"m Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 5-1, pp. 833~844
DOI: https://doi.org/10.15531/KSCCR.2025.16.5.833

= = [=3 = o = Se
AdX 718 Al 2|E 50 SOYY Hel 245 Sot 48 =8 7 &=
O|Z3|" - O|MF" - AZU™T

| IR RIS SR NE o,
SRMYTISI MEHACITIME| Oiat

A study on the classification of forest ecological recovery types using vegetation index
based vegetation recovery rate and shannon index

Lee, Junhee” - Lee, Sunjoo” and Kim, Kyoung-Min™"T
"Ph.D. Researcher, National Institute of Forest Science, National Forest Satellite Information & Technology Center,
National Institute of Forest Science, Seoul, Korea
“Research Officer, National Institute of Forest Science, National Forest Satellite Information & Technology Center,
Seoul, Korea
*Senior Research Officer, National Institute of Forest Science, Forest Carbon Center On Climate Change, Seoul, Korea

ABSTRACT

This study aims to classify and analyze forest ecosystem recovery patterns in the regions of Busan and Gyeongsangnam-do,
South Korea, that were affected by landslides caused by Typhoon Sanba in 2012. To evaluate both the structural and
functional recovery of the forest ecosystems, we employed two complementary indicators: the Vegetation Recovery Rate
(VRR), derived from time-series NDVI (Normalized Differenced Vegetation Index) data, and the Shannon Diversity Index,
calculated from the 1st and 2nd national forest health management surveys. VRR quantified the recovery of vegetation cover
based on NDVI changes before and after the disturbance, while the change in the Shannon Index represented functional
recovery based on Shannon Index variation. Each indicator was interpreted using the median value as a relative threshold
(VRR: 100.26%, Shannon Index difference: 0.1431), allowing spatial classification into four recovery types (A ~D). Type A
(high VRR and high Shannon Index difference) indicates full structural and functional recovery, while Type D (low VRR
and low Shannon Index difference) signifies areas requiring priority ecological restoration. Spatial distribution patterns of
recovery types revealed that Type A areas were concentrated in Ulsan and Miryang, whereas Type D areas were predominantly
found in western Gyeongnam such as Hadong, Geochang, and Sancheong. This classification framework provides a basis for
developing region-specific forest restoration strategies and highlights the necessity of integrating both remote sensing and
field-based ecological indicators for comprehensive post-disaster assessment.
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o] olgxt A4 &S FHkolH, BAMHSY 94
QHY A ERE ofy et A BEiAY 24754 43
Aol A7 EFAQ s FFolth(Crozier and
Glade, 2005; Seo et al., 2024). o]of u}2} ALALE] o] A
A Q] 3E 53 WYs] 245k, A9E B Ak
< HeHH o ® yshs Aol F83% HA|E R4Sk Q)
TH(Kim, 2020).

oje} T2 4t A5l o|F-o] A EH H7le 1F
oF A4 FAE 7INte = o AT EUEY 7 FA
o7 WA YTt. E35] NDVI (Normalized Difference
Vegetation Index)2} Z-2 APA = FHAT 2|9 4]
A 3 s} e sl Y & gl £ e
g o] gt}(Abeysiriwardana and Gomes, 2022; Kim et
al.,, 2021; Viet et al., 2021). YZEAKRemote Sensing,
RS)= =2 AAIE =t 37 &4, vl8 584
Y S v LR, Y2 A9 A HHE A&HH
o2 #ESH A AFo] WIlE AFSst= o #HS
349l o g FrlEth(Dahigamuwa and Gunaratne,
2016; He and Beighley, 2008; Huabin et al., 2005; Lee et
al., 2024). £35] Landsat, Sentinel 5 33 YA FA9 %
7] oblolne diFw A A ol%e] B2 e
NHoz 24T 4 A Azt oleie WA NDVI
Aol AAY BA4E B9l We) AFe] A4 HBES
Fol= WAl L2 A S|E (vegetation cover recovery)
S Fsiole © 9850, g B ATE0| ol
WHES JIMOR M, B, A SO 9% 2ol
A2 x]o] th(Ehammer et al., 2010; Gomes et al., 2020;
Sim et al., 2020).
22} NDVISH 28 el AgASE AA] 3 B

FAE AR AL 715 sEe & 749 73,
oA YA, F Aol9] 7l

Shannon Index®} Z-2 A A HE £ HH 0
F 4 Qlth(Lee et al., 2018). Shannon Index= Y HE
o|& FoloA EXFIERT)S ZH5t7] ol 1<t
% A HEZ(Shannon, 1948), Hlo|E]Q] &I T} ThoFA
2 Szl o AFBEAT. oF Wesh Rofolxt
olg F W £ WYL FEHS FTsele o
AgotHA, dEAQ FoFE ARE A FU
(Magurran, 2004). & ¥Fo] A+ Shannon Index?] £4
2 Fastol, Al MejA o] Seiepal wske Blehe
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w2hA NDVISF 22 914 7|9 A4 A]=of| Shannon
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Brlohs L2 AEHA 5 A+ N2 HFHE8E Al
AE 4 Aok 2y ol=g B HE2 FHelA
T obF] AFAH ot o]RojX| 1l glon, ET| AALE
g Y o2 3 275 BY & HIL A
= Wl EET) oo & A= 20124 A6 B Akt
o oJs) At TSl SR AT 9 SAgels)
92 tjA}o 2 Landsat 94 GAF 718 NDVIE -85
AR S|E-E(VRR)S AHg35}tal, @4 7|4t Shannon Index
919 FI7HA TAE BAStO 2N, A AEA Y £2A-
7154 3& #5222 EPFHoR Moty EY ARG

I R EE TR,

it

2 T 20124 A163 EBiE AHELR QI3 ARAE] 3
s g g ¥ BAdE A dom s
e A Q] 24 35 7|54 IE

2 ey, B0H 88 $3L 2Re
71 0 9148 GAF 714E A 3] E-E(Vegetation Recovery
Rate, VRR)Z} §A} ZA} 7|9t Shannon IndexE 8 A

VRR_‘O: Landsat -CH /Ké og /\g‘oﬂ /\1 /‘\l—i ‘c:)j- NDVI
(Normalized Difference Vegetation Index)2] A|AE =3}
£ 7INte g AT, A4 m5o] g gE sE2 wt

=
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A7 & x ZAK(Forest Health Management, FHM) 0|
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Fig. 1. Landslide distribution caused by Typhoon Sanba (National Disaster Management Research Institute,

2017)
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2.2, A YK U AAFE] 2l X|™HE

2 AT qiAA= ARG BAdEE Agez,
dEtol fAst Aol WRE f®AQl Ak
ZeFstal Qlet. o] A2 =Tt w1 AR
B AY 22 A AR A FHert
AU, 53] A5d F3ef Al HHEHOE 4
AN 7E B gt 240l Z8H HAdAE 20124
Al16%. EjE “Atik(Sanba)’ 9] YFOo2 AbALE] wsf7t &
et & 1657 40]tt.
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2.3. Shannon Index AP % 275

2 AFolM = A AL 7154 &5 A=E Bt
3t7] #1%ll Shannon IndexE E-&3tT. T A= =
YAYTSANH ST A0 ~20154) D A27}
(2016 ~20204) "AFHS A7L-&3 X ZARK(Forest Health
Management, FHM), A 5E& &85} ct. FHM XA}
= A5 AR 7] A S (2008 ~ 2017),0] A3 A
= 400070 17 B2H F LRE HFSR 59 F|=
v 2, A0 724015 A4 WokE e
=271 ©9 7|ZARE £ Eck(National Institute of
Forest Science, 2015). & dTLoA= o] &= A¥A7}
Eo] 3£3+H Shannon IndexE F9 4 AHEZE &85}

t}. Shannon Index= 4] (1)3} Zro] AAHEth(Shannon,
1948).

H = leilogp,; (1)

o471 pi= RIA F9] A Rk, S&= &8 & Folth
o] A& FY FHEL +5EE Aol sy, A
B0 d4 x2 E8E o] Yri(Das et al., 2012;
Zhao et al., 2022). & FEZ AFEE Shannon IndexE &
Ao gAgst7] 9Jsf Ordinary Kriging 712 2-85
ATH KrigingZ 37H4 A48 7IHHCE u|SH A
HAE A5ste BAF HIPHO=, Spherical 2E 7|9k
Semi-variogramZ A&Sto] H|2] QIS &5k S
7IEAE APHSEATE (Choi and Kim, 2015; Goovaerts,
1997; Kim et al., 2014). Ordinary Kriging®] 4] 4] (2)
o} Zh

2:] [2(2,)— (z; +h)]? )

A (2)° A hi= 22 A (lag distance)2 F A& 7HO
AZE Auistal, ne £ AZWUE 2ol AEAR
Y] AMeE HErH A(h)= HE R, = T
£ el

http://www.jccr.re.kr



M
o

836 0]

Sill

>—Nugget

Distance h

Range

* Range: the maximum distance over which spatial autocorrelation
persists; beyond this distance, the variogram levels off and points
are effectively uncorrelated.

* Sill: the variogram value at which it stops increasing
(the plateau/asymptote), representing the total variance.

* Nugget: the initial variogram value at zero lag distance, reflecting
measurement error and/or micro-scale spatial variability.

Fig. 2. Concept of semi-variogram (Choi et al.,
2015)

Ordinary Krigingol Al AM&== 34l T}atu|E = Fig. 2
o Ztt.

2.4. NDVI 7|4t MM 3128(VRR) +Hd

Ay WAL F2H 8%
NDVI A[AE ¥3HE &85t 4]
At} NDVIE Landsat 94 94+ & 4ﬂ**(NIR)JqL 7}*1
B AMRed) MEL] WHALE o2 TE] 44 T
g e 252, 4 ()3 2ol Yo erkBannari
et al.,, 1995; Huete, 1988).

NIR— RED
NOVI= Ny RED ®

- OlMF

E 3310 A= Google Earth Engine (GEE)S -8-5}0]
Landsat F4S] A[AE NDVI F& AREsIRloH,
QA_PIXEL HHEE &-gsto] 15 2 17Aet &2 di7]
4 84E AAT H, 74 AFEER NDVI I
(median composite)S FASIATHZhu & Woodcock,
2012).

AX SIEE(VRR)S NDVIQ A A]- FH(NDVI pre,
NDVI_min, NDVI t)& 7|Z0& 4] (4)9} go] ALggich
(Jiang et al., 2015; Yuan et al., 2022).

vaR= Y2V = NDVEwi o 4
T TNDVI—NDVI, @)

min

NDVI pre: APAHE] 58f| o)A A4} ABAHE Yetdle
NDVI (2012 5~99¥)
NDVI_min: AAHe] A5 A4 EAo] Siste A5 9
NDVI (20124 9~ 119)
NDVI_t: AHAHE] o]% o] At 3]E A]x°] NDVI
(2017 8 ~109)

o] A2 Haf 25 Aol dup} AR IE=AE 7=
2, 315 A9 A4 AdE7E Aol dreiv 24
HeAE WESE RESHH, ofefiet Zo] S AT
4= QItK(Table 1).

B4 gj4; AA O] i8] VRRE A& &, 72 g4
= YR oA HA & S Blast] 6
VRR AA| g9 £947H100.26%)S 7|20z =
A A3 E Adog TR olet &2 S/
Ho] 3l LR W42 NDVI 35§39 &5/l 3lo] o]
AA O] gt NP EE £0]1, A & FES o
AA B7FeE 4= ks Aol Tk(Frolking et al., 2009;
Yuan et al., 2022).

Table 1. Analysis of absolute vegetation recovery rate ranges

VRR Range Interpret
VRR = 100% 100%: NDVI has returned to pre-disturbance levels — Structural vegetation recovery completed
NDVI declined further compared to the immediate post-disturbance period —
VRR < 0%

Indicates additional disturbance or prolonged degradation

VRR > 100%

NDVI at the time of recovery is higher than the pre-disturbance level —

Indicates overcompensation or external reforestation

VRR = 0%

No recovery observed (NDVI remains at post-disturbance level)
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NDVI 7|4t A4l S]E-E(VRR)Z} Shannon Index 3}
Folehe ¥ ARE Bt 7 A4l meAe] A
% $9e BRIt BF /1S F AR UG
g AEoz 4eh TR TR, F 4714 HFA
~D)CE Urlth S 7|0 I&E E2 £
she 2L A ol WA el 2 B 50 4
o|ghS ¥kgsty] gt HECE, B do] H|AFH
o7 FAH IS W A2 BY AFBo|N A 2
22 Y] olee %ol Ul Agslol irking
et al.,, 2015; Yang et al., 2017; Zhao et al., 2022).

A 88L& VRRY} Shannon Index WY B% =943k
oVl Aeloz, P2 BT} 75 FHHo] B of
55 gee BeEn. B, D 492 F AR 2R 5
Gk HRel Ao w, F2A 443 715H B0l
EA0] W BY 94 AY A e,

B 982 NDVI 3]E-2 o]Fo|# X%t Shannon Index
T AAT Ao, A fEL IFHQIoY TdAdF
St QEE gt 59 EAVE 24T 7/l Ut
(Hooper et al., 2005).

C 83828 NDVIE= FEEZA 4A|TF Shannon Index
A AgoR, F FAS FEsht 44 n2e) 3
AAEI Q= HHE, AAHo] FeEHAY 7
£Yg B9 72 HBE RET 5 U= 7154
WL stk (Prach and Hobbs, 2008).
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THSER, 2004).

ol¢} Z& & 93 BEF= NDVIS} Shannon Index@}t
= o2 HEE Fdsto] A BEA Q] I E YHE
YAH oz Add 4= UA stH, AE HY A
£ o r HAst= d 7|9 5= Stk

3. g7
3.1. A 35E(VRR) 24

AR} A o] 9] 2 A 3|5 EE HoH] {9
Landsat AJAE NDVI 7|gtog ARgst A4 3J&EE
(VRRYZ EA43%H A3}, tiiA] djRE A 3lE0] g 5=
= ol XYPH AR Urtrth(Fig. 3). A £4 A
9] VRR ZF& -100%°)1 A4 120%2] HE Hom, =9
2 100.26%= ZRIF AT o= 3 A G4 wsf
272 NDVI F=3of LHstAY Z2335E 3]Eo| o]Fof
Aeg 9ngitt.

E5], AAEE 559 At d AR Bt AR
£ VRRO| 100%E ZIoH= A HEo] X oH,
£ st A T E IES ol I9E A4 /Yol
U 13 & 3% A% 59 7Hs8S AARE £ Sl
H A, 3 5 AR AH A 904+ VRR
% ©]ot= o}, 3]Eo] XA ALY Ao Y=
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Fig. 3. Vegetation recovery rate in Busan and Gyeongsangnam-do region
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Fig. 4. Spatial analysis of changes in species diversity using ordinary kriging

EASHA Rt FAol HEE AT

S E2E AWEY, 9582 XY 24 H IdHA
2 HZAol wet Aol HiEE Bl o] golst
A v ARt GARAOAE VRRO| A WERE v
B, AT A AL Fe A QolAe H2 3R
B2 BT ole 5d £X7F A9 443 2
AEEO U= UEHH, Hd A= 1 Al ol A
3 845 aHt I3 7IRE HZo] ev AARI.

3.2. Shannon Index H3}2F 37t

2y

Shannon Index 7]9+9] ZC}FAA L= A1} A A

7T ZARFREQ2011 ~ 201589 23 AHE(2016 ~
20204)2 H}EO & Ordinary Kriging 792 883 2
Ao g HItEQoH, & AH 79| ZolE Fof Fot
¥ HSFFS AFESItHFig. 4). o1& &9l AALE] o]%
H BEA Q] 7154 35 ¢5& SHHCE AT &
}.
Do) A& HeeE Hriet A3, AA 387 A5 A
E 7120 E AR 49 AREEEE Bt dF %
(ME)= 0.0016, B3 & Q2= Ok (.73, RMSEX OF
0.70, A| 22} AF 9] ARG H 2= Bt S LAH(ME)=
0.0012, 4 HSE 2x+= 9F 0.68, RMSE:= <F 0.700.2
YE, AA| #Egka Blawsto] ARtA o g fARE 2
9] HES FASH= A5 29=, did B A3t &
AXOo R A olztal weET

Semi-variogram =4 AIJA L, F2 AZoA= &
< HHEAF kS Holthrt ATt ek weEk evts]

30
2@ o
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o]#gt A¥M= Ordinary Kriging 4-89] El3AS
SttH(Goovaerts, 1997)(Fig. 5, 6).

ot A9 #2193} o] & H2| I 7Ho] Zfo)7}t
YR FIoA ZA YEh Kriging 23H9] 3t #3209
EH<LEZ oFAto] HhAEE &= l]Ith. ArcGIS Geostatistical
Analyst 5L weighted least squares (WLS) H4]
(Cressie, 1985)& Z-&3] range, sill, nuggetS 2| & 3}ol=
g, & oA spherical REL AR5 01, o]
g Bofl AREE]l A= PFH R HJENSS &
At ol FAE Este], & AFoA=
Kriging 2318 218 23 2402 sjashr Bk
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UEtE 47 aks 23 sfAd] wX= do] ARbd
AZ FRlsHai
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TR AEOAE & 49 dest
Shannon Index 9] A3’} FE=# At} Shannon
Index’} ZH43 A Sal% ol B4 2150
Aufel 22 9913} A¥E 7HsAdo]l O (Hooper et
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al., 1997).
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Fig. 5. Semivariogram of species diversity index from Fig. 6. Semivariogram of species diversity index from

the 1st forest health management survey

(Ordinary Kriging)
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ojg} T2 FUYW 7= +E2 AdH M9 FAE
nglels], WH9lT A AelojAl J15 3% AFL
WERHelE o andd jEos Heun dAe
Shannon IndexQ] &0}z 7|dto 2 3+ A4 F& =
£ie UG Wt mE A A= Zde] Sl
203 AEz 289 5 Utk
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3.3. AIMS|2E1 Shannon Index HalzF 27t
[e]

| ey sz 9 28

2 AFolA = f4 7EE A S EE(VRR)Y 7]54]
3]& 2 #Q Shannon Index WH3IFS ZAgtolo, & 1657}
ARAHE] 3jsf ZRIEC] dfs FEA I & 3= 47K =
ERoG. o] B4 ZTE PHTY FAGE 157 D)
2 JAAst] A9 I EA4S SHAsH /8 &
S+ VRRZ} Shannon Index WH3FS] 547 7|&0

sto] At & £ wHstgoen, ol 7hte g

the 2nd forest health management survey
(Ordinary Kriging)

3E 89 A~DE FTESIY, 19| 2= BEHES A A
sttt FEE HeHE AAE A AFAHEE st
o] A\ A5t tH(Fig. 7, Table 2).

A A2 B F3h A FF(F2RE 764 g5
B ot F9)2 shea(571a)olA 7H Bol Uekk
o, ol AiHoR A4 HEI} Fg FEol B
T g5 A9ez, BUEY F4Y /4 #e7t v
A5t A 9o g wEH(Frolking et al., 2009).

B §3(NDVI= 32X O Shannon Index”} #]5}
H T2 AFH(16704) T HAH(1470)04 E9] &=
2 HE&E EE5HYh o] {32 A4 NDVI 7[5
27 3E2 AAEJ oY F 149 P2 Zotzl A
Ao, ddF AU QT FAE 7hs/do] A7l Eh
wEba JETOGY 59 2 7154 M4 gEE 99t
Z7F 227} " Qst X Yo|tk(Hooper et al., 2005).

C F3(F2A 3EL dou 7|57 3|Eo] Az
2 JTg F9)E sk (107]4), AFT8714y), 4
(4714) SAOA SRIE I o]&2 A4 TE 9
AA =L ot IHFEL FAEHAY 25]8 F7F
I 9lo], AdHo] & B 9 A (Y B 5
o] 7=l Aoz A Eh(Prach and Hobbs, 2008).

9, D RP(FR 76 BF AR 35 82 AR
TR L), FHF137D), APEEOL) 5 A AF
AFRAIYolA HEHoR Uergon, A4 mET} St
PP BF AR HHE, 420 5 7ol 87E
= 4 T A E EFETHSER, 2004).

olg|gt BF A= T<=st NDVI 7|5t 12 i
o2 A A ANt Bg¥ES FE] A9 £
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Fig. 7. Results of ecological recovery type classification based on spatial analysis of vegetation recovery rate
and changes in species diversity

Table 2. Classification of ecological recovery types based on vegetation recovery rate (VRR) and changes in

Shannon Index

Shannon Index . .
Type VRR Trend Ecological Interpretation Management Strategy
Change Trend
. . . Monitoring-based maintenance: minimize artificial
High (1) High (1) Both structural and functional . . o .
Type A intervention, conduct periodic remote sensing-based
. = 100.26 > 0.1431 recovery are favorable . .
observation (Frolking et al., 2009)
Structural recovery observed, but Lo . . .
. Lo . Promote biodiversity: introduce native species,
High (1) Low () biodiversity not fully restored ) T )
Type B . . . implement biodiversity restoration programs
;= 100.26 1 < 0.1431 (potential dominance of a single
. (Hooper et al., 2005)
species)
. Vegetation cover recovery is Facilitate succession: promote natural succession or
Type C Low (1) High (1) delayed, but species composition | support structural recovery through assisted revegetation
P . < 10026 > 0.1431 ved, but sp P PP Ty Hiroug &
remains favorable (Prach and Hobbs, 2008)
. Priority restoration required: afforestation, biodiversity
Low () Low () Both structural and functional o o ]
Type D ] . enhancement, soil improvement, and multidimensional
1 < 100.26 1 < 0.1431 recovery are insufficien . .
restoration strategies (SER, 2004)
(Shannon Index W3}eh)S B 1Lefsfof & 23t Si7F A AR E AY9e dideR, #2124 35S
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