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Abstract

Korea, which is located in the middle-latitude area of the northern hemisphere, has four seasons. These seasons can

be classified based on their months, mean temperatures, biology and natural phenomena. In this study, climatic changes

were identified by biotic and temperature seasons, changing trends were compared by season, and the appropriateness

of the biotic phenomena for the biotic season classification was examined. The data for this study included the mean

temperatures, and biology · phenomenon observation dates, which had been observed for 38 years from the ASOSs in

seven Gwangju and Jeonnam regions. Limitations were found in the classification of the temperature and biotic seasons.

Especially in the case of the biotic season based on a single life, the points of the first sighting and the initial sound

fluctuated so much that the accuracy of the results was not guaranteed. Therefore, the life species had to be selected subject

to detailed verification and accurate specifications, and to be applied to the meteorological phenomena. In addition, there

were lives in the standard biology that could no longer be observed because of environmental pollution and climatic

change, which indicates the need to protect the existing standard biology.
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1. Introduction

Korea, which is located in the middle-latitude area of

the northern hemisphere, has four seasons. These sea-

sons can be classified based on their months, mean tem-

peratures, and biology · natural phenomena[1,2]. The

classification by month is a statistical method that

divides a year into four periods: spring (March to May),

summer (June to August), fall (September to Novem-

ber) and winter (December to February). This method

does not consider climatic changes and actual temper-

ature changes[3,4]. Although this method is inaccurate, it

is widely used because it is comprehensive. The stand-

ard of the National Institute of Meteorological Research

NIMR(2009), which used some of the criteria proposed

by Lee Byeongseol (1979), is a classification based on

the mean temperature. This method is limited because

it uses a single climatic element: the mean temperature.

To supplement this limitation, the Korea Meteorological

Administration[5] examines the biotic season data by

observing representative lives and natural phenomena

for each season. The biotic season is determined by

observing the seasonal changes with reference to living

things such as flowers and animals. This classification

uses diverse climatic elements such as the temperature,

isolation duration, amount of precipitation, and humid-

ity, which change according to the seasonal progress[6,7].

In this study, the climatic changes were identified by

biotic and temperature seasons, the changing trends

were compared by season, and the appropriateness of

the biotic phenomena for the biotic season classification

was examined.

2. Experimental Section

2.1. Data and Analysis Method

The data that were used in this study were the mean

temperatures, and biology · phenomenon observation

dates observed from the ASOSs of seven Gwangju and

Jeonnam regions (Mokpo, Yeosu, Wando, Suncheon,

Jangheung, Goheung and Haenam). The climatological

observation data that were used were for 38 years - from

1973, when the latest ASOS in Suncheon was installed,
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to 2010[3]. The observation date was indicated as a

Julian day, with January 1 represented as 1 and Decem-

ber 31, as 365. The temperature seasons were classified

according to the NIMR standard (2009)[8,9,10]. Accord-

ing to this standard, spring starts on the day with a daily

mean temperature of 5oC or higher; summer, on the day

with a daily mean temperature of 20oC or higher; fall,

on the day with a daily mean temperature of 20oC or

lower; and winter, on the day with a daily mean tem-

perature of 5oC or lower.

The nine-day consecutive mean was selected as the

mean temperature to filter the effects of the abnomal cli-

mate and significant weather. Each season was deter-

mined when the seasonal criterion was met for five

consecutive days. For the biotic season, five criteria -

forsythia, cicada, cosmos, dragonfly and ice - were ana-

lyzed. The significance test for the temperature and

biotic seasons was conducted using mainly the biotic

season for each season, and a Kendall-τ correlation

analysis was also conducted.

3. Results and Discussion

3.1 Temperature Season

Figure 1 shows the changes in the mean temperature

from 1973 to 1980 (in the 1970s) and from 2001 to

2010 (in the 2000s). The mean temperature was higher

in the 2000s than in the 1970s in all the seasons, which

indicates a temperature increase. The highest tempera-

ture difference between the two periods appeared in

February, which was 1.2oC, and there was no temper-

ature difference in July.

Figure 2 shows the length of each season, which was

measured using the temperature season. Although no

significant change was observed because of El Nio and

La Nia, spring became 1.5 days longer, from 97.6 days

in the 1970s to 99.1 days in the 2000s; summer, 5.6

days longer, from 108.5 days to 114.1 days; and fall, 4.2

days longer, from 71.4 days to 75.6 days; whereas win-

ter became 9.4 days shorter, from 83.8 days to 74.3

days. Winter became significantly shorter, and summer

had the greatest increase in number of days, followed

by fall and spring. These changes would be more dis-

tinct if the effects of El Ni o and La Ni a were

removed.

Figure 3 shows the starting dates of the temperature

season for the past 38 years (1973-2010). Spring started

on March 3 in the 1970s, but seven days earlier, on Feb-

ruary 25, in the 2000s. Summer started on June 9 in the

1970s, but six days earlier, on June 3, in the 2000s. Fall

started on September 25 in the 1970s, and on almost the

same date, September 24, in the 2000s. Finally, winter

started on 

December 5 in the 1970s, but four days later, on

December 9, in the 2000s. Winter started later and

spring started earlier, which indicate that winter became

shorter. Summer started earlier without a significant

change in the starting date of fall, which indicates that

summer became longer. Winter started later without a
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Fig. 1. Annual variation in the mean temperature from

1973 to 1980 and from 2001 to 2010.

Fig. 2. Interannual variation in the starting date of the

temperature season. In the length of the temperature season

and comparison of the 1970s and the 2000s.
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significant change in the starting date of fall, which

indicates that fall became longer. As for the changing

trend of the starting dates of the seasons, spring and

summer started early at a rate of 0.132 day/year and

0.018 day/year, respectively, and fall and winter started

late at a rate of -0.102 day/year and -0.337 day/year,

respectively. The change was highest in winter and low-

est in summer. In the trend and starting date analysis

results, the summer period became longer because the

starting date of fall was delayed, and the winter period

became shorter because the starting date of winter was

delayed and spring started early.

3.2. Biotic Season

Life and natural phenomena naturally represent the

seasons. Accordingly, KMA designated standard plants

such as forsythia, cherry blossoms and cosmos, and

standard bugs such as cicada and dragonfly, to observe

the start and end of the seasons, and considers the first

sighting of ice as the start of winter, considering that

water freezes at 0oC In this section, the start of a season

was analyzed based on biological phenomena, and its

relationship with the starting date of the temperature

season was analyzed. Figure 4 shows the secular

changes in the observation point of the first sighting

(initial sound) of biological phenomena.

3.2.1. Forsythia

Forsythia can be easily seen across Korea in spring,

and has been designated as the standard plant for spring

in the country[11]. Therefore, the starting date of spring

was estimated using the inflorescence date of forsythia.

The mean forsythia inflorescence date for the past 38

years was March 22. It became four days earlier, from

March 23 in the 1970s to March 19 in the 2000s, unlike

the temperature season, which became 20 days earlier

in the 1970s and 23 days earlier in the 2000s. It was 22

days earlier on the average than the spring of the tem-

perature season. Both the forsythia inflorescence date

and the starting date of the temperature season were

early, and the Kendall-τ correlation analysis resulted in

a correlation coefficient of 0.55 and a significance level

of 0.01.

3.2.2. Cicada

The cicada is a standard bug that represents summer,

and starts to sing as summer starts[10]. Therefore, the ini-

tial sound of the cicada was taken as the indication of

the starting point of summer. The mean initial cicada

sound date for the past 38 years was July 11. The date

Fig. 3. Interannual variation in the starting date of the temperature season.



J. Chosun Natural Sci., Vol. 6, No. 2, 2013

A Study of Comparison of Temperature Seasons and Biotic Seasons in Jeonnam Region 121

was July 11 and July 10 in the 1970s and the 2000s,

respectively, which are almost the same. Compared with

the starting date of the temperature season, the date was

32 days earlier in the 1970s and 37 days earlier in the

2000s, and 36 days earlier on the average. The initial

cicada sound date was almost constant, but the starting

date of the temperature season became six days early.

Besides, the Kendall-τ correlation analysis results

showed no coherence between the two elements.

3.2.3. Cosmos

The cosmos is grown worldwide for ornamental pur-

poses, and is a standard fall plant that blossoms from

June to October. Accordingly, the starting date of fall

was estimated according to the cosmos blossoming

time[10]. The mean cosmos inflorescence date for the

past 38 years was September 8. The inflorescence date

was September 6 both in the 1970s and in the 2000s.

Compared with the starting date of the temperature sea-

son, the date was 19 days earlier in the 1970s and 18

days earlier in the 2000s, and 16 days earlier on the

average. Both the cosmos inflorescence date and the

starting date of the temperature season did not change,

and the Kendall-τ correlation analysis results showed no

coherence.

3.2.4. Dragonfly

The dragonfly lives worldwide, and has been desig-

nated as the standard fall bug. The starting date of fall

was estimated based on the first sighting of the drag-

onfly. The mean first sighting date of the dragonfly for

the past 38 years, June 4, was closer to the mean starting

date of summer, June 5, than to the mean starting date

of fall in the temperature season, September 24.

Although the dragonfly species that was observed was

unknown, among the 107 dragonfly species, the first

dragonfly sighting date became 21 days later, from May

23 in the 1970s to June 13 in the 2000s. The Kendall-

τ correlation analysis results for the two elements

showed no coherence for summer or fall.

3.2.5. Ice

Ice is the solid state of water. It is formed by the con-

gelation of liquid water, the sublimation of vapor, the

compression of accumulated snow, the incursion of

water into snow or the congelation of snow. The freez-

ing point of pure water is 0oC, but it can vary according

to the water impurities and ingredients[12]. The starting

date of winter was estimated from the first sighting of

ice. The mean first sighting date of ice for the past 38

years was November 15. The first sighting date was

Fig. 4. Interannual variation in the observation days of the biotic season.



J. Chosun Natural Sci., Vol. 6, No. 2, 2013

122 Sung Eun Hwang and Chan Su Ryu

November 16 in the 1970s and almost the same date,

November 15, in the 2000s. Compared with the starting

date of the temperature season, the date was 19 days

earlier in the 1970s and 24 days earlier in the 2000s, and

22 days earlier on the average. The first ice sighting

date became one day early, but the starting date of the

temperature season became four days late. The Kendall-

τ correlation analysis resulted in a correlation coeffi-

cient of 0.37 and a significance level of 0.01.

Based on the inflorescence and phenomena of living

things, the changes in the seasons were -0.183 day/year

for the forsythia inflorescence date, -0.061 day/year for

the initial cicada sound date, -0.122 day/year for the

cosmos inflorescence date, 0.837 day/year for the first

dragonfly sighting date, and -0.008 day/year for the first

ice sighting date.

Among the biotic season elements, only the dragon-

fly’s change rate increased, which indicates an increas-

ingly late dragonfly observation date. The forsythia

inflorescence date (-0.183 day/year) showed the second

greatest change, followed by the cosmos inflorescence

date (-0.122 day/year). The least change was seen in the

first ice sighting date, which was trivial (-0.008 day/

year). However, all the biotic season elements, except

for the dragonfly, had increasingly fast observation

dates, and the inflorescence dates of the forsythia and

the cosmos, which represent the biotic seasonal ele-

ments for spring and fall, significantly changed. The

changing trend was stronger in the ice that represents

winter than in the cicada that represents summer, which

indicates an increase in the summer period and a

decrease in the winter period.

4. Conclusion

Using the temperature observation data for the past

38 years (1973-2010) from seven ASOSs in the

Gwangju and Jeonnam regions, changes in the temper-

ature season and the biotic season (forsythia inflores-

cence, initial cicada sound, cosmos inflorescence, first

dragonfly sighting, and first ice sighting) were analyzed,

and the coherence between the temperature season and

the biotic season was analyzed using the Kendall-τ cor-

relation analysis.

The results of this study showed limitations in the

classification of the temperature and biotic seasons.

Especially in the case of the biotic season that was

based on a single life, the points of the first sighting and

the initial sound fluctuated so much that the accuracy

of the results was not guaranteed. Therefore, the life

species have to be selected subject to detailed verifica-

tion and accurate specifications and to be applied to the

meteorological phenomena.

In addition, there are lives in standard biology that

can no longer be observed because of environmental

pollution and climatic change, which points to a need

to protect the existing standard biology. A nationwide

temperature and biotic season analysis is required to

present a more accurate and systematic season classifi-

cation standard.
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