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Introduction

There are several factors essential for the survival of plants, 

such as light, temperature, and moisture, which act in a com-

plex manner. Of these, as an environmental factor in which 

plants grow, whether or not plants can survive in a given 

area depends on temperature; in particular, the minimum tem-

perature can be an important factor in the survival of plants. 

Each plant has its own survival strategy for yearly getting 

through the winter and passing on to the next generation (Galan 

de Mera et al., 1999). In addition, plants have cold tolerance 

through various physiological mechanisms to survive below a 

certain temperature (Guy, 1990; Hunter and Lechowicz, 1992). 

The degree of cold tolerance for each plant is an important 

measure for determining whether the plant can be cultivated 

in the area, as well as whether a plant can grow wild in an 

area (Daly et al., 2012). In this regard, the US Department of 

Agriculture developed a plant hardiness zone map (PHZM) 
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ABSTRACT

Background and objective: This study was conducted to establish a Plant Hardiness Zone (PHZ) map, investigate the effect

of global warming on changes in PHZ, and elucidate the difference in the distribution of evergreen trees between the central

and southern region within hardiness Zone 7b in Korea.

Methods: Mean annual extreme minimum temperature (EMT) and related temperature fluctuation data for 40 years (1981 

to 2020) in each of the meteorological observation points were extracted from the Open MET Data Portal of the Korea 

Meteorological Administration. Using EMT data from 60 meteorological observation points, PHZs were classified according

to temperature range in the USDA Plant Hardiness Zone Map. Changes in PHZs for each decade related to the effects of

global warming were analyzed. Temperature fluctuation before and after the day of EMT were analyzed for 4 areas of Seoul,

Suwon, Suncheon, and Jinju falling under Zone 7b. For statistical analysis, descriptive statistics and ANOVA were 

performed using the IBM SPSS 22 Statistics software package.

Results: Plant hardiness zones in Korea ranged from 6a to 9b. Over four decades, changes to warmer PHZ occurred in 10

areas, especially in colder ones. Based on the analysis of daily temperature fluctuation, the duration of sub-zero 

temperatures was at least 2 days in Seoul and Suwon, while daily maximum temperatures were above zero in Suncheon 

and Jinju before and after EMT day.

Conclusion: It was found that the duration of sub-zero temperatures in a given area is an important factor affecting the 

distribution of evergreen trees in PHZ 7b.
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for the United States by classifying plant hardiness zones 

based on the minimum temperature throughout the year us-

ing meteorological data collected from all over the United 

States (USDA, 1965). The PHZM is broadly divided into 13 

zones, and further sub-divided into 26 half zones (Daly et al., 

2012). Since the USDA published the PHZM, many countries 

such as Europe, Canada, Japan, China, Australia, Turkey, and 

Albania have made and used similar maps using their own 

meteorological data (Mckenney et al., 2014; Teqja et al., 2017). 

Plant hardiness zones are widely used throughout the agri-

cultural industry since they serve as an important criterion 

for determining which plants can be grown in a given area 

(Widrlechner et al., 2012). In United States and Europe, where 

gardening culture is widely accepted, the plant hardiness 

zone is used to select appropriate plants in private garden 

(Daly et al., 2012; Widrlechner et al., 2012).

Recently, the research on global warming has been con-

ducted in various fields. Chung and Yun (2008) reported the 

effect of increase in winter temperatures in East Asia on 

dormancy depth of fruit trees, and decreased the area where 

fruit trees can overwinter accordingly, they suggested meas-

ures for adaptation to climate change, such as relocating fruit 

trees to a suitable cultivation region or introducing exotic fruit 

trees that can winter. In the field of landscaping, research is 

also being conducted on the planting of various ornamental 

or landscaping broad leaf evergreens in the central region 

due to climate change (Kim et al., 2010; Kim et al., 2016). 

Krakauer (2018) reported that from 1970 to 2016, the 

annual minimum temperature had increased by 1.5 to 2.5°C 

in the cold regions where the annual minimum temperature 

was -10°C or lower, and the annual minimum temperature 

had also increased by less than 1°C in the tropical regions 

where the annual minimum temperature was 0°C or higher. 

However, the results of the study only covered North America, 

Europe, and North Asia between latitudes 30° and 60°N. Teqja 

et al. (2017) studied the impacts of climate change scenarios 

on the plant hardiness zones of Albania. They expected that the 

coldest zone in Albania, Zone 6a, would gradually disappear 

over time due to global warming, while that the size of the 

warm Zone 10a would increase, and proposed the introduction 

of new crops.

Suh and Huh (2011) reported that plant hardiness zones 

of Korea ranged from Zone 6a to Zone 9b, based on the 

results of an analysis using data from 76 meteorological 

stations in Korea for 20 years from 1990 to 2009. These 

results were also confirmed to be consistent with the find-

ings of Cho et al. (2013), which classified plant hardiness 

zones using data over a 30-year period from 1981 to 2010. 

Our study collected the extended scope of data for 40 years 

from 1981 to 2020 as a follow-up to the previous study of 

Suh and Huh (2011); based on the collected data, plant har-

diness zones (PHZs) were classified, and the effect of global 

warming on PHZs was examined, as well as the chronological 

changes in the annual extreme minimum temperature. We 

also investigated to determine factors affecting the distribution 

of evergreen trees in Seoul, Suwon, Jinju, and Suncheon, which 

are classified within the same plant hardiness zone, 7b.

Research Methods

Data collection

To determine the mean annual extreme minimum tem-

perature based on the USDA plant hardiness zone criteria, 

temperature analysis data from January 1, 1981 to December 

31, 2020, obtained from a total of 103 meteorological ob-

servation points nationwide, were extracted from the KMA 

Open MET Data Portal (data.kma.go.kr). For chronological 

comparison on the data for 40 years, meteorological ob-

servation points that did not have all meteorological data 

from January 1, 1981 to December 31, 2020 were excluded 

from the total of 103 points. Therefore, as shown in Table 

1, this study was conducted using data from a total of 60 

meteorological observation points(Table 1). 

Data collection and analysis method

Data rearrangement for analysis

The average temperature, minimum temperature, and max-

imum temperature data, which were raw temperature data 

extracted from the KMA Open MET Data Portal, were col-

lected and arranged using Microsoft EXCEL. After annual 

extreme minimum temperature was calculated, and 60 PHZs 

were classified based on USDA plant hardiness zone criteria 

(Widrlechner et al., 2012). In addition, for a comparative 
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analysis of the regions belonging to Zone 7b, the following 

data were extracted for Seoul, Suwon, Suncheon, and Jinju: 

mean of daily minimum temperature (MMT) for December- 

January; 40-year mean of yearly lowest value on daily max-

imum temperature for December-February; the number of days 

on the year when the maximum temperature is below –1°C, 

-2°C, and –3°C; daily maximum temperature(DMT) before 

day of yearly extreme minimum temperature for December- 

February; DMT a day of yearly extreme minimum temper-

ature for December-February; DMT after day of yearly ex-

treme minimum temperature for December-February; and 

the duration of DMT below zero after the annual EMT.

Analysis method

Statistical analysis and graphing were performed using 

the IBM SPSS 22 Statistics software package. Descriptive 

statistical analysis and one-way ANOVA were conducted on 

the values derived through data rearrangement at a significance 

level of 95%.

Results and Discussion

Classification of plant hardiness zones in Korea

Plant hardiness zones based on data from 1980 to 2020

Table 2 and Fig. 1 shows the results of classifying 60 

meteorological observation points by applying the PHZ cri-

teria to the mean annual EMT for 40 years from 1981 to 

2020. In Korea, PHZs were determined to range from 6a to 

9b, which is consistent with the findings reported in previous 

studies (Suh and Huh, 2011; Cho et al., 2013). However, the 

distribution status by PHZ was found to be slightly different 

from that reported by Cho et al. (2013). Our study revealed 

that Zone 7b is the most broadly distributed, with 15 regions 

(25.0%), followed by Zone 8a with 14 (23.3%), Zones 7a and 

8b with 10 (16.7%) each, Zone 6b with 6 (10.0%), 9b with 3 

(5.0%), and Zones 6a and 9a with 1 (1.7%), respectively. Cho 

et al. (2013) reported that Zone 7a had the highest distribution, 

covering 29.5% of Korea, followed by Zone 7b with 19.3% 

Province Region No.

Gyeonggi Ganghwa, Icheon, Incheon, Seoul, Suwon, Yangpyeong 6

Gangwon Chuncheon, Daegwannyeong, Gangneung, Hongcheon, Inje, Sokcho, Wonju 7

Jeolla Buan, Gwangju, Gunsan, Namwon, Imsil, Jeonju, Jeongeup, Goheung, Mokpo, Yeosu, Wando, Jangheung, Haenam 13

Chungcheong Daejeon, Boeun, Jecheon, Cheongju, Chupungnyeong, Chungju, Geumsan, Boryeong, Buyeo, Seosan, Cheonan 11

Gyeongsang
Busan, Daegu, Geochang, Geoje, Gumi, Hapcheon, Jinju, Miryang, Mungyeong, Namhae, Pohang, Sancheong, 

Tongyeong, Uiseong, Uljin, Ulleung, Ulsan, Yeongcheon, Yeongdeok, Yeongju 
20

Jeju Seogwipo, Seongsan, Jeju 3

Note. N = 60.

Table 1. Region with meteorological measurement for 40-years

Zone
Temperature range 

(℃)

No.
Region

Fre. %

Zone 6
a -23.3 ~ -20.6  1  1.7 Daegwannyeong

b -20.6 ~ -17.8  6 10.0 Chuncheon, Hongcheon, Inje, Jecheon, Uiseong, Yangpyeong

Zone 7

a -17.8 ~ -15.0 10 16.7 Boeun, Buyeo, Cheonan, Chungju, Ganghwa, Geumsan, Icheon, Imsil, Yeongju, Wonju 

b -15.0 ~ -12.2 15 25.0
Buan, Cheongju, Chupungnyeong, Daejeon, Geochang, Gumi, Hapcheon, Incheon, Jinju, 

Mungyeong, Namwon, Seosan, Seoul, Suwon, Yeongcheon

Zone 8
a -12.2 ~ -9.4 14 23.3

Boryeong, Daegu, Haenam, Gangneung, Goheung, Gunsan, Jangheung, Jeongeup, Jeonju, 

Miryang, Sancheong, Sokcho, Uljin, Yeongdeok

b -9.4 ~ -6.7 10 16.7 Busan, Geoje, Gwangju, Mokpo, Namhae, Pohang, Tongyeong, Ulleung, Ulsan, Yeosu 

Zone 9
a -6.7 ~ -3.9  1  1.7 Wando

b -3.9 ~ -1.1  3  5.0 Jeju, Seogwipo, Seongsan

Note. N = 60.

Table 2. Classification of plant hardiness zone in Korea
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coverage, Zone 6b with 18.4%, and Zone 8a with 17.7%. 

The reason for this difference may be resulted from the 

difference in the period and/or area investigated. 

Mean annual extreme minimum temperature (EMT) 

and chronological changes by PHZ

(1) Zone 6 

Zone 6, which is classified as the coldest zone in Korea, 

was found to be distributed through 7 regions (Table 3). 

Specifically, Daegwannyeong was the only region belonging 

to Zone 6a with an EMT in the range of -23.3 ℃ to -20.6 ℃; 

for the chronological changes, MEMT rose to Zone 6b level 

in the 1990s, but has been maintained at a Zone 6a level 

after returning to that level in the 2000s, and this change 

was not significantly different.

Zone 6b, where the EMT ranges from -20.6 ℃ to -17.8 ℃, was 

found to be distributed in 6 regions including Inje, Chuncheon, 

Hongcheon, Yangpyeong, Uiseong, and Jecheon. Chronological 

change of PHZ was found in Hongcheon and Yangpyeong. 

In case of Hongcheon, PHZ changed from Zone 6a in the 

1980s to Zone 6b in the 1990s, and remained at the Zone 

6b thereafter. Yangpyeong belonged to Zone 6a in the 1980s, 

but it underwent severe changes in MEMT to reach Zone 7a 

in the 1990s; and then, the temperature saw repeated fluctu-

ations, decreasing to the Zone 6b level in the 2000s and 

rising again to the Zone 7a level in the 2010s. Based on 

MEMT for 40 years, Yangpyeong was classified as Zone 6b. 

These results are also supported by the findings of several 

studies, which report that due to the effects of global warming, 

the colder the region, the greater the change in the annual 

EMT, which is the criterion for the classification of PHZs. 

Parker and Abazoglou (2016) found that in the United States, 

the annual EMT increased by 1.7 ℃ in the southeastern 

region during the observation period from 1979 to 2012, while 

it increased by more than 5 ℃ in the more northern mid-

western and northern regions. In addition, Krakauer (2018) 

reported that annual EMT has increased by 1.5-2.5 ℃ in 

cold regions where annual EMT was below -10 ℃, but 

has risen by less than 1 ℃ in tropical regions where annual 

EMT was above 0 ℃. In the results of this study, changes 

in MEMT with a similar tendency to those of the above 

studies were also found, but it is considered that these tem-

perature changes did not accompany a significant change 

in zone category for all regions classified as Zone 6b. Fig. 1. Plant hardiness map in Korea.

Region
1980s 1990s 2000s 2010s Total

F p
Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone

Daegwannyeong -23.02 2.38 6a -20.05 1.52 6b -21.85 3.41 6a -22.23 2.39 6a -21.79 2.66 6a 2.497 .075

Chuncheon -20.07 3.50 6b -16.70 0.91 7a -18.46 3.08 6b -18.96 3.09 6b -18.55 2.99 6b 2.456 .079

Hongcheon -22.61 3.72 6a -18.84 1.67 6b -20.58 3.16 6b -19.28 2.94 6b -20.33 3.22 6b 3.242  .033*

Inje -20.97 3.05 6a -18.65 2.39 6b -19.93 2.96 6b -18.94 2.89 6b -19.62 2.87 6b 1.380 .264

Jecheon -21.72 3.82 6a -18.87 1.71 6b -20.46 3.52 6b -20.39 2.83 6b -20.36 3.13 6b 1.436 .248

Uiseong -18.68 2.67 6b -17.21 2.01 7a -17.62 1.86 7a -18.09 2.82 6b -17.90 2.35 6b .708 .554

Yangpyeong -22.54 5.64 6a -16.72 2.05 7a -17.89 3.00 6b -16.98 2.84 7a -18.53 4.23 6b 5.577 .003**

*, ** p < .05, 01.

Table 3. Changes in mean extreme minimum temperature for each decade in Zone 6
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(2) Zone 7

Zone 7, which has the largest number of areas in Korea, 

was examined in detail by dividing it into Zone 7a (-17.8 ℃ 

to -15.0 ℃) and Zone 7b (-15.0 ℃ to –12.2 ℃). Significant 

chronological changes were found in the areas belonging 

to Zone 7a such as Wonju, Yeongju, Boeun, and Chungju 

(Table 4). From MEMT data, Wonju belongs to Zone 6a 

in the 1980s, but changed to the Zone 7a in the 1990s 

and maintained until now. Yeongju, Boeun, and Chungju 

all fell under Zone 6b in the 1980s, but like Wonju, MEMT 

changed to the Zone 7a level in the 1990s and tended to 

remain at the same PHZ. 

Suwon, Gumi, and Cheongju, belonging to PHZ 7b, showed 

significant chronological changes in MEMT. Suwon and 

Cheongju were areas that fell under Zone 7a in the 1980s, 

but it was revealed that the MEMT rose in the 1990s to 

the Zone 7b level and was maintained until now. On the 

other hand, for Gumi, the MEMT was at the Zone 7b level 

in the 1980s and 1990s, but increased to the Zone 8a level 

in the 2000s and 2010s. 

(3) Zone 8

In case of Zone 8, which is distributed in the second- 

largest number of areas after Zone 7 in Korea (Table 5), 

Daegu was only found to show a statistically significant 

difference in chronological temperature changes in PHZ. 

(4) Zone 9

As for Zone 9 (Table 6), Zone 9a (-6.7 ℃ to -3.9 ℃) 

was found to be distributed only in Wando; its temperature 

showed a significant change to the Zone 8b level for a 

period of time in the 2000s, but it was confirmed that the 

Region
1980s 1990s 2000s 2010s Total

F p
Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone

Boeun -20.59 3.23 6b -16.26 2.25 7a -16.25 2.70 7a -17.47 2.88 7a -17.64 3.22 7a 5.399 .004**

Buyeo -16.66 3.28 7a -14.94 2.24 7b -14.74 2.51 7b -14.66 2.75 7b -15.25 2.74 7a 1.212 .319

Cheonan -17.40 2.70 7a -14.72 1.75 7b -17.59 3.91 7a -16.34 2.90 7a -16.51 3.03 7a 2.036 .126

Chungju -20.12 5.32 6b -15.76 1.62 7a -16.73 2.62 7a -16.90 2.71 7a -17.38 3.63 7a 3.187 .035*

Ganghwa -18.12 3.52 6b -14.44 1.13 7b -16.06 3.17 7a -15.93 3.18 7a -16.14 3.09 7a 2.706 .060

Geumsan -16.71 2.40 7a -16.05 1.98 7a -16.11 2.24 7a -16.37 2.91 7a -16.31 2.33 7a .156 .925

Icheon -19.32 4.12 6b -15.59 1.40 7a -17.88 3.25 6b -17.63 2.83 7a -17.61 3.24 7a 2.511 .074

Imsil -19.03 3.56 6b -17.33 2.56 7a -16.64 3.60 7a -16.75 3.37 7a -17.44 3.32 7a 1.119 .354

Yeongju -18.54 2.85 6b -15.06 1.67 7a -15.71 2.33 7a -16.28 2.51 7a -16.40 2.64 7a 4.050 .014*

Wonju -21.07 4.31 6a -16.39 1.13 7a -17.11 2.73 7a -15.69 2.66 7a -17.57 3.52 7a 6.758 .001**

Buan -15.42 4.02 7a -13.19 3.38 7b -13.26 3.21 7b -12.95 2.79 7b -13.71 3.40 7b 1.161 .338

Cheongju -17.53 2.64 7a -13.60 1.59 7b -14.31 2.44 7b -13.06 3.19 7b -14.63 3.00 7b 6.260 .002**

Chupungnyeong -13.80 1.76 7b -12.07 0.84 8a -13.33 2.35 7b -13.93 2.23 7b -13.28 1.96 7b 2.016 .129

Daejeon -14.38 1.74 7b -12.63 1.46 7b -13.45 2.32 7b -13.54 2.91 7b -13.50 2.19 7b 1.078 .371

Geochang -15.07 1.69 7a -14.09 1.98 7b -13.80 1.96 7b -14.38 2.24 7b -14.34 1.96 7b .757 .526

Gumi -14.61 2.49 7b -12.46 2.10 7b -11.46 1.74 8a -11.82 2.67 8a -12.59 2.51 7b 3.835 .018*

Hapcheon -13.40 1.84 7b -11.98 1.17 8a -12.66 1.62 7b -13.03 1.92 7b -12.77 1.68 7b 1.325 .281

Incheon -13.74 2.55 7b -11.84 1.67 8a -12.39 3.10 7b -13.09 2.84 7b -12.77 2.60 7b 1.013 .398

Jinju -13.21 1.92 7b -11.64 1.90 8a -12.60 1.69 7b -12.09 1.78 8a -12.39 1.85 7b 1.375 .266

Mungyeong -14.84 1.92 7b -12.80 0.61 7b -14.15 2.57 7b -14.01 2.46 7b -13.95 2.10 7b 1.721 .180

Namwon -14.70 2.39 7b -15.55 3.73 7a -15.49 3.98 7a -14.22 2.93 7b -14.99 3.24 7b .375 .771

Seosan -14.17 2.77 7b -12.87 1.92 7b -13.99 2.89 7b -13.05 2.39 7b -13.52 2.49 7b .675 .573

Seoul -14.96 2.44 7b -12.16 1.63 8a -13.80 3.02 7b -14.39 2.99 7b -13.83 2.70 7b 2.194 .106

Suwon -17.35 3.78 7a -13.37 1.26 7b -14.54 2.79 7b -14.07 2.85 7b -14.83 3.11 7b 3.834 .018*

Yeongcheon -14.55 2.85 7b -13.43 1.72 7b -13.10 1.47 7b -13.07 2.16 7b -13.54 2.12 7b 1.076 .372

*, ** p < .05, 01. 

Table 4. Changes in mean extreme minimum temperature for each decade in Zone 7
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MEMT had increased back to the Zone 9a level in the 

2010s. Zone 9b was found to be generally distributed in 

Jeju Island, including Seogwipo, Seongsan, and Jeju. The 

regions falling under Zone 9b showed no significant differ-

ence in the change of PHZ resulting from chronological 

temperature changes.

Temperature affecting the presence of evergreen 

trees in Zone 7b 

Temperature and daily maximum temperature for the 

period January-February

The main variable used to classify plant hardiness zones is 

the mean annual extreme minimum temperature (Del Tredici, 

1990; Magarey et al., 2008). However, this classification does 

not take into account various variables that distinguish plant 

hardiness for surviving the winter (Magarey et al., 2008). In 

Region
1980s 1990s 2000s 2010s Total

F p
Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone

Boryeong -13.27 2.56 7b -12.23 2.37 7b -11.30 2.55 8a -11.12 2.58 8a -11.98 2.57 8a 1.543 .220

Daegu -11.38 1.26 8a -8.96 0.89 8b -9.67 2.17 8a -10.27 2.70 8a -10.07 2.03 8a 2.919 .047*

Haenam -9.86 2.01 8a -9.06 1.22 8b -11.22 2.46 8a -10.83 2.08 8a -10.24 2.10 8a 2.377 .086

Gangneung -11.45 1.94 8a -9.86 1.37 8a -11.07 2.94 8a -10.78 2.70 8a -10.79 2.31 8a .852 .475

Goheung -10.26 1.95 8a -9.25 1.43 8b -9.31 1.70 8b -9.53 1.83 8a -9.59 1.72 8a .711 .552

Gunsan -10.82 2.03 8a -9.07 1.25 8b -11.44 2.69 8a -11.40 2.44 8a -10.68 2.31 8a 2.615 .066

Jangheung -10.97 2.42 8a -10.07 1.51 8a -10.28 1.96 8a -10.34 2.05 8a -10.42 1.96 8a .371 .775

Jeongeup -13.38 2.12 7b -11.09 1.74 8a -12.11 2.46 8a -12.19 2.46 8a -12.19 2.28 8a 1.793 .166

Jeonju -12.63 1.92 7b -11.16 1.71 8a -11.64 2.55 8a -11.53 2.69 8a -11.74 2.23 8a .777 .514

Miryang -12.86 1.86 7b -11.09 1.46 8a -12.19 1.46 8a -11.74 1.99 8a -11.97 1.77 8a 1.898 .147

Sancheong -11.81 1.59 8a -11.44 1.26 8a -10.60 1.69 8a -11.40 1.92 8a -11.31 1.63 8a .974 .416

Sokcho -11.41 1.94 8a -10.73 1.21 8a -12.06 2.44 8a -11.93 2.73 8a -11.53 2.14 8a .784 .511

Uljin -11.09 1.60 8a -9.45 1.03 8a -10.11 2.38 8a -10.33 2.83 8a -10.25 2.09 8a 1.056 .380

Yeongdeok -11.44 1.77 8a -9.79 1.00 8a -10.88 2.49 8a -11.17 3.00 8a -10.82 2.21 8a 1.084 .368

Busan -9.07 1.49 8b -6.73 1.25 8b -7.81 2.47 8b -7.97 2.54 8b -7.90 2.12 8b 2.241 .100

Geoje -8.42 1.45 8b -7.29 1.16 8b -7.61 2.13 8b -6.83 2.14 8b -7.54 1.80 8b 1.426 .251

Gwangju -9.90 1.61 8a -8.60 1.62 8b -9.43 2.24 8a -9.37 2.02 8b -9.33 1.88 8b .809 .497

Mokpo -7.51 1.71 8b -6.47 1.84 9a -7.66 2.16 8b -7.49 2.17 8b -7.28 1.96 8b .763 .522

Namhae -9.35 1.57 8b -7.45 1.39 8b -8.49 2.08 8b -8.19 1.51 8b -8.37 1.74 8b 2.246 .100

Pohang -10.21 1.50 8a -7.85 1.37 8b -9.22 2.33 8b -9.48 2.72 8a -9.19 2.16 8b 2.298 .094

Tongyeong -8.17 1.39 8b -6.47 1.70 9a -7.46 2.15 8b -7.26 1.89 8b -7.34 1.84 8b 1.501 .231

Ulleung -7.17 1.42 8b -6.72 1.27 8b -7.86 2.40 8b -6.75 2.40 8b -7.13 1.93 8b .746 .532

Ulsan -10.06 1.37 8a -7.82 1.21 8b -8.47 2.17 8b -9.15 2.86 8b -8.88 2.11 8b 2.270 .097

Yeosu -8.08 1.42 8b -6.34 1.63 9a -7.07 2.38 8b -7.41 2.00 8b -7.23 1.93 8b 1.462 .241

* p < .05.

Table 5. Changes in mean extreme minimum temperature for each decade in Zone 8

Region
1980s 1990s 2000s 2010s Total

F p
Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone Mean SD Zone

Wando -5.56 1.38 9a -4.25 2.16 9a -6.79 2.12 8b -6.22 1.97 9a -5.71 2.09 9a 3.185 .035*

Jeju -2.51 1.12 9b -0.62 1.08 10a -1.14 1.82 9b -1.06 2.28 10a -1.33 1.74 9b 2.446 .080

Seogwipo -2.87 1.17 9b -0.86 0.72 10a -1.71 1.80 9b -1.40 2.43 9b -1.71 1.76 9b 2.619 .066

Seongsan -3.65 1.54 9b -2.75 0.84 9b -2.52 1.87 9b -2.62 1.85 9b -2.89 1.59 9b 1.074 .372

* p < .05.

Table 6. Changes in mean extreme minimum temperature for each decade in Zone 9
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this regard, even in regions categorized as being in the same 

PHZ, there may be differences in the distribution of evergreen 

trees. For example, in Korea, differences in the presence of 

evergreen trees between the central (Seoul, Suwon) and south-

ern regions (Suncheon, Jinju) belonged to Zone 7b is widely 

acknowledged. While it is difficult to specify a certain area, 

Bang and Lee (1995), who investigated the distribution of 

landscaping plants in Korea, reported that the ratio of ever-

green to deciduous trees in the Seoul-Gyeonggi region was 

28:72, while in Gyeongnam and Jeonnam in the southern 

region it was 39.2:60.8 and 40.6:59.4, respectively, It sug-

gested that the proportion of evergreen trees was higher in 

the southern region. Furthermore, Bang and Lee (1995) re-

ported that Camellia japonica L., a representative tree species 

of evergreen broadleaf forests in the Korean Peninsula, was 

likely to overwinter in places that could block the north winds 

in Seoul or Suwon. It seemed to be some factors that hinder the 

wintering of the species in Seoul and Suwon(PHZ 7b), while 

Camellia japonica L. belongs to USDA Zones 7-9 (Missouri 

botanical garden, N.A.). Therefore, we aim to determine tem-

perature factors that distinguish plant hardiness by comparing 

between the central region (Seoul, Suwon) and the southern 

region (Jinju, Suncheon), which fall under the same Zone 

7b but differ in the presence of evergreen trees. In case of 

Suncheon, the site of observation point changed during our 

investigated period, it was impossible to collect its annual 

EMT data for 40 consecutive years. However, based on the 

data up to 1997, before the observation point was changed, 

Suncheon was identified as falling under Zone 7b with a 

MEMT of 12.2 ℃.

Plant hardiness zones are classified based on the mean 

minimum temperature of the coldest month of the year. 

Therefore, in this study, Seoul, Suwon, Jinju, and Suncheon 

were compared using temperature data from December to 

February, the coldest months in Korea (Table 7). In the analysis 

of the mean daily minimum temperature (MMT) in December 

to February, Suwon had the lowest MMT at -5.9 ℃, and Seoul, 

Jinju, and Suncheon were statistically similar at -4.8 ℃, -4.9 ℃, 

and -4.4 ℃, respectively. These results indicates that the MMTs 

of Jinju and Suncheon are similar to that of implying that 

MMT in cold months does not appear to significantly affect 

plant hardiness.

Next, through comparing mean yearly lowest value on daily 

maximum temperature it was confirmed that Seoul had the 

lowest at -7.3 ℃, followed by Suwon at -6.3 ℃, Suncheon 

at -2.3 ℃, and Jinju at -0.5 ℃. A statistically significant 

difference was also found between the central region (Seoul, 

Suwon) and the southern region (Jinju, Suncheon). 

In terms of the number of days in the year when the max-

imum temperature is below of -1 ℃, -2 ℃, and -3 ℃ from 

December to February, it was one day or less in the southern 

regions. On the other hand, in Seoul and Suwon in the cen-

tral region, the number of days below -1 ℃ was 16.1 days 

and 13.2 days, the number of days below -2 ℃ was 12.2 

days and 9.4 days, and the number of days below -3 ℃ was 

8.6 days and 6.3 days, respectively. 

Annual daily minimum temperature

Regarding the annual extreme minimum temperature (EMT), 

which is the classification standard for plant hardiness maps, 

we compared the daily maximum temperature (DMT) the 

day before, the day of, and the day after the annual EMT, 

and duration of DMT below zero after the annual EMT 

(Table 8). 

Item
Seoul Suwon Jinju Suncheon

F p
(Mean ± SD)

MMT (℃)  -4.8±1.6bz -5.9±1.9a -4.9±1.3b -4.4±1.1b  6.02 .001

MHLV (℃)  -7.3±2.6a -6.3±2.4a -0.5±2.1c -2.3±2.0b 73.87 <.001

MTB -1℃ (days)  16.1±9.3b 13.2±8.5b  0.5±0.8a  2.9±3.2a 46.26 <.001

MTB -2℃ (days)  12.2±7.8c  9.4±7.1b  0.3±0.5a  1.4±0.8a 39.56 <.001

MTB -3℃ (days)  8.6±6.8b  6.3±5.8b  0.1±0.3a  0.6±0.8a 28.45 <.001

zDifferent letters in the same column indicate significant difference according to Duncan’s multiple range test at p < .05. 

Table 7. Mean daily minimum temperature (MMT), mean yearly lowest value on daily maximum temperature (MHLV), 

the number of days in the year when the maximum temperature is below (MTB) of Seoul, Suwon, Jinju, Suncheon in 

plant hardiness zone 7b
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In terms of DMT the day before the annual EMT, a 

significant difference was found between the central region 

and the southern region; Seoul and Suwon, in the central 

region, were -4.7℃ and -5.1℃, respectively, and Jinju and 

Suncheon, in the southern regions, were 1.8℃ and 0.0℃, 

respectively. Significant differences between the regions al-

so appeared in DMT on the day of the annual EMT, with 

Seoul having the lowest at -6.2℃, followed by Suwon at 

-3.4℃, Suncheon at 0.5℃, and Jinju at 4.8℃. DMT the day 

after the annual EMT was also the lowest in Seoul at -2.

0℃, followed by Suwon at 0.9℃, Suncheon at 4.5℃, and 

Jinju at 7.5℃. In addition, the duration of DMT below 

zero after the annual EMT was confirmed to be 2.1 days in 

Seoul, 0.7 days in Suwon and 0 days in Jinju and Suncheon, 

showing a statistically significant difference between Seoul 

and the others.

From these results, even if the annual EMT falls below 

freezing, DMT on the very day or the next day was gen-

erally recovered to above zero in Jinju and Suncheon, the 

southern region. However, in Seoul and Suwon, in the cen-

tral region, the sub-zero temperatures lasted longer than 

those in the southern regions.

As such, the continuous sub-zero DMT before and after 

the annual EMT in the central region made it difficult for 

plants with cold resistance to survive even in the same Zone 

7b, which it is considered to bring about a difference in the 

distribution of evergreen plants between the regions, although 

both regions fall under the same plant hardiness zone.

Conclusion

Temperature data from the Korea Meteorological Admini- 

stration from 1981 to 2020 were analyzed to determine plant 

hardiness zones and their temporal change in Korea. Based 

on the mean annual EMT in Korea for 40 years, plant hardi-

ness zones were divided according to the temperature criteria 

of USDA PHZM; as a result, the PHZs were confirmed to 

be in the range of Zone 6a to Zone 9b. In Korea, Zone 7b 

was found to be the most widely distributed with 15 regions, 

followed by 8a (14 regions), 7a and 8b (10 regions each), 6b 

(6 regions), 9b (3 regions), and 6a and 9a (1 region each). 

When investigating the effect of global warming on the changes 

in the annual EMT, it was confirmed that in some areas 

such as Yangpyeong and Wonju, the annual EMT increased 

due to urbanization, so their zone category were changed. 

Differences in the fluctuation pattern of DMT in winter 

between central region(Seoul and Suwon) and southern re-

gion(Jinju and Suncheon) in Korea, which are all classified 

as Zone 7b but different distribution of evergreen broadleaf 

trees, were elucidated. In the central region, the DMT the day 

before or the day of the annual EMT continued to be below 

zero, but in the southern region, the DMT the day before or 

the day of the annual EMT was maintained above zero. These 

findings suggest that the duration of sub-zero temperatures 

above a certain level is a crucial factor affecting the cold 

tolerance of evergreen trees in PHZ 7b. A limitation of this 

study is that in the process of selecting regions where all tem-

perature data for 40 years were confirmed, many regions in 

Korea were excluded, so only 60 regions were classified as 

plant hardiness zones. Despite this limitation, this study shows 

that sub-zero temperature duration can contribute to the dif-

ferences in the distribution of evergreen broadleaf trees in 

Item
Seoul Suwon Jinju Suncheon

F p
(Mean ± SD)

DMT (D-1, ℃) -4.7 ±3.7az -5.1±2.7a 1.8±3.2c 0.0±2.5b 57.45 <.001

DMT (D-day, ℃) -6.2±3.3a -3.4±3.2b 4.8±2.6c 3.5±3.4c 90.87 <.001

DMT (D+1, ℃) -2.0±3.4a  0.9±3.5b 7.5±3.4d 5.2±4.4c 59.45 <.001

DBZ (day)  2.1±2.7b  0.7±1.2a 0.0±0.0a 0.0±0.2a 14.70 <.001

Note, D-1 = before day of yearly extreme minimum temperature; D-day = a day of yearly extreme minimum temperature; D+1 = after day of yearly extreme 

minimum temperature. 
zDifferent letters in the same column indicate significant difference according to Duncan’s multiple range test at p < .05.

Table 8. Difference in daily maximum temperature (DMT) and duration of below zero temperature (DBZ)
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regions falling under the same plant hardiness zone. 
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