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Evaluation of Resilience of Korean Pine Plantations to Drought
by Thinning Frequency
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Forest Ecology Division, National Institute of Forest Science, Seoul 02455, Korea
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Abstract: Mass forest die-offs have become more frequent in recent decades and are expected to increase further
due to drought and heat waves driven by climate change. Consequently, forest management has gained importance
as a strategy for climate change adaptation and mitigation. This study assessed drought resilience in relation to
thinning frequency in a 63-year-old Korean pine plantation on Mt. Gari, Chuncheon, Gangwon-do. The study site
included three treatment areas: (1) Control, (2) Thin 1(thinned in 2007 with a 35% reduction), and (3) Thin 2(thinned
in 2000 with a 20% reduction and again in 2007 with a 35% reduction). In April 2022, tree-ring cores were extracted
from each area to construct chronologies and measure basal area increment(BAI). A resilience index was applied to
three drought events in 2001, 2008, and 2014~2017 to assess thinning effects. Dendrochronology results showed that
BAI increased with thinning frequency. Resistance was significantly higher in the thinned plots compared with the
control plots during the 2008 drought. However, low resistance was observed in 2000, which may be attributed to
the relatively low thinning intensity compared with drought severity. No significant difference was observed between
thinned plots, which may result from using BAI to quantify resilience or an insufficient timeframe for capturing pre-
and post-drought growth. These findings confirm that thinning enhances drought resilience and highlight the potential
of applying the resilience index to evaluate thinning effects in Korean pine plantations.

Key words: drought, thinning, resilience, dendrochronology, basal area increment
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714 Control, Thin 1, Thin 298] Y& U 717} 1250%

1. HACHAX] /ha, 4755 /ha, 200+2/hao| ™ F 172 7 (Diameter at Breast

B gl oy A 24 288 Tals Ty Height, DBH)-2 Thin 27} 41.9 em& 7} 2.1, Thin 1-&
79 634d) AR 2YA|(N37°52'19.12, E127°52 32.5 cm, Control-& 22.8 cm& 7} ZtKTable 1).
30.11)001 4 3= ek 2R A WA oF 100 ha Zhejikol AR £ A 201 7ke] AFt 7]
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- ©l8} Control), 2007 de]l 7t H A A A2, o] ol 7 231203 mm) 7€ 7P Brh383.8 mm)
3} Thin 1) Z2]3z 20009 2 2007 d¢] 7HH H ] Q(HHE (KMA, 2024). A &E spetoln] Ehe ZMARA-E
A 2lHh, ol Thin 2)e2 433l th(Figure 1). Foli(Kwon et al,, 2010), B4 &2 HolH {7]& &
20004 A]38% 7HH-S Thin 204 A #e] Exo=z 9 o] o o |th(Park et al., 2009).

a) Control

D Area A
[] AreaB
[] AreaC

Low thinning intensity

[] High thinni s

% | Gap thinni
I centrol
|

Forest road gl

b) Thin 1

c) Thin 2

Figure 1. The map of study sites and their pictures in Gari mountain, Chuncheon, Gangwon-do.

Table 1. Site description on the study site. SD and DBH indicate stand density and diameter at breast height. Values are presented
as mean * standard error.

Area Age  Total area Altitude Aspect Slope  SD in 2021 DBH Thinnin Thinning
(Yrs) (ha) (m) p ©) (No./ha) (cm) & intensity (%)
Control 3.9 400 WS 25 1250 228 £ 0.7
Thin 1 6 13.9 403 WS 24 475 325 £ 1.1 2007 35
2000 20
Thin 2 18.5 401 WS 24 200 419 + 1.1

2007 35
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aaaaaa
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o
o
971
_1om
973
974
= 1975 |
1976 —
1977 |
C7a: = —

SPEI

-1.00 ~ -1.49: Moderately dry
-1.50 ~ -1.99: Severely dry
-2.00 2 : Extremely dry

Figure 2. SPEI(Standardized Precipitation-Evaporation Index) of the common period(1970~2021). Each bar indicates the monthly
index values in red for <0, and blue for >0 values. Index values between -1.00 and -1.49 represent moderately dry climate
while less than -2.00 indicate extremely dry conditions. The values in between moderately dry and extremely dry conditions
(-1.50~-1.99) express the severely dry condition.
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Resistance (Rt) = Dr / Pre-Dr

Recovery (Rc) = Post-Dr/ Dr
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Resilience (Rs)= Post-Dr / Pre-Dr

Time

Figure 3. Resilience indices in two hypothetical cases: (a) tree with high drought resistance and (b) tree with high recovery. Modified

from Lloret et al., 2011.
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Table 2. Descriptive statistics of dendrochronology. Control indicates the non-treated area, while Thin 1 and Thin 2 express the
areas with different frequencies of thinning on numbers. Three indices explain the statistical explanation of dendrochronology. Ry..
and EPS represent Inter-series correlation and Expressed Population signal, respectively.

Area Ruar Mean sensitivity EPS
Control 0.45 0.26 0.87
Thin 1 0.51 0.27 0.90
Thin 2 0.45 0.23 0.91

Control Thin 1 Thin 2

T T T T T T T T
1970 1980 1990 2000 2010 2020 1970 1980

ear

T T T T T T T T T
2000 2010 2020 1970 1980 1990 2000 2010 2020

ear ear

Figure 4. Graph of SSS (Subsample Strength Signal) for the common period(1970~2021) of three studied sites. The dashed line
shows the threshold value, 0.85. The periods with values above 0.85 was proved to represent the population.
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Figure 5. Dendrochronology of three studied sites(Control:

Year

Green, Thin 1: Blue, Thin 2:
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2017
2021

Red) during the common period(1971~2021)

with drought year(vertical dotted line in brown) and thinning year(vertical dotted line in sky blue). (a) Dendrochronology in BAI
(Basal Area Increment, cm?); (b) Standardized dendrochronology after detrending. The error bar indicates the standard error.
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Figure 6. Indices calculated as the ratio of BAI(Basal Area
Increment, cm?) between 2 years average of pre-/post-drought
and drought(Control: Green; Thin 1: Blue; Thin 2: Red). (a)
2002 drought; (b) 2008 drought; (¢) 2014~2017 drought.
Different letters by treatments indicate significantly different
means(p<0.05). The error bars represent the standard error.
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