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Abstract

This study was conducted to compare the level of vegetation recovery based on the forest
restoration techniques (natural restoration and artificial restoration) determined using the
satellite imagery that targeted forest fire damaged areas in Goseong-gun, Gangwon-do. The
study site included the area affected by the Goseong forest fire (1996) and the East Coast
forest fire (2000). We conducted a time-series analysis of satellite imagery on the natural
restoration sites (19 sites) and artificial restoration sites (12 sites) that were created after the
forest fire in 1996. In the analysis of satellite imagery, the difference normalized burn ratio
(dNBR) and normalized difference vegetation index (NDVI) were calculated to compare the
level of vegetation recovery between the two groups. We discovered that vegetation was
restored at all of the study sites (31 locations). The satellite image-based analysis showed
that the artificial restoration sites were relatively better than the natural restoration sites, but
there was no statistically significant difference between the two groups (p > 0.05). Therefore,
it is necessary to select a restoration technique that can achieve the goal of forest restoration,
taking the topography and environment of the target site into account. We also believe that in
the future, accurate diagnosis and analysis of the vegetation will be necessary through a field
survey of the forest fire-damaged sites.

Key words: difference normalized burn ratio (ANBR), forest fire, forest remote
sensing, forest restoration, normalized difference vegetation index (NDVI)
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Introduction

2| 7)1 SR Ql5f f-2ufet et oflet H AlAIH o 2 = tfgahEe] WAy Rl et T 17t S7kekal )
Th(Stephens et al., 2014; Smith et al., 2020).

e AHE-2 SRRV BFF o) XG5 A, SH Y FAZ 0] 1,000,000 m” ©)/¢R] AHE-S ek, &2 sEzt
(2017 - 2022) P Lfetoll A EHAYSH i gAbE-2 Z 21710 2 o] = f-2jute} A AHE 15 2] 93.6%1 sigsh= H]
SO|THKFS, 2023). 3], 2LH% T2l o] 8] 81} Q)2 £ 7} =0 o] ol 27] Ftol] Alujat A-S thaAt
E& Z4hE 7HsAdo] il (Kwak et al., 2008), P AHE Tjsi7F AZbet 2| o= BE A 9 53] 5 23} 4t
& Asfiol thgt 27F A27] w2l Atd el 7] E4E foliA= A& A 5 2 we)7) H e 5tth(Lee et al,
2004).

19700l AF=3FALY] o] &, AH A2 AHE T%HXIE ooz ooz 29 A= A5 2 U (Jeong et
al., 2000), A 7HA] = AHE TS 2] < 94 EoubAlof| ts 2 =ato] WAYELT 9l o, of A5 EukAl ) pha)w)
Holl tishiA = B2 A7 Zash *E‘@OIE}(Alayan etal, 2022). 0|9} e sto] Aol AL 2wt 20004 S5t
AhE 2y o] & AHE Tl x| o)) cist v o] A7 7] AAISHATHLIm et al, 2012). A AAEH2 IHF

85 A1 U Helot A ol PUNTHE AGE dYOR AL ATRAL A B2 iy
7HEAE 4 Qe Aol BAIY 24E BAOR S NS tPFOR Ak 1S UH O Bl Lim o
al., 2010).

o|ZA| AbEmaA] o] £ WS A5 YoM e Ak sljol tigh Al&gE 2AReE BA o] 35t} 614
Th g AbE A R] 9] 7 f-ofl= st o] Wil 2|3 o] H<Esto] AdRAL
(Hwang et al., 2022). ©]2{3F o] f-2 A7t} 1S AAAZ 4= Q= tEA ZAF QI
A2 AEa] sl 2] 9 o mjsiHASS Al<&a)
ofl thst A7] WistE AJA|E 4 o2 afetdl 4= Q)= A o] QTthKasischke et al., 2007; Seong et al., 2015). E=3F, 4]
BdE &8 A TR A7 B E 3 gl =A] A1 9] Bl A A] HS(Lee etal., 2020), B4 T/dol wh
2 TA H2]9] 2 xiﬂ F 3} 24 (Yoon and Ahn, 2009), 3HQH ¥} E] (Kim et al., 2005) 5 o 2] ool 4] 453
= o, AHE] s Aol thet A= a8 HE Q1THChoi and Choi, 1997; Won et al., 2007; Park et al., 2018;
Youn and Jeong, 2020; Hwang et al., 2022). SHA|FF = Ujol|A] AFE3] 5l o] 5 101 o]4F2] A7]7He tiid o 2 914dY
& EE&t A B AL B4 E RYE o] gt A= 43 vl gl

ufeta] £ Atol A= Ejutatoll A BAYeE /gAHE(1996) B B8l QHAME(20001) TEH A E th o2 A
201 BRte] Q= E8oto] A AL 3 E 52 RUYE oI o, A1 5T} Q13- o] whE Al
9] 3l & =F5 vlulsto] a4 Ql e WS gHAst L Ao A 9] a 540l BYS St AR = Algst

A} 4=y stgic,

Materials and Methods
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A gAY ARG Aol o, AFET]s o] & QJIF-E-UR| ] 2 4FS AUH(Pinus densiflora) S
AlZfstelTh A EA At BUA Y o] AFAEU A o] R4 F-2 thit-2 FUF-F(Querqus sp.) = = A O™,
F2 23U (Quercus variabilis), A2 (Querqus monglica), U (Querqus serrata)’F 8520 2 eI
AR 7] ol A AUH(Pinus densiflora)2}t D2 AU (Larix kaempferi)’ | 98452 2 e | = 5FQITt, o4

Z] 9] M| ¥ H = Fig. 1, Table 13} 2T

[N Legend N
S //“ o Natural restoration site 100s
Y * Natural restoration site 200s
gl 7 © Artificial restoration site
/) * Attificial restoration site in Songjiho Lake
./‘(
A
Y d
¥ Gosung-gun,
Gangivan-do
Y

o

0 500-- 71,000 m
— )

Fig. 1. The location of study areas in Goseong-gun, Gangwon-do, South Korea.

Table 1. Overview of study area.

Restoration type Site No. Forest fires Above sea level (m) Dominants
Natural restoration 101 Two times (1996, 2000 year) 139 Pinus densiflora
site 100s 102 165 Querqus serrata
(10> 10m) 103 127
104 167
105 170
106 158
107 178
108 201
109 217 Larix kaempferi
Natural restoration 201 One time (2000 year) 53 Querqus serrata
site 200s 202 61
(10> 10 m) 203 63
204 59
205-1 78
205-2 78
205-3 77
206-1 92
206-2 92
206-3 91
Artificial restoration site 1 One time (2000 Year) 84 Pinus densiflora
(20 x 20 m) 2 95
3 85
4 83
Artificial restoration site Songjiho 1 Two times (1996, 2000 Year) 10 Pinus densiflora
in Songjiho Songjiho 2 8
(10> 10m) Songjiho 3 8
Songjiho 4 9 Pinus rigida, Pinus thunbergii
Songjiho 5 24 Betula platyphylla
Songjiho 6 41
Songjiho 7 41 Pinus koraiensis
Songjiho 8 10
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2 04 ARl o] F AT Eel wol mh2 Y ALe] 512 WU el ehs] SI3hA] Landsat TMETM
9} Sentinel-2A 2] 914 F/S &85 th(Table 2).94 9732 0| =E3-F=-(National Aeronautics and Space
Administration) 2} P]=+2] 2 ZAF=(United States Geological Survey)] 9732 435FIth T Landsat ETM+2] 9]
4 97dE 7 5= T ol A SLC (Scan Line Correction) off $/30]] 28l A7 7HA0CE At A H o] £~4Alo] ¥hags)
0] 2003 5€ 31¢ o] P/ Landsat TMS] F/d-2 thal 2851t 3 Landsat TM2 2012\ o] & &5 5
TS}aL 2015\ FE] Sentinel-2A7} 52 A6 7] nllzol] & @:rmﬂ*‘]% 2012 -20157k2|1 9] 7|12H59F 9 4
A2 QIS Layer 79 SHAI7} EA0FHTE. Won 5:2007)0l] wh2H 91/ F/d2] AAIE 249 e s $jsf 5L
A79) ke B81ol AlZbe] 3ol 48t o Bavt Yrkn Hssic) ofeiat A7le] 2ak H 4]
91510l Akl Hak o) £ A7] AU IVNE T8I0, 7 el 2 YAk Tuble 33} ek, 43
S 914 3 HoJuipe] el che AL 78 S0 2 olsl A Ae] Aloko] Sl Qe Alelaigik

Table 2. The information of satellite.

Satellite Landsat TM/ETM+ Sentinel-2A
Bands 7-8 13
Resolution (m) 30 10-60
Cycle of revisit (days) 16 5

The period of activity Landsat TM: 1984 - 2012 2015 - present

Landsat ETM+: 1999 - 2021
TM, thematic mapper; ETM, enhanced thematic mapper.
Adapted from USGS (2006).

Table 3. The date of satellite imagery used for analysis of dNBR (difference normalized burn ratio)

and NDVI (normalized difference vegetation index) (continued).

Season Satellite Date

Spring Landsat TM Apr. 17,1996
Mar. 27, 1999
Apr. 17,2001
May. 09, 2003
Apr. 09,2004
Apr. 20,2008
Apr. 07,2009
Apr. 13,2011

Sentinel-2A Apr. 08,2016

Apr. 18,2018
Apr. 22,2020

Summer Landsat TM Aug. 28,1997
Jul. 06,2001
Jul. 30,2004
Aug. 05,2006
Aug. 24,2007
Jul. 09,2008

Sentinel-2A Aug. 06,2016

Jul. 22,2018
Jul. 31,2020
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Table 3. The date of satellite imagery used for analysis of dNBR (difference normalized burn ratio)

and NDVI (normalized difference vegetation index).

Season Satellite Date

Autumn Landsat EM Oct. 12, 1996
Oct. 02, 1998
Oct. 07,2000
Oct. 16,2003
Oct. 05, 2005
Oct. 08, 2006
Oct. 13,2008

Sentinel-2A Oct. 28,2015

Oct. 30,2017
Oct. 30,2019
Oct. 24,2021

TM, thematic mapper; ETM, enhanced thematic mapper.

e
A 7+E+5H 2] 43 (normalized burn ratio)2} 3t 7€HS}A] 4>(difference normalized burn ratio)

oX

FEFSR]| = TabA 9] M (short wavelength infrared)T} 4] 2] A (near infrared spectrometer)] 2}t 2= o]&
A0 g ZAFR| o] -8 Shafof whet ThulA] 9] A1 o] HIALE o] 2 THE-0] % ] o] th(Garcia and Caselles,
1991). 0|23t B/ 0 &2 AHETjs H, o] AHELE @A 4= Ql=t, o] & At eretA| ek il Shth(Key
and Benson, 2006). 8 &F2A] =2} AT kRl A = A1), (2)2F Zo] AHEE 4= QU

ol
FfF

NIR — SWIR
NBR = —— 2%
R = Riswr (M

NBR: Normalized burn ratio
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SWIR: Short wavelength infrared
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dNBR: Difference normalized burn ratio
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3 4= ITH(Table 4). 91442 B8 3lo] AZ4BHeH el THerab 4t ohg 1t 2ehFie. 2),

YA 4*(normalized difference vegetation index)
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Table 4. Classification of the burn severity level.

Burn severity level dNBR range
Enhanced regrowth, high (post fire) -0.5t0-0.251
Enhanced regrowth, low (post fire) -0.25t0-0.101
Unburned -0.1t00.999
Low severity 0.1t00.269
Moderate-low severity 0.27 t0 0439
Moderate-high severity 0.44 10 0.659
High severity 0.66t0 1.3
dNBR, difference normalized burn ratio.

Adapted from Key and Benson (2006).

N Legend

© Natural restoration site 100s
 Natural restoration site 200s
© Artificial restoration site 200s

* Artificial restoration site in Songjiho Lake

[l Enhanced Regrowth, high
O [l Enhanced Regrowth, low
B unburned
Low Severity
I Moderate-low Severity
2 axn B Moderate-high Severity

. 0
) ] High Severity

Fig. 2. Visualization of the dNBR (difference normalized burn ratio) analysis results using satellite
images (left: 1995 - 1999, right: 2016 - 2018).

al,, 1999). 143 A|5=2] 552 Table 59k 201, A(3)3t o] AAE = STt A B /8= B&3tef Alzeet
BFAA S the 12T 2 kg 3)

NIR — RED
NPVI= NiR+RED ©

NDVI: Normalized difference vegetation index
NIR: Near infared spectrometer
RED: Red spectrometer

Legend
@ Natural restoration site 100s
® Natural restoration site 200s.
o Artificial restoration site 200s.
* Artificial restoration site in Songjiho Lake

Bare soil and/ or water
B Vvery Low
4 H v
! Moderate Low
: ™ . Moderate high
§ o High

NDVI (1995) NDVI (1999)

Fig. 3. Visualization of the NDVI (normalized difference vegetation index) analysis results using satellite
images (left: 1995, right: 1999).
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Table 5. Classification of the level.

Vegetation level NDVI range
Bare soil and/or water -1t00
Very low 0t00.2
Low 02t004
Moderate low 04100.6
Moderate high 0.6t00.8
High 0.8to1

NDVI, normalized difference vegetation index.
Adapted from Aquino et al. (2018).

clolel 2] 2 24

B2 Raw data’ FEHE FH5H| HH, o] & &-8517] flsiA = Hx2] 22 4=afstofof qtrt. M4
1 F AR A2 A ®mR ol EAske SAH 2R E] HRALE o] Qg9 doll =2E wizbA] 2|3, o 7] &ate]] o] s]
2l a&]of o] & gt HhAL gho 2 HASH= Zof| o] &5 1L, o 7| B2 el A& SA|of HhAME £ Q1%
/g TS Aol A uff e eF Hlo| o7 9] Abeh, S, HiAL £t -5-0] of S BHA| E o el Hle] A|7| 7} kst
Elo] FA 252 7)ol G 7] uhitoll dAFA7 ol A 2 5HTH(Choi and Park, 2004). =33 9/432] 3}
‘$2]2]= ‘QGIS 3.22.7 LTR’ (long time release)] SCP Plugin (Semi-Automatic Classification Plugin)< 2H-85t0] 27
= AAlst o, 9144 9/4e] A 1 A, & J42 Fig. 42k 2tk Ab=n]dl o] & AlYE] & EUE RS 2|5l
AHESHE A|42R1 3R oot H AR =5 AFESH] Q18 1591439 B == Table 61} 2o 2 A
7o) A E = Fig. 52 YU AR B |0} I35 2| 2] 4hd A4 9] 3l E4-3-2 H]1o}7] 25h0] ttest &
S Ao, ZF BEATEA] F42] §-2l/d2 5% ol Al S5kt

The before preprocessing The after preprocessing
satellite imagery satellite imagery
Fig. 4. Before and after preprocessing of the satellite imagery.

Collecting
image data

) Image
Satellite

Comparison of values
by restoration method

Spring

Landsat TM/ETM+

Summer
Sentinel-2A
Autumn Natural restoration Artificial restoration
dNBR range NDVI range
- I J
NIR-RED
NOVI = S hes 4 N
dNBR = preNBR-postNBR
Satelte investigaton analyze
Satelite image
processing \_ Y,
Geometric correction

Radiation correction

Atmospheric correction

Fig. 5. The overall methodology to study. TM, thematic mapper; ETM, enhanced thematic mapper;
NBR, normalized burn ratio, NDVI, normalized difference vegetation index; dNBR, difference
normalized burn ratio; NIR, near infared spectrometer; SWIR, short wavelength infrared; RED, red
spectrometer.
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Table 6. The information of satellite utilization bands.

Index Landsat TM/ETM+ Sentinel-2A

NDVI Band 3,4 Band 4, 8

NBR Band 4,7 Band 8a, 12

TM, thematic mapper; ETM, enhanced thematic mapper; NDVI, normalized difference vegetation index; NBR, difference normalized burn
ratio.

Results and Discussion

%’4“03”2 ggsto] AdE 2 HUE S W3R 23, e sl o] % 2/dH 3171 tid A 9] Aol Bl Esh=
e HoH, &, A5, 712 A FollAe o154 3elM 7HE w2 S LRI e Ed Aot Akl &
%ZH et A ot A A A S H sl E o, thR-22] FH_AE AR A ISR Hk T
O 2 Foot 202 UEHAA|Th(Table 7 and 8), 7 & 7+ -#-2] o 2tol= GiRiT.

Table 7. The average and standard deviations of dNBR (difference normalized burn ratio) value
compared to the natural and artificial restoration sites.

Natural restoration Artificial restoration
Season Average Standard deviation Average Standard deviation
Spring -0.006 0.276 -0.015 0218
Summer -0.040 0.084 -0.047 0.085
Autumn -0.036 0.075 -0.046 0.084

Table 8. The average and standard deviations of NDVI (normalized difference vegetation index) value
compared to the natural and artificial restoration sites.

Season Natural restoration Artificial restoration
Average Standard deviation Average Standard deviation
Spring 0.370 0.177 0.383 0.181
Summer 0.680 0.130 0.620 0.141
Autumn 0.584 0.146 0.584 0.13
AP EteR]4=(dNBR) Hl 2

aAelgAel 43 delgipeshy %%’%& Ak, A2 ueA) 59 ol ne} Al B HAX|HF 00157}

10O 71 &

ALAE- A (FH 7 -0.006) T AT A S 2 UER L Q191 2001 - 2003, 2003 - 2004, 2016 - 2018, 2018
-20201d F/gollA] 25k Zpo] 7} 92% 20 2 UEPHTHp < 0.05). A= T|a [t &5 HIJLOJ 54121 1995 - 19991
B A = S ELA (Fet 03327 AAEAA (B 03D ET =2 ol 52 YERH 4
£1)5 5F(Key and Benson, 2006)°11A4] ‘Moderate-low Severity’ S5 UERTH o}xlUP 1996\ AHE T}l FAl<]
Be FRIBHA] EoHA AL 199917hR] A48 0] B 5 & o] ZofH g 7HA Aol o] A& 55 ntelsiA] Estirt
+ ©@Ho] 2™, ‘Moderate-low Severity’ 5= (Key and Benson, 2006)& LERH 2 0 = AHE1]sl GA| o] A A48
15l oS RS 2 Q& T 2001 - 20031 2] F/dollM = AFASLA] Bt 0497, Q13-E-HA] B+ -0336
O

02 AFAEAR|7t o FE S S LERHAL Qlor, AFE-T]5l 55 (Key and Benson, 2006)<> ‘Enhanced Regrowth,
high = U} 2 £F2] 59552 UEISITE Won 520072 A1A9] 54 S} Alet Edof| o]2{gh /4
o] el 7| = gtk 5Hg =), & Ato|A] BAI5H QA Aol 2 A17](2001 4 179 2 2003 59 9Y)7}
FUF-F(Qurecus sp.) 5 H|ESH 5t5A1489] m]E-Eo| F45] F7ot= X174 B/l W2 Z o= ekt gt
3, 2003 - 20040l ZFH F/JollA = A3 mal7t S ‘Moderate-low Severity’ 22 WEFE=T, o]= 43
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H G003 52 9 H 20041 42 9%)9] G770 17] 9] Zpo] = ISt FhAYFEEFA 9] A)7]14] 2

2 Pk 3k o 53 7R E9E 9 A EErA et A A A S vl skl S o, o] Al
7]4 m]s}2 Lepd o] obd 473t JAke] Alxm] ol k2 o] & AR EITE 2000 - 20114 0] & FAfof| A=
‘Unbumed ol 135H= #F-2 2o Y% 9] A4Jo] QFAshH 7l o = ke,

o} 540l EH VT FHEALEA S A7 Aol ASFLA (BT -0.047)7F A=
(1 -0.04) T} T4 G535 70 &2 e oL} 2007 - 2008 JAF-S A|Ql5HH U] A|7]2] GAtel| A= g2
3t 2ol7l gl Aoz L]'E]'L’H:]'(p >0.05). 1999 - 20010l 8- G/ AFEHLA] F2 0192 AAFHX
Ht -0.178 Tt 2 ZF& e AHE-1] 3l 5-F(Key and Benson, 2006)= ‘Enhanced Regrowth, low ©] 1t} Ak
£33l 343} sy ”/\H 33& ARl 2ol A wlsi Y =S wtefsiA] Zsilvke AP A e H, HAt At
Aol 3156k R % 73t weket 4= USIT 2001 - 20049 F/3HE ‘Unbumed 55l sigoh= 2o 2 Lt
Ebstom, o 53 2] F/dollre F ol HAIgle] AA8e] Eelo] fgsiA| A= QI Aoz Hofxl

}—;d o 2J€ YD FNE A5 AR A3k T35 (At -0.046)7F A H- X (H
-0.036)2CF A3 Eo| o] Fast A o2 LFERFOm, 1996 - 1998, 2015 - 2017 GAollA = thAtA| 1.5 7t &
93t zto]7} = A2 &2 e THp < 0.05). 19961 A= 5l| ©]% 2003 - 20059 F/d7HA] AhEw] sl o] < A4 2]
E-2 HERHOM, 2005 - 20061 FA3H-E] AHE3]85-F (Key and Benson, 2006)°1 4] ‘Unburmed’ 522 LERH o] 4]
o] P 0 2 5] Eshe 710 & TehEITh AR Al A ek 420] QA HAFS BAjst At Al Eelg 4]
ko] A &Aoo 7 AN A EFFS oot 4 QA% em, &, o, 7 A 25200099 4 o] = Ah=E
1] 852 (Key and Benson, 2006)22 ‘Unburned 552 UElo] Al4o] eFyZ 0 2 3]2-5 51= Ao & Ueldt
o} g et Al 4= o) AHAd B 2| e Q13- 5 A 9] ]l Y= Fig. 61 2T
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Fig. 6. The results of dNBR (difference normalized burn ratio) value of natural restoration sites and
artificial restoration sites after forest fire restoration project (Top: Spring season, Middle: Summer
season, Bottom: Autumn season, *p < 0.05, **p < 0.01).
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Fig. 7. The results of NDVI (normalized difference vegetation index) value of natural restoration sites
and artificial restoration sites after forest fire restoration project (Top: Spring season, Middle: Summer
season, Bottom: Autumn season, *p < 0.05, **p < 0.01).
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