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Abstract : This study examines the long-term spatial patterns and recent trends of seasonal onsets and durations
defined by daily temperatures in South Korea for the period 1973-2004. Spatially, spring and winter onset dates show
approximately 44 day and 63 day maximum difference respectively between south and north (Seongsanpo to
Daegwallryeong) attributable to the impacts of latitudes and altitudes. In contrast, summer onset, which is more
affected by proximity to oceans and altitudes than by latitudes, begins earlier in interior low elevated areas than in the
coastal areas but earliest at higher latitudes than Jeju Island. Five climatic types regarding the seasonal cycles in South
Korea are spatially clustered according to the combination of longer seasonal durations. As a reflection of recent
climate changes on seasonal cycles in South Korea, winter duration was shortened by 10 days during the post-1988
period due to a late winter onset of 4 days and an early spring onset of 6 days. The winter reduction began in the
southern regions of the Korean Peninsula in the mid-1980s and spread northward during the 1990s period, ultimately
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appearing everywhere. In urbanized cities, where much of the surface is covered with asphalt or concrete, the winter

reduction was intensified and summer duration was locally incremented. The reduced winter duration in recent

decades shows significant teleconnections with variations of geopotential height (925hPa) in the eastern Arctic region
(0-90°F, 65-85°N) during the cold season. The reduction in winter duration in South Korea agrees with results in

overall global warming trends as a climate change signal.
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Figure 1. 61 weather stations where long—term
(1973-2004) daily temperature records exist in
South Korea,
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Table 1. Season temperature indices used to define the onset and end of each season in South Korea, The
term SDT* denotes the seven day moving average of the combined values of daily Minimum (MinT), Mean

(MeanT), and Maximum (MaxT) temperatures {Equation 1).

Season temperature indices

Seasonality - y
is study

Lee(1979)

Winter end

Spring onset

Last record of SDT*< 157

MinT > 0C and MeanT > 5C

Spring end

Summer onset

First record of SDT*> 60°C

MeanT >207T and MaxT > 25T

Summer end

Fall onset

Last record of SDT*> 60°C

MeanT < 20°C or MaxT < 25C

Fall end

Winter onset

First record of SDT*< 15T

MinT <0 or MeanT < 5C
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Figure 2. Annual progression of daily minimum (MinT), mean (MeanT) and maximum (MaxT) temperatures,
and seven day moving average of summed daily temperatures (SDT*) to define seasons in Seoul, Korea,
1973-2004. The term SDT* used in this study denotes the summed values of daily minimum, mean, and

maximum temperatures (Equation 1).

Summed Daily Temperature(SDT)
3 (MinT,+MeanT, +MaxT,)
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Table 2. Long—term average of seasonal onset and duration across South Korea in this study and in Lee

(1979) s study.

Seasons Present study Lee(1979) Difference(days)
Study period 1973-2004 (&) 1930-1960 (B) @w-®
Number of weather stations | 61 (Figure 1) 3 (Seoul, Daegu, Jeju) 3 (Seoul, Daegu, Jejw 3 (Seoul, Daegy, Jeju)

Spring March 14 March 3 March 16 -13

Summer May 31 May 22 May 29 -7

Onset

Falt Septemer 22 September 30 September 20 +10

Winter November 28 December 14 December 2 +12

Spring 78 days 81 days 74 days +6

Summer 115 days 132 days 115 days 17

Duration

Fall 66 days 74 days 72 days +2

Winter 107 days 79 days 105 days -26
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Figure 5. Difference of average summer duration (@) and winter duration (b) between urban areas (dark bar)
and non—urban areas (light bar) in South Korea, 1973-2004.
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Table 3. Five climatic types of seasonal cycles in South Korea identified according to the order of seasonal

durations,
Regional average of duration (Days)
Types Order of sesonal duration
Spring Summer Fall Winter
Central Winter-Summer ] .
Monsoon Type (CWSM) Winter>Summer>Spring>Fall 74 107 63 121
South Summer-Winter ] )
Monsoon Type (SSWM) Summer>Winter>Spring>Fall 77 121 65 102
South Coast and ' _
sland Type (SCD Summer>Spring>Winter>Fall 91 126 67 81
High Land Type (HL) Winter>Spring>Fall>Summer 93 39 72 161
Jeju Island Type (JD) Summer>Spring>Fall>Winter 103 133 89 40
TRPE 9P ool wat FHRE ML E DBV AR) SAUR vadth B3, ol A
S ARZY) 1R RE SAUZ ANRY, FRA 3] ZFRYES AYERE 19 4dR Ug
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Figure 6. Five climatic zones of seasonal cycles
showing the same order combinations of seasonal
duration (Table 3) in South Korea,
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Figure 7. Trends of seasonal duration in South Korea, 1973-2004
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2 Yo}, AE AL 247179 7|7 B2
28eo HXE AuBoltHTable 4). €4, 6170 A
BEA Y A AALE Hashe], el JFRbHA)
B 7 7z A WAL A 2 A A
71(1973-1984) Ht E-2 34 1640l =269 1¢¥

&
FHoE AuEy] 8, drI1tE 24 A

of, 7H&-2 9¥ 2290, AL 114 259l A2

Table 4. Changes in average seasonal onset and duration across 61 weather stations in South Korea

Seasonality Periods Spring Summer Fall Winter
1973-1984 (A) 75 152 265 329
1985-1994 (B) 74 152 265 333
Seasonal Onset
1995-2004 (O 68 149 266 332
Difference (C-A) -7 days -3 days +1 day +3 days
1973-1984 (A) 77 days 113 days 64 days 111 days
1985-1994 (B) 78 days 113 days 68 days 106 days
Seasonal Duration
1995-2004 (C) 81 days 117 days 66 days 101 days
Difference (C-A) +4 days +4 days +2 days - 10 days*™

* 70: March 11, 150: May 30, 260: September 17, 330: November 26

** 90% of significance in Mann-Whitney U test.
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Figure 8. Departures (days) of winter duration and spring onset from long—term average (1973-2004) during
the first period (1973-1984) (a), the second period (1985-1994) (b), and the third period (1995-2004) (c).
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Figure 8. Departures (days) of winter duration and spring onset from long~term average (1973-2004) during
the first period (1973-1984) (a), the second period (1985-1394) (b), and the third period (1995-2004) (c).
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Table 5. Changes in average geopotential heights at 925hPa in the midlatitude region (70-160° E, 30-50° N)
{Mid—GPH) and in the Arctic region (090" E, 65-85 N) (Arc_GPH), and the difference of goepotential heights
between the midlatitude and Arctic regions (Diff GPH), the Arctic Oscillation index (AO index) during the cold
period (December—March), and winter length in South Korea between the former period (1973-1987; B) and

the latter period (1988-2004; A).

Periods Variables 1973-1987 (B) 1988-2004 (A) Difference (A-B) Mann-Whitney U
Spring Onset 76 70 -6days 0.082
Winter Duration 112 102 -10days 0.009™
Mid_GPH 797m 802m Sm 0.020*
Arc_GPH 688m 665m -22m 0.037*
December-March Diff GPH ‘ 109m 136m 27m 0.027*
AO index 04 03 07 0.044*
Siberia High 822m 823m +1m 0.925

* 95% significance level
#* 0004 significance level
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Figure 9. Recent (1988-2004) shortening (days) of winter durations (a) and advance of spring onsets (b) in

South Korea compared with the past (1973-1987).
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Table 6. Pearson correlation coefficients between
the average geopotential heights at 925hPa in the
midiatitude region (70-160° E, 30-50° N) (Mid—-GPH)
or in the Arctic region (0-90° E, 65-85" N)
{(Arc_GPH) or the difference of goepotential heights
between the midlatitude and Arctic regions
(Diff_GPH) or the Arctic Oscillation (AO) index
during the cold period (December—-March), and
seasonal onsets or lengths in South Korea (1973-
2004),

X-Y variables R-value | Significance
Arc_GHP - Spring onset 0.395 0.025*
Arc_GHP - Winter length -0.447 0.010*
AO index - Summer length -0.359 0.044*
Diff GPH - Spring length 0427 0.015*
Siberian High - Spring onset 0.075 0.683

* 95% significance level
** 99% significance level
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