days. On the other hand, the duration of summer increased for about 25 days, which is
consistent with the worldwide tendency of temperature increase.
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Table 1. Onset of each seasons in South Korea using daily
temperature(Lee, 1979)
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Table 2. Onset of each seasons in South Korea using temperature
indices(SDT)(Choi et al., 2006)
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Figure 1. Duration of spring and fall of Seoul using seasonal onset
defined by Lee(1979)
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Figure 2. Duration of spring and fall of Seoul using seasonal onset
defined by Choi et al.(2006)

Table 3. F-test for slope in <Figure 1> and <Figure 2>

Slope P-value
1-Spring 0.14199 0.485
1-Fall 0.072246 0.855
2-Spring 0.23367 0.583
2-Fall 0.015965 0.999
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Figure 3. Basic structure of Hidden Markov Model
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Figure 7. Annual mean temperature and average of annual maximum

and minimum temperature of Seoul
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Figure 9. Annual average temperature difference of Seoul, 1960
~2012
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Figure 10. Daily average temperature difference of Seoul,
1960~2012
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Figure 11. Hidden Markov Model for seasonal changes
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Figure 12. 7-day moving average of mean daily maximum
temperature, 1960~2012
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Figure 13. Scatter plot of Min-Max temperature of Seoul
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Figure 14. Duration of each season using Hidden Markov
Model in Seoul, 1960~2012
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Table 5. ANOVA table for spring in <Figure 14>

HO: B=0 SS DF MS F P-val
Regression 227.6 1 227.6 1.52 0.223
Residual 7639.1 51 149.8 | slope = -0.13546
Total 7866.7 52 Significance level = 10%

Table 6. ANOVA table for fall in <Figure 14>

HO: B=0 SS DF MS F P-val
Regression 184.3 1 184.3 1.69 0.199
Residual 5552.9 51 108.9 | slope = -0.12192
Total 5737.3 52 Significance level = 10%

Table 7. F-test for slope in <Figure 14>

Slope P-value

Spring -0.13546 0.223

Summer 0.46218 <0.001

Fall -0.12192 0.199

Winter -0.20481 0.069
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Table 8. ANOVA table for spring in <Figure 15>
HO: B=0 SS DF MS F P-val
Regression 320.3 1 3203 1.17 0.284
Residual 13953.0 | 51 273.6 | slope = -0.1607
Total 14273.3 52 Significance level = 10%

Table 9. ANOVA table for fall in <Figure 15>

HO: B=0 SS DF MS F P-val
Regression 26.8 1 26.8 0.26 0.614
Residual 5296.7 51 103.9 | slope = 0.04644
Total 5323.5 52 Significance level = 10%

Table 10. F-test for slope in <Figure 15>

Slope P-value

Spring -0.1607 0.284
Summer 0.41405 <0.001
Fall 0.046444 0.614
Winter -0.29979 0.037

Days of spring for each year. y=-0.1607x+104.5653

120

100

Days

80

60

1 | 1
1960 1970 1980 1990 2000 2010 2020
Year
Days of fall for each year. y=0.046444x+685762

120+

100

Days

A
8 !I \ /\ y A Nl \ ’ | r\ /‘l' f/\ Iy /‘5 ‘L Ip‘
oS Y
] ] | 1
1960 1970 1980 1990 2000 2010 2020

Year

Days of summer for each year. y=0.41405x+967453
140

T T T T T
£ X l‘

120
100

Days

80
60 1

1 1 1 1 1
1960 1970 1980 1990 2000 2010 2020
Year
Days of winter for each year. y=-0.29979x+95.1132
140

120 -
100

Days

80 /|
\ Y
60

1960 1970 1980 1990 2000 2010 2020
Year

Figure 15. Duration of each season using Hidden Markov Model
in Busan, 1960~2012
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