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A F4o) Jojr=, &F7] BA LiDAR(Light Detection and Ranging), SARS} 7to] E3HaAJo] vhe 7% H]
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g o g aElsiol & Fa/de] ot
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Abstract: In recent years, domestic and international interests focus on climate change, and importance of forest
as carbon sink have been also increased. Particularly REDD+ mechanism expanded from REDD (Reduced
Emissions from Deforestation and Degradation) is expected to perform a new mechanism for reducing
greenhouse gas in post 2012. To conduct this mechanism, countries which try to get a carbon credit have to
certify effectiveness of their activities by MRV (Measuring, Reporting and Verification) system. This study
analyzed the approaches for detecting land cover change and estimating carbon stock by remote sensing
technology which is considered as the effective method to develop MRV system. The most appropriate remote
sensing for detection of land cover change is optical medium resolution sensors and satellite SAR (Synthetic
Aperture Radar) according to cost efficiency and uncertainty assessment. In case of estimating carbon stock,
integration of low uncertainty techniques, airborne LiDAR (Light Detection and Ranging), SAR, and cost
efficient techniques, optical medium resolution sensors and satellite SAR, could be more appropriate. However,
due to absence of certificate authority, guideline, and standard of uncertainty, we should pay continuously our
attention on international information flow and establish appropriate methods. Moreover, to apply monitoring
system to developing countries, close collaboration and monitoring method reflected characteristics of each
countries should be considered.
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N o=

A 20109 1€ 29958 #AIS ZEZA R € A
162} 7] $-¥H 3} FAF=+ F3](Conference of the Parties,
COP)¢} tiEo] H 7|5Hst A9 9 FEa|del et
SHE B R FAHQ Aol FobA| AL Ut} o]l=
Worldwatch®] 2} H.57.9} 7] 31 7745l (Intergovern-
mental Panel on Climate Change, IPCC)2] A|4x} 7]3-H
st7HE o) et 2ATES wiE T S]] tigk A
Al HJo)le] 7]¢13H (Hare, 2009; IPCC, 2007).

ol2]gk At Al S5 &l A Fodol FtE A
< 19979 UNFCCC(United Nations Framework Con-
vention on Climate Change) COP-394 R E|HAE A
3} o] 52 7] Rzt ofell A Aol Bhagade® <l
AE7] AFeraAFE ot o] F-, COP-TollM &= wEH
A FelEe AEetaL, BEXolE, EXo]§-2] W3} 2 ¢
A(Land Use, Land-Use Change and Forestry, LULUCF)
g BN e WE HAUFE] oS 9%
At B "R FAA R =0 E A S AT
20041 ok=alEollA 7HFE COP-10914= A7k 8%
HAE oet FrYoR AR 2H Az woF v
2Ed I5& 9 A A (Afforestation  and
Reforestation Clean Development Mechanism, A/R CDM)
o] F313} o] & FXI8l7] 913k 7Haske HAkE A ek
©m, 2005 COP-119141E AR CDMAKY &%< 93
7HeFet 715 B RUEE WY Eo] nhdE o] 28 o
Stk

2ol EolA= IPCC 33} H7HR AL 9} S B €
&S ol AgAed Hst o] F 247 v e
Z7te] Fhd o= 1453 Atk IPCC 33} 3 7HE 1A
(IPCC, 2001)0lA4 = 7HE=e] AHglx-8 0= lste] wij&
He 2477 A AA 24A7ES w2 oF 20%E A}
Ajts AT7AA7E AA E o] o, 28 B ALA (Stern,
2006)°141= REDD7} H]-&-Z1 SHo|A E&Z oleh=
AES WE v} Adrh o] & AR E, 2007d COP-139114
© 2y 2ES FESHL, W] T SAVEE S &
HSE Aol Ahg 83 o3t BA S 91 7414
ol gelE A1Fal% thClémengon, 2008).

o] 3 COP-14°14:= REDD2| ¥ 9|7} AH 483} 4k
PR FE o Bl E 159 ofu]oA] Ay RS
HE B 23, A&7se A7 9S £33t REDD+
2 FHAHJHA Y 5, 2010). REDD+= 7] REDD
HAYUFE e wAUFe]7] Wil RUEE A&
g 9JA] REDD WAYFS] EUE | 7]1gt}, whaba
£ =)A= REDD % REDD+E REDD+E 5§15}
E718t e gt} 53k 20099 gink=o) A JHHE COP-

)

1594 = REDD+& 5% 541 f2ld e B84l &
o]3}3 o, REDDOA REDD+E2] 9SS 913k W
HE N} He=7ke] o] EUAE 14 g
QR =E3HA] Zatith. ol 7]t of
AAAQ 557 HEo] Post-2012 7| FHSEA A 8F
REDD+ #lAYF ] =3 #A&AS ko] COP-169] 7}
1291 =olthato| Tk COP-160] ZEHE AlFo) 1
, A%<l REDD+ HAUZFE] £ gk A&
A YA, o 7HERFe]E B38| COP-159
M =2ud Ax=53 e Abele] 47 2fo]
AL 2 chs F7EE wuthRIE4, 2010). 3F
, REDD+& 23 sh= 7HEel7} olddo] Hr =
ol gel7t ol 7] wjell, 2011'd9) Folze] 73}
Jutol| A 7§ H == COP-17¢] 9 gto] St Ut}
S2uehs oW COP-16914 == X915 FAI5H
B3 FA, 715H31g oF HollA] REDD+7} F8.3F 4
A o] shg A Aks) ol Ale]m) A $He 24, REDD+9]
AAR F 3} o] 7Ie ExEl tigh 71&old 3
A F&so] 875 Utk AR o}# 712 REDD+ A
ol g5 AF317] 918 MRV A| 28] G130 )3t A
AR WHE YL AR5 AFEIl vHE o
H3ElA] 52 Zlo] AHdolH, 53] AR S 8§
2 BUE R AA 53 e X5 ZUE
P 2o i3 Ayt F s Aot} uEh B
Aol A= REDD+ HAYUF & AH 83 st =y
B Al2Ho] dlef 1= AAIE AuRa, olE fl8) &
S5 95T 7 54 2 A87H5A8 S v
& 4 7l SN A AL gt Yoyt Hed W
S5 v o2 REDD+ B A Fa)of Aet AAYAAE
g1t A A5k} g
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REDD+ WAUES] A A5 H7lat7] 218iA
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REDD++

Afforestation

MRYV System
REDD+ (Measuring, Reporting and Verification)
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Enhancing carbon stock ﬁ
Sustainable forest management
Remote Sensing
(Optical Sensor, LiDAR, SAR)

REDD

Deforestation
Degradation

Figure 1. Scope and relationship between each mechanism
and MRY system.

of $}(Figure 1).

&2 REDD+2] <=3j9i )
Z &= IPCCA A Ag GPG-LULUCF(Good Practice
Guidance for Land Use, Land-Use Change and Forestry)
(2003), AFOLU(Agriculture, Forestry and Other Land Use)
(2006)7F A2, GOFC-GOLD(Global Observation of
Forest and Land Cover Dynamics)oll4] #|A]$F Sourcebook
(2008, 2009) 52| ¥WH=o] 7fE= o] 9t} 53], GOFC-
GOLDOM = w& B33 Akg ] 2 o3} 7)< ¢]
S g AstEds %Zéa T d= WEE AP
2 AL 8
AFOLUE H¢elo] 2 % S|
o wt} g3ty 7tatd WEEc 24 EZA(Com-
prehensiveness), & #J(Consistency), & & (Efficiency),
ZA 32 (Robustness), 4 (Transparency)z} -2 7]%
2)& vejste] YA wst g Exolg wsks 543t
3 JTHGOFC-GOLD, 2008).

5 2=
489 5 e e

2. REDD+e| £ X9
REDD+ EUE A29e 2ol tiaie) 44,

AASAAE HAS, B4, a8 3 FSE FGrle] £A=
29 F TH(GOFC-GOLD, 2009). ©] &, AHd7e] @A=

YRGS Polse) BE WA B Bas Y uEE F
A7) SlalA] SHH 0z Fayslofo sul, o]F 715

Hojvh=s 8293 FH|sA A & AHEete] HEH o=
z%;dl"zsgoﬂ Ujr E]-/\;ﬂ71-%};% Tﬂﬁﬂohﬂ":} Giri %(2005)

2 A ool wpet ab g 2 & sl x| gk A
ojgt AFE 7HAE 7] wiiel AEAR e FoAs
A5k v} ot

Ak oo thal FAO(Food and Agricultural Organi-
zation, 2005)= S HE 10% o4, HAFA 5 m o, 3
2> W3] 05ha o]l AHE AHHe®E Hojstlon,
UNFCCCQ001)0lIM= 7t 57h= # 4 Abei A, e &
24, 4 29 EE 7} 0.05 ha-1 ha, 2-5m, 10-30%2]
QoA Melste] F7PEE o] el == 513 tHTable 1).

A FA s ST RAAN S HAAEHA
0.5 ha, A&LHE 10%, ALFIL 5 mE FH= o] 2838
3 ATk ARGl it Ao ArIHeE,
T FTAHORE AHOoRE AR EHY o] ThE H|AH
SEE AREEE A S, g g sk Atg 8ol
obd oA A 7|7 Bk 247k vlE o] A7t
F HTh 2 A9 S vtk A8 AR GolA 1]
A Ao g Wapy| wjigol J4 9 vk vehe, Ak
Hev st 9, A, sHE-S 919 Fwgh HA, A= 5
7ol A o] ©AaFA ] 4% k= A

A T, |5} o] ths BAFA o] Hade A
5 23} (Figure 2).

pa

3. ¥HEAPIEE S8 2L HE EHed
712 =7H:k ZAH(National Forest Inventory)& H]&

Table 1. Relevant land use change and forestry reporting activities definitions (UNFCCC, 2001; FAO, 2005; Korea Fores

Service, 2009).
Term Definition
IPCC FAO Korea

Minimum area 0.05-1.0 ha 0.5ha 0.5ha
Forest

Tree crown cover 10-30% 10 % 10 %

Minimum height 2-5m Sm Sm
Afforestation Direct human-induced conversion of land that has not been forested for a period of a least 50 years to forested land

through planting, seeding and/or the human-induced promotion of natural seed sources

Direct human-induced conversion of non-forested land to forested land through planting, seeding and/or the human-
Reforestation induced promotion of natural seed sources, on land that was forested but that has been converted to non-forested

land (baseline : 1989. 12.31)

Deforestation

Direct human-induced conversion of forested land to non-forested land; implies a change in land use

Revegetation

Direct human-induced activity to increase carbon stocks on sites through the establishment of vegetation that covers
aminimum area of 0.05 ha and does not meet the definitions of afforestation and reforestation defined above

Forest management

System of practices for stewardship and use of forest land aimed at fulfilling relevant ecological (including biologi-
cal diversity), economic and social functions of the forest in a sustainable manner
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REDD+ Monitoring System
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Change area
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Change area
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! Non-Forest

Time Time

Figure 2. Fundamental structure of REDD+ monitoring
system and difference between deforestation and degradation in
carbon stock change.

Sk A GAS7e] A RAF Al 2HlE mF R oFF o]
Al ZkE v go] Fo] AREE TS 7HA A 9o
REDD+ EUEH A 2" a8t A8, T4
WA TE| 3 A A A RUEE S 215 $5A4
7)+=dl A7} Atk (Achard 5, 2007; Houghton, 2005).
o]# gt TS SE357] 918l, Landsat 914373 A&
o7 tpFet BB FqH TG EE 7R dA"EAAR
£ Al A A o® A gal] Qo ) FHZol=, o
Aol REDD+ HIAYSS sdh7] 913 A 23
Lo shtEM AWy 9o, CIFOR(Center for
International Forestry Research)i= AH -85} Ak o}slo]]
ot Bl ES FA 5] flal B wshH A ©@A
SHFE dAdR Ve At AdS B3l 7
SHS- 2153k ¥} ATHCIFOR, 2008). ©]A & YAEA 4
2 REDD+ B35 A3 gl lof, 7|4 dAskal 7+
2A7EE WS FE BUEHSH] faEl frY sl

2484 g 7EE AL Ak DeFries &, 2006).
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AL dig RUER $89] Fa e A
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Table 2. Characteristics and applicability in REDD+ of various remote sensing instruments (modified from Bottcher et al., 2009).

Satellite and Sensor Spatla}l Applicability in national Tempor.al Applicability in
Resolution level Resolution annual level
Optical, medium resolution sensors
Landsat-5, TM 30m Suitable l6day Suitable
Landsat-7, ETM+ 30m Suitable l6day Suitable
SPOT 4 20 m Suitable 26day Suitable
Terra ASTER I5m Suitable l6day Suitable
CBERS-2, HRCCD 20 m Suitable 26day Suitable
DMC 32m Suitable Suitable
IRS-P6-LISS 11T 23.5m Suitable 5day Suitable
Optical, high resolution sensors
Quickbird 3m Too fine 1-5day Suitable
Ikonos I m Too fine <3day Suitable
RapidEye S5m Too fine 1-5.5day Suitable
SPOT-5, HRVIR 5m Too fine 26day Suitable
Optical, very high resolution sensors
Quickbird 0.6 m Too fine 1-5day Suitable
WorldView-1 0.5m Too fine 1.7-4.6day Suitable
Radar, SAR
ALOS PALSAR 10-15m Suitable Available Suitable
Satellite or shuttle SAR 5-100 m Suitable to too fine Available Suitable
Airborne SAR 5-100 m Suitable to too fine Available Suitable
LiDAR, Airborne Im Too fine Available Suitable
497 2 AP YA S AN P BYRALE ol o] BEH BaHHFS Fol 25 WE AEY 92
A HARE vgo 2 F3)% ), [PCC(2006)°41+= REDD+ 27 49 (Biome Average), AHE ZALE £33 €4
M &&E 5 e HaFH WIS T e 4% F74 " (Forest Inventory), ARV &S &8
2H, S & sl 324 (Stock-difference approach) gk e AS2 & W (Remote Sensing) 52 AlA g vE
7 &g 2 & H2H (Gain-loss approachyS #9t3} ATk
ATk Ba%A T WS P2 T A7) B g
W3S AHE3ho 24 REDD+ g &0l w2 ehiu)E A 2. HAEAP =S HEARE H HEY
DS 2D W, BAES L lE Y2Ye 94 REDD+ WAUZANE AgAclole BAwse u
717 &t thgA A o] o] Fepshe A gaigolA YE Hslal fasa st A=l 7154 tin] g
WlZ s A ghse) Aol 2 B A 25 RUHY sh= Jlo) 2o Rold

1) Stock-difference approach 2) Gain-loss approach

C uptake via

Carbon stock Carbon stock
inyear1 inyear2

Land use
type

AC =A Cyyip~ A Cpogq

AC=(Co-Cy)/ (t2- )

AC = Anual carbon stock change in
pool (tC/yr)

ACg;, = Anual gain in carbon (tC/yr)

ACy,s; =Anual loss in carbon (tC/yr)

AC = Anual carbon stock change in

pool (tC/yr)
AC,; = Carbon stock in pool at time t; (tC)
AC,, = Carbon stock in pool at time t, (tC)

Figure 3. Approaches for estimating carbon stock change
(Brown and Braatz, 2008).

3}
Bde &8 AT tiREol AR, H2oll= LiDAR %
SARE °|-&3 RUHE o] /LE AFEHA vt
(Table 2).
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&E AAEA &0 A AEEA T A9 S
WHsle] digk A9A FRAXFE HAFZH Eld
of o]&-%| 3L gt} 53], MODISS} 7H& A a4
A XE], Landsat, ASTER, SPOT-4, CBERS
3%, Quickbird, lkonos, RapidEye, SPOT-5
A=, Quickbird®} WorldView-13 72 233173
d%9°3E°] REDD+9] AH A8 2 33} 2|8 &X] 3}

=l 2853 3t
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REDD+ RUIEIE AZelolA] Ho1d e F7has)
g e ASHeE BUHET 4 ok BEAL
Z MODIS®} 72 AdE 972 45 FAO, IGBP
(International Geosphere-Biosphere Programme), ESA
(Furopean Space Agency) 59| 7|#< T3l X+ &9
o] At vl Estol| thek RUE RO 3ol 285 9]
on, - TAAES] YAk FVTS] 2 Aelusle) 2t
Ho| i sHEA] o] €853 9 tH(DeFries &, 2006). 531,
Landsat TM3} ETM+ A&& A}5.2] HZo] &o]3}aL, A
ALHN ARE AST 5 Arhe PolH =AM
Ao 8- 3 9] O (Baker?} Williamson, 2006), ¥4
Wel] we) AdolsiA N =& FrE /Rl ARE =E
&t 4 S th(Fuller 5, 1994; Woodcock 5, 2001). Bird
E(2000}— Spot PAN3} Spot XSE &-8-3lo] EX|3]EH

£ #Z3% v} 9J 91, Quickbird, Ikonos, RapidEye,
WorldView-18} 2+-& TafA = 2] G4t JA] EX| v B3]
£ GAa] 18] A8 HUAT 5L FHES) HhE
A7 EF ] A9} v)L-AQ =] A7 AT
S AF3} Aoh(Limp, 2002; Hofimann, 2001).
3’4—6‘1—032\1-.9_ A2 P‘(j__Q_ ol :@]—,ﬂ]ﬂi 18k AW Wy

o

GRS F3 Hhol oo 42 B3t v,
K-nearest neighbour, Neural network, &gZA} 55 53

A2 vl o2 7he] BAIE AFH R A AY
(Kim 5, 2010), 9H A X 5>(Leaf Area Index, LAI), 4+
T2, THA HEH 2L A 7] dAE T8 A
W © 2 577 EI tHGOFC-GOLD, 2008). Wulder(1998)
YA F ol el 2 BALLS A5
70, o]% Brockhaus®} Khorram(1992), Trotter &
(1997), Coops 5(1998), Fazakas 5(1999)°l <]l &=
uh Aok A8 HE HHES e B 2A ARG 7}
8739 a9 A=l wet 24 ¥, MODIS, SPOT-
VEGETATION, 18] 3. AVHRR#} 2] s =7}t W& o
e EFS dst AR YS ASH R vlo]
Q2 X =3E 98 #-8-% 3 ltk(Patenaude 5, 2005).
o] 3 A AT FAE AAXAF AE 9 B}t _7_—5;“/\].1:
BT Agrs Sall Bk &% o3 P AE
E=E37] 98l AHg-Eo] 237 Qlth(Rosengyist &, 2003).
AT EHst €] 8 vlo] euf i A AgE B A
TEo] AP o IAITH IPCCAAM = AAFA &S A
HoEs}t gAofnt o] &3 218 A ThBéticher 5,
2009). ©l= e Wy Eo] RhEAd SR A S
Kolx] erom Aol thet o] FRAL Y s
o] 9AMNAEE 8F3] W] NE=S A=
ol &= REDD+ol= A skA] 7] wjEo|th(DeFries

¥ 0 o

%, 2006). &, IR, EAHE el Qs A AIEA <L
BEE 58] FEvhe e A AT A
28291 Wslel| Hgtsivhe 48t dAt 5ol dx2l ¢
Al GA] BHoZ EA) e} (Grainger2t Obersteiner, 2009).

2) LiDAR
LIDAR A 29 Fa34E
A Aliuﬂg}_ Ex]Eh= Zé}_g]
9h REDD+ 2 U E & A|2F o= F-4] §} sl th(Patenaude
)

i

5, 2005). 3HAITH T2 dAYEAAE 2 dFAFA A5
2 2o HYAS 9 APk Wi 9 B
ARE 949 4 .

REDD+ RUE Y A]2="lolA LIDAR 7]&°] 83 A
& A g At s F34eE Azl ek 33k A%l
AEE AFHos 8% w AR & 1.2 (Boudreau
5, 2008), tHE A = B} & =S HRS
2 npo] ouj o] Wi ZA ] AAll e FE S AT
T de Fdd 94 0] 7] wiEo|th(Drake &,
2003). FH2ol| Aeof WY EF=2 LIDAR AEE &8
AL, AA, vre] e, g

/1\4%94 /‘\702—1 _:?.zo] ,E_;g
S Hotele Ao 27 @I AoH(Kwak 5, 2010;
Kim 5, 2010). LIDAR A&2E5 &-g3lo] 343 FuE
ZALE F8l Ao ARG} v AY O S A5
S Boln], WAE JAE $aLe] 3= 0.5-1.0 m 2}
-irx g o] 8Fa] % th(Nilsson, 1996; Nesset, 1997). ¥+
vlol e AR A thE B4 A =
=5 EO]E}(Bortolo‘M— Wynne 2005; Lim 5, 2003;
LimJJr Treitz, 2004; Nasset 2004; Nelson %, 2005;
Popescu, 2007; Kwak 5, 2010). ©]& gt A+E X3P 3s}7]
SeiE Nedo s Agaelel e 2Ah 2 RUE
o) Aayslofel Fe). 24} 9 RUEIRE Bal R A
3 LiDAR A2 3394 54 drohde) A4 -

rlo

BYSH9 S47) #AE Syshey wEA et
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Table 3. Cost of data acquisition and analysis for REDD and plus monitoring system (Modified from Bottcher ez al., 2009;

Patenaude et al., 2005).

Unit: 1,000(%)

Med‘“?n High Re.solutlon Very ngh Airborne Satellite Airborne
Inventory Resolution Optical Resolution .
. . SAR SAR LiDAR
Optical Imagery Imagery  Optical Imagery
Data acquisition (cost/km?) 0.81 17.86 88.40 370.40 62.92 420.20
Data analysis (cost/km?) 1.25 192.50 9.46 9.46 92.40
Total cost (cost/km?) 135.85 2.064 27.16 280.9 379.86 72.38 512.60

Total cost for national

forest area (63703.04 km?) 503405798

131,483.07

1,729,856.05

17,894,183.94 24,198,236.77 4,610,826.04 32,654,178.30
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Table 4. Uncertainty of each method for estimating carbon stock (Modified from Gibbs et al., 2007).

Method Description Uncertainty
Relates ground-based measurements of tree diameters or volume to forest carbon stocks
Inventory . . . . Low
using allometric relationships
Medium Resolution Uses visible and infrared wavelengths to measure spectral indices and correlate to ground Hich
Optical Imagery based forest carbon measurements &
ngh Resolution Uses hlgh resolution (3-20 m) images to measure tree height and crown area and allometry Low to Medium
Optical Imagery to estimate carbon stocks
Very High Resolution ~ Uses very high resolution (1-0.5 m) images to measure tree height and crown area and .
4 . Low to Medium
Optical Imagery allometry to estimate carbon stocks
Airborne SAR Uses microwave or radar signal to measure forest vertical structure Medium
Satellite SAR Uses microwave or radar signal to measure forest vertical structure Medium
Airborne LiDAR LiDAR uses laser light to estimates forest height/vertical structure Low to Medium
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