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Analysis of Vulnerable Regions of Forest Ecosystem in the National
Parks based on Remotely-sensed Data*

Choi, Chul-Hyun - Koo, Kyung-Ah + Kim, Jinhee

National Institute of Ecology

ABSTRACT

This study identified vulnerable regions in the national parks of the Republic of Korea (ROK). The
potential vulnerable regions were defined as areas showing a decline in forest productivity, low resilience,
and high sensitivity to climate variations. Those regions were analyzed with a regression model and
trend analysis using the Enhanced Vegetation Index (EVI) data obtained from long-term observed
Moderate Resolution Imaging Spectroradiometer (MODIS) and gridded meteorological data. Results
showed the area with the highest vulnerability was Naejangsan National Park in the southern part of
ROK where 32.5% (26.Okm2) of the total area was vulnerable. This result will be useful information
for future conservation planning of forest ecosystem in ROK under environmental changes, especially

climate change.
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Table 1. Basic statistics for yearly EVI (growing season)

National Park Min Max Mean S.D
Jirisan 0.312 0.669 0.562 0.050
Gyeryongsan 0.329 0.600 0.513 0.036
Seoraksan 0314 0.584 0.480 0.047
Songnisan 0.225 0.610 0.496 0.038
Hallasan 0.335 0.634 0.546 0.041
Naejangsan 0.113 0.624 0.538 0.056
Gayasan 0414 0.626 0.525 0.036
Deogyusan 0.271 0.668 0.554 0.050
Odaesan 0.342 0.616 0.510 0.039
Juwangsan 0.357 0.640 0.543 0.043
Bukhansan 0.173 0.539 0.445 0.047
Chiaksan 0.361 0.592 0.507 0.035
Woraksan 0.133 0.630 0.518 0.050
Sobaeksan 0.245 0.634 0.532 0.034
Wolchulsan 0.274 0.610 0.498 0.059
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Figure 2. Distribution maps of EVI trend(6), p<0.05)
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Table 2. Vulnerable area in National Parks

. High Moderate Low
National Park - - -
Area(kir) Ratio(%) Area(kir) Ratio(%) Area(k) Ratio(%)
Jirisan 21.36 4.46 392.13 81.84 65.63 13.70
Gyeryongsan 1.99 3.08 57.37 88.86 5.21 8.06
Seoraksan 22.16 5.58 339.75 85.46 35.63 8.96
Songnisan 32.84 11.90 225.50 81.67 17.76 6.43
Hallasan 322 2.10 141.41 92.26 8.64 5.64
Naejangsan 25.97 32.55 4991 62.54 3.92 491
Gayasan 6.71 8.71 68.58 89.06 1.72 223
Deogyusan 4427 19.43 168.61 74.02 14.92 6.55
Odaesan 6.49 1.99 295.10 90.28 25.28 7.73
Juwangsan 435 4.11 96.22 91.06 5.10 4.82
Bukhansan 11.81 15.18 62.47 80.33 3.49 4.49
Chiaksan 15.24 8.70 141.78 80.92 18.19 10.38
Woraksan 60.21 21.29 210.31 74.38 12.24 433
Sobacksan 21.41 6.66 236.29 73.48 63.86 19.86
Wolchulsan 1.29 2.31 45.13 81.10 9.23 16.59

[, Jirisan | 2. Gyeryongsan | '3. Secraksan [a. Songnisan

|8 Deogyysan

e

15. Wolchulsan

Vulnerability
N Low

Moderate
B High

Figure 6. Distribution maps of forest ecosystem vulnerability
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Table 3. Basic statistics for © (EVI trend), a (resilience) and [ (climate sensitivity)

National Park S) a (absolute value) B (absolute value)
Jirisan -0.006+0.016 0.885+0.050 0.10310.077
Gyeryongsan -0.008+0.014 0.922+0.050 0.093+0.061
Seoraksan 0.002+0.019 0.924+0.053 0.086+0.066
Songnisan -0.012+0.014 0.884+0.051 0.139+0.077
Hallasan -0.001+0.022 0.885+0.049 0.120+0.064
Naejangsan -0.012+0.015 0.879+0.062 0.196+0.085
Gayasan 0.006+0.017 0.872+0.057 0.169+0.066
Deogyusan -0.016+0.016 0.879+0.057 0.155+0.090
Odaesan 0.006+0.016 0.927+0.038 0.087+0.059
Juwangsan -0.013+0.014 0.857+0.056 0.141+0.066
Bukhansan 0.015+0.013 0.923+0.047 0.144+0.073
Chiaksan -0.004+0.014 0.918+0.051 0.105+0.071
Woraksan -0.002+0.015 0.878+0.073 0.178+0.094
Sobaeksan -0.004+0.014 0.876+0.066 0.106+0.078
Wolchulsan 0.006+0.015 0.869+0.047 0.103+0.064
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Table 4. Coefficient of variation of yearly EVI (trend components) in each (¢ class

a® CV(%)** Standard error Post hoc test***
<06 3.300 0.116 a

0.6 - 0.7 3.499 0.037 a

0.7 - 0.8 3972 0.014 b

0.8 - 09 4.632 0.006

09 - 1.0 5.402 0.007 d
> 1.0 5.297 0.035 d

*: The class of o same as Figure 3’s legend
**: Coefficient of variation (CV) defined as 10/meanx100
***. Means with the same letter are not significantly different from each other (Tukey-Kramer test, p<0.01)

(Pimm, 1984; Telesca and Lasaponara, 2006; o3 SAZ WMyl S-S x
Lloret et al., 2007; Van Ruijven and Berendse, g e AHS ASAHE A & 7] o
2010; Vogel et al., 2012). ¥ F -2 e A 2] ol Aadel WFo] WA, 3] EEhE Aol
o] Aol GAY HYP R Eole=t Azt SrH A &HQ HEHE AgHo] e v &
o] e dele AF v AYE Hole Ao ZFo 2 A =

z : =
&elA 9lth(Dakos et al., 2015). o] tgt =% Aoy Aot BE A 5o A AEH S
S AAEH R #5E Aol AT T A7 ol WEe] S A} B E A
Aol ook FFEAE AEA F(coefficient of  EE HEFE]7] Ao 27|AH ANSE B gl
variation) 52 2 ¥ 7}8H} (Levine et al., 2016). t}(Van Nes and Scheffer, 2007; Dakos et al.,
EVIQ A7 43A (o)2 WS BluE Y 2012; Keersmaecker et al., 2014; Dakos et al.,
EVI A 2ol tigt HEATE ALtets o 2015).

O A¥, o7f E45 WA 2 A 2E e Gl e EeEY S vwslE 49, ¢
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Table 5. Mean of « in each age class

Age class” Mean Standard error Post hoc test™*

I 0.889 0.002 a, b

il 0.875 0.006 a

m 0.876 0.001 a

v 0.889 0.000 a, b

\4 0.896 0.000 b, c

VI 0.919 0.001 d

VI 0915 0.002 c, d

VIl 0.948 0.007

X 0.947 0.005

e

*: Each age class means I: 1 to 10, II: 11 to 20, Il: 21 to 30, IV: 31 to 40, V: 41 to 50, VI: 51 to 60, VI:
61 to 70, VII: 71 to 80, IX: above 81(Source : Forest map provided by Korea Forest Service)

**: Means with the same letter are not significantly different from each other(Tukey-Kramer test, p<0.01)
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Table 6. Mean of § in each age class

Age class” Mean Standard error Post hoc test

1 0.120 0.003 c, d

2 0.138 0.008 c, d

3 0.145 0.002 d

4 0.128 0.000 c, d

5 0.116 0.001 b, ¢

6 0.090 0.001 a, b

7 0.077 0.002

8 0.086 0.008 a

9 0.072 0.007 a

* . Bach age class means I: 1 to 10, II: 11 to 20, I: 21 to 30, IV: 31 to 40, V: 41 to 50, VI: 51 to 60,
VI: 61 to 70, VII: 71 to 80, IX: above 81(Source : Forest map provided by Korea Forest Service)
**. Means with the same letter are not significantly different from each other(Tukey-Kramer test, p<0.01)

Bo] ¥ FRYFSE B2 FEE v& oF A APgE A 74, S EEEA
7 Wl o & ¢gste] s EEEAgo] B ol B3, 7% WAL}t & AH9s Tt
AOR dSH oy ojgte T8 AHE B Brvstdet. 2 A3, HRdo] A YERd A
o} ool ik Al FEo] AESA Fr AL 59 7% WAErt Ade] w2 R
A FAo R Holn, wF oMo $5 uA} Utk o, ofof mief 7] SR Q13 o go]
7F 4d Ae=m AdHEnh 2 AAE o 43s F ZoR Jdidn 249 Ae d
Je RS ol mE o] T I EREA Aol e et rlefe] 7S wet Fof
o] R ofwgt Aol7} U= BetelE 2 okgk A2 wlg] mhetsisithe HolA & on
7F 9l Ao g Atgdn 7b Aok whebA ol gt WS FEl 24 H T
B7t W 713z Wstel] wE AW dER v et AR Foke A
b iAo R o Avke AL ov]gtt ¢ gt WA FExA| g EFste] BHg A
o 7]1& AFAME 7150 AlFe] 2718 & I kS FYetet ol ggthd 284l F
8 715 gk 210 V=S Frtsk=t A Ao R HeHTh
45} TH(Nemani et al., 2003; Keersmaecker et
al., 2015; Seddon et al., 2016). 3] 2717} & v.d =
A19¢] AL vl 7]FAgtel e o Rigke
7] Wil o AlAe #ejrt e Aow 71ZHAste) 2o wacle AgA - 2 ¢
Aotk dao] E& A9 A5 715 o & Zefob, A AeAl o] g EFe nlA 2
o WAL e Ao R e ole Ui Atk ool AeiA WA FHket A& H7t
o] A&F7IE A Afoldf ogt Ao Het sta oA eE sl Aol Fasht ol &
HTH(Table 6). WY FF 27| LS A EA R Hrtste AL B oy ge] BE
& Boltpt o] woble| whet Aat A% t}. ol & Ao e 94 e 587
ol st "t o 7|5 ofg JFE A EA7IHE Bl THTd A A A
o} 2 AR A AR Qe olelet A¥rt & HIIelAT ol & $3 7o E A Ao
Uehd Ao g rolt HEste] ool ashe A9, A9 35
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