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ABSTRACT: As climate change intensifies, the importance of studying plant phenology has increased, leading to a surge in
research employing automated video recording devices like Phenocams. In this study, using the Phenocams operated by the
National Institute of Ecology, we examined the trends in plant phenological changes across diverse ecosystem types in South
Korea and analyzed their correlations with climate factors. The patterns of plant phenological changes varied by region and
tree species. Pinus thunbergii and Pinus densiflora typically show an overall increase in their growth period, positively
correlating with temperatures and precipitation during winter. However, uniquely, for Abjes koreanaon Hallasan Mt., a higher
amount of precipitation in August leads to an earlier end of season (eos), and the correlation analysis with the recent
phenomenon of dying A. Koreanaseems necessary. beyond the analysis, solutions for handling missing data issues during the
data collection process were proposed. Furthermore, to expand future research scope and encompass diverse ecosystem
types, a suggestion to combine Phenocam research with satellite observations was presented.
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Al 4= )t} (Duchenne et al. 2020, Gibson et al.
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Table 1. Information of Phenocam sites. GPS: global positioning system, AWS: the nearest Automatic Weather Station

Site Start year Observation target Altitude(m) GPS AWS
Quercus Mongolia E 128° 28" 5.94" Osaek
Jeombongsan Mt. 2018 Pinus densifiora 769 N 38° 2 16.92" (596)
Quercus acutissima E 126° 43’ 12.98" Seocheon
Seocheon 2018 Pinus thunbergii 13 N 36° 2 22.91" (614)
Upo 2019 Salix koreensis 14 Iil1325§’ 3?3? 335? 5777 Chargg? g;a ong
E 126° 40" 22.45" Wando-eup
Wando 2017 Quercus acuta 173 N 34° 21’ 32.69" (857)
, E 126° 31’ 59.25" Yeongsil
Hallasan Mt. 2018 Abies koreana 1573 N 33° 21" 9.11" (869)
Janghang 2023 Salix spp. 8 $\l1327§’ ;’; 1176 6216 -
Quercus variabilis E 126° 59 32.06"
Yeongyang 2023 Pinus densifiora 309 N 37° 33 4.59" -
. E 129° 9 9.45"
Namsan Mt. 2023 Quercus mongolia 184 N 36° 38’ 20.23" -

380"

37°0
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O New Installation('23)

1250 1260 127°0

128°0 129°0° 13007

Fig. 1. Map of Phenocams installed by the National Institute of Ecology. The black circles represent the Phenocams
used in this study, while the white circles denote the Phenocams newly installed in 2023. Each landscape image

depicts the sight captured by the respective Phenocam.

Fig. 2. The main components of the Phenocam system.

3

J! RGBsensor o
Camera £




M. Hong et al. / Ecol. Resil. Infrastruct. (2023) 10(4): 226-236

229

Table 2. Image data used in phenological analysis. It shows the annual count and total size of image data used for

analysis in each phenocam site

Year (No. of slides) Total
Site 2019 2020 2021 2022 2023 ';‘I‘i’&e‘;f (Séée)
Jeombongsan Mt. 1397 1185 962 1032 736 5312 70.2
Seocheon 947 915 834 642 542 3880 38.9
Upo - 1008 840 752 490 3180 412
Wando 752 671 458 537 632 3050 248
Hallasan Mt. 1072 1774 1071 984 430 5331 66.9

Fig. 3. Region of Interest (ROI) defined for extracting RGB Digital Number for each sites. a) Wando, b) Upo, c) Jeombongsan
Mt., d) Seocheon, e) Hallasan Mt.. Observation target is depicted in Table 1.
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Fig. 4. The analysis of phenophases by year for each site. The blue line represents sos, the green line represents
pop, and the red line represents eos. HI-Ak: Hallasan-Abies koreana, Jb-Qm: Jeombongsan-Quercus monglica, Jb-Pd:
Jeombongsan-Pinus densiflora, Sc-Pt. Seocheon-Pinus thunbergii, Sc-Qa1: Seocheon-Quercus acutissima, Wd-Qa2:
Wando-Quercus acuta, Up-Sk: Upo-Salix koreenis. *sos: start of season, pop: peak of season position, eos: end

of season.

Table 3. Yearly length of growing season in each phenocam site. It represents the value of end of season (eos) minus
start of season (sos). HI-Ak: Hallasan-Abies koreana, Jb-Qm: Jeombongsan-Quercus monglica, Jb-Pd: Jeombongsan-Pinus
densiflora, Sc-Pt: Seocheon-Pinus thunbergii, Sc-Qa1: Seocheon-Quercus acutissima, Wd-Qa2: Wando-Quercus acuta,

Up-Sk: Upo-Salix koreenis

Length of season (day)
HI-Ak Jb-Qm Jb-Pd Sc-Pt Sc-Qat Wd-Qa2 Up-Sk

2019 166 149 168 172 188 130

2020 142 142 145 139 93 211
2021 213 160 163 112 195
2022 244 159 240 184 162 188
2023 252 182 141 75 191
Mean 191 176 163 173 186 114 196
(t) SE 23 26 6 24 2 15 5
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Fig. 5. Linear regression analysis of phenophase variation by site over time. The points on the graph represent regression
coefficients, signifying the annual rate of change. Error bars depict the standard error. *sos: start of season, pop:

peak of season position, eos: end of season.
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Fig. 6. Correlation analysis between phenophases and climatic factors using Pearson correlation coefficient.

*. p-value < 0.05, n.s: not significant
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Appendix 1. Yearly total precipitation in August observed at Hallasan Mt., Yeongsil. The red dashed line represents
the mean total precipitation in August measured from 2000 to 2023 Hallasan Mt.



