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Abstract

Using climate data, this study aimed to analyze the causes of low-temperature damage to bamboo, which occurred
mainly in Chungcheongnam-do and Jeollabuk-do, Korea, during the winter of 2020. Temperature observation data
provided by the Korea Meteorological Administration were used as raw data, and areas that suffered low-temperature
damage were compared to those that did not. The results showed that the unprecedented low-temperature damage to
bamboo was caused by a strong cold wave that occurred from January 7 to 10, 2021. During this period, the temperatures
reached their lowest levels in the past 30 years. In particular, the temperatures in Chungcheongnam-do and Jeollabuk-do
were significantly lower than those in Gangwon-do. Various regional temperature analyses were conducted, and an
average temperature of —~10°C over 3 days and an average minimum temperature of =15°C during the cold wave were
determined as the criteria for bamboo to suffer low-temperature damage. Furthermore, regional differences in average
temperature had a greater impact on low-temperature damage to bamboo than did minimum temperature. This study
presents quantitative criteria for low-temperature bamboo damage through a regional comparison.
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Fig. 1. Status of bamboo area by region in Korea (source: Korea Forest Service. Basic forest statistics 2020).

Table 1. Bamboo species distributed in South-Korea
(source: National list of species of Korea (2020). National Institute of Biological Resources)

Genus name(Korean name) Scientific name(Korean name)

Phyllostachys bambusoides (¥H), Phyllostachys compressus (¥3%), Phyllostachys edulis (Z<=H),

(o185 B
Phyllostachys (3H%) Phyllostachys nigravar. henonis (&), Phyllostachys nigra (%), Pleioblastus simonii (3F3)

Pseudosasa (°]H<5) Pseudosasa japonica var. purpurascens (AF0IH), Pseudosasa japonica (OHh)

Sasa (R Z8l(Sasa borealis), LEAZXEN(Sasa coreana), X3RN Sasa kurilensis), AFZHN(Sasa quelpaertensis)
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Fig. 2. Changes in the northern boundary of Phyllostachys
sp. by Heo(2006) compared to Kong(2001)
(Source: paper of Heo(2006)).
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Table 2. Field survey schedule and area
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Date (2021) Survey area
March 3~5 Cheonan, Gongju, Nonsan
Muju, Jinan, Jangsu, Hamyang, Sancheong, Hadong, Gwangyang, Suncheon, Gokseong, Gwangju, Damyang,
March 21~24 )
Jangseong, Jeongeup, Jeonju
April 7~11 Jinju, Uiryeong, Haman, Goseong, Tongyeong, Geoje, Gimhae, Changwon, Changyeong, Cheongdo, Miryang,
P Yangsan, Ulsan, Pohang, Yeongdeok, Uljin, Samcheok, Donghae, Gangneung, Yangyang, Sokcho, Goseong
April 10 Jincheon, Cheongju, Ochang

Hwaseong, Pyeongtaek, Dangjin, Yesan, Hongseong, Boryeong, Cheongyang, Buyeo, Seocheon, Gunsan, Gimje,

April 13~15

Buan, Gochang, Yeonggwang, Gwangju, Naju, Hampyeong, Yeongam, Gangjin, Jangheung, Boseong, Goheung,

Suncheon, Gwangyang, Gurye, Namwon, Hamyang, Geochang, Hapcheon, Seongju, Gumi, Gimcheon, Sangju

Fig. 3. Photos of bamboo (Phyllostachys sp.) damage from low temperatures. Left and center: Hogye-ri, Sagok-myeon,
Gongju-si, Chungcheongnam-do (photographed on March 21, 2021); Right: Obong-ri, Taein-myeon, Jeongeup-si,
Jeollabuk-do (photographed on March 23, 2021).
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Fig. 4. Average winter temperature in Korea over the past 30 years (x-axis: year, y-axis: C).
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Table 3. Monthly temperatures in winter 2020 compared to observations from the past 30 years (unit: C)

December 2020 January 2021 February 2021
A B A B A B
Average Temperature 1.68 0.87 -0.39 -0.53 1.79 3.79
Minimum temperature -2.86 -3.77 -4.93 -5.60 -3.18 -1.65
Extremely Low Temperature -9.60 -11.42 -11.89 -16.08 -9.88 -8.85

A Average over the past 30 years, B: Average for winter 2020

Table 4. The coldest day in the last 30 years(The gray part is cold wave between January 7th and 10th, 2021)

Region Average Temperature ~ Minimum temperature
Seosan 2021.01.09. -12.9T 2021.01.09 -19.7C
Boryeong 2021.01.08. -13.0C 2021.01.09 -17.2C
Buyeo 2021.01.08 -15.3C 2021.01.09 -21.2C
Nonsan 2021.01.08 -14.4C 2013.01.03 -22.6C
Seocheon 2021.01.08 -15.1T 2005.12.18 -20.8C
Jeonju 2021.01.08 -12.4C 2021.01.08 -16.5C
Buan 2021.01.08 -13.2C 1999.12.21 -19.2T
Jeongeup 2021.01.08 -13.6C 2021.01.08 -17.6C
Imsil 2021.01.08 -16.0C 2021.01.08 -22.8C
Namwon 2021.01.08 -13.9T 1994.01.24 -21.9T
Jangseong 2021.01.08 -11.6T 2021.01.08 -15.5C
Damyang 2021.01.08 -12.3C 2021.01.08 -19.1C

Region Average Temperature ~ Minimum temperature
Geochang 2021.01.08 -11.8T 1994.01.24 -18.9C
Hapcheon 2021.01.08 -10.7C 2021.01.08 -16.6C
Sancheong 2021.01.08 -10.0C 2018.01.27 -14.6TC
Uiryeong 2021.01.08 -10.3C 2011.01.16 -17.0T

Jinju 2021.01.08 -9.10T 1997.01.24 -18.9T
Hadong 2021.01.08 -8.30C 2021.01.08 -13.3C
Nambhae 2021.01.08 -7.20C 2021.01.08 -11.5C

Naju 2021.01.08 -11.2C 2011.01.02 -16.3T

Haenam 2021.01.08 -11.6T 2021.01.08 -17.1C
Jangheung 2021.01.08 -9.10T 2021.01.08 -15.3C

Boseong 2021.01.08 -11.9TC 2021.01.08 -18.1TC
Gwangyang 2021.01.08 -8.0T 2018.01.27 -13.2C

Fig. 5. Changes in winter temperatures (y-axis: C) in Korea in 2020 (x-axis: December 1, 2020 to February 28, 2021).
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Table 5. Temperatures by province in winter 2020(B) (December 2020, January 2021, February 2021) compared to
temperature data from the past 30 years(A) (unit: C)

Average Temperature Minimum temperature Lowest Temperature
A B A B A B

Gyeonggi-do -2.73 -3.01 -7.2 -7.99 -14.76 -18.69
Gangwon-do -3.08 -3.44 -8.06 -8.84 -15.99 -19.15
Chungcheongnam-do -15 -1.66 -6.34 -7.01 -13.87 -19.68
Chungcheongbuk-do -2.84 -3 -7.89 -8.64 -15.52 -18.86
Jeollabuk-do -0.98 -0.64 -5.66 -5.76 -13.3 -19.27
Jeollanam-do 1.52 1.87 -2.35 -2.7 -8.45 -13.22
Gyeongsangbuk-do -0.59 -1.05 -5.36 -6.31 -12.35 -15.36
Gyeongsangnam-do 1.42 1.38 -3.36 -3.8 -9.75 -13.59
Jeju-do 6.04 6.7 3.11 3.45 -1.54 -3.48

Table 6. Comparison of average and minimum temperatures in areas with and without bamboo cold damage (unit: C)

Average Temperature Minimum temperature
30-year average 2020 30-year average 20209
Damaged area 0.48 0.99 -4.4 -4.14
No-damaged area 1.89 2.07 -3.45 -3.71

Table 7. Comparison of 10-day temperature(C) between regions with and without bamboo cold damage

Average Temperature Minimum temperature
Damaged region No-damaged region Damaged region No-damaged region
A B C A B C A B C A B C

1st~10th 2.69 1.85 -0.84  3.73 2.80 -093 -2.13 -273 -0.60 -156 -3.26 ~-1.70
Dec.  11th~20th 1.05 -0.80 -1.85 2.35 0.20 -2.15 -360 -511 -1.51 -296 -532 -2.36
21st~31st 0.08 0.43 0.35 1.42 1.14 -0.28 -4.63 -413 050 -3.83 -4.22  -0.39
1st~10th -1.00 -622 -522 054 -3.72 -426 -584 -11.85 -6.01 -470 -9.33 -4.63
Jan. 11th~20th  -0.78 -0.66  0.12 0.74 0.62 -0.12  -543 -6.03 -0.60 -4.34 -559 -1.25
21st~31st -0.95 4.00 4.95 0.53 4.45 392 -5.69 -0.67 5.02 -4.49  -0.61 3.88
1st~10th -0.47 1.30 1.77 1.18 2.58 1.40  -5.37 -4.03 1.34 -4.30 -3.43 0.87
Feb. 11th~20th 1.21 2.69 1.48 2.70 3.83 1.13 -4.06 -2.83 1.23 -3.05 -2.50  0.55
21st~28th 3.30 6.60 3.30 4.64 7.70 3.06 -220 0.77 2.97 -1.23 1.73 2.96

A: Temperature over the past 30 years B: Winter temperature in 2020 C: Temperature differences (B-A)

Table 8. Comparison of 3-day and 5-day averages based on the lowest and lowest temperatures of the winter 2020 (unit: T)

Damaged region No-damaged region

A B A B
Lowest temperature day -13.64 -19.02 -9.9 -15.41
3-day average based on lowest temperature day -11.91 -17.73 -8.41 -14.33
5-day average based on lowest temperature day -9.69 -15.7 -6.69 -12.85

A: Average Temperature, B: Minimum temperature
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Fig. 6. Low-temperature damage to bamboo in Damyang-gun. Damyang-gun Gyosan-ri village (left), Juknokwon (middle),
and bamboo inside Juknokwon (right) (photographe d on March 23, 2021).

March 23, 2001 August 19, 2021

March 21, 2021 March 17, 2022

Fig. 7. Comparison of bamboo (Phyllostachys sp.) recovering from low-temperature damage. The two photos on the left were
taken in Damyang-gun, Jeollanam-do, and the two photos on the right were taken in the Magoksa area of Gongju-si,

Chungcheongnam-do.
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