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Abstract

UN-REDD (United Nations programme on Reducing Emissions from Deforestation and forest
Degradation) is currently being emerged as one of important mechanism to reduce carbon dioxide
in relation to the deforestation. Although administrative boundary has already gained world-wide
recognition as a typical method of monitoring unit in the process of GHG (Greenhouse Gas)
reduction project, this approach did not provide a realistic evidence in the carbon sequestering
monitoring in terms of UN-REDD; the meaningful comparison of land use patterns among
watershed boundaries, interpretation for distribution trends of carbon density, calculation of
opportunity cost, leakage management, etc. This research proposes a comparative evaluation
framework in a more objective and quantitative way for carbon sequestering monitoring between
administrative and watershed boundary approaches. Mt. Geumgang of North Korea was selected
as a survey objective and an exhaustive and realistic comparison of carbon sequestration between
the two approaches was conducted, based on change detection using TM satellite images. It was
possible for drainage boundary approach to identify more detailed area-wide patterns of carbon
distribution than traditional administrative one, such as estimations of state and trends, including
historical trends, of land use / land cover and carbon density in the Mt. Geumgang. The distinctive
changing trends in terms of carbon sequestration were specifically identified over the watershed
boundary from 4.0% to 34.8% while less than 1% difference was observed in the administrative
boundaries, which were resulting in almost 21-22%. It is anticipated that this research output could
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be used as a valuable reference to support more scientific and objective decision-making in

introducing watershed boundary as carbon sequestering monitoring unit.

Keywords : Comparative Evaluation, Carbon Sequestration, Administrative and Watershed
Boundary, UN-REDD, Mt. Geum-gang
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Table 1. Overview of watershed and administrative boundary in Mt. Geum-gang

characteristics of individual study sites area (km’)
Geum-gang Many scenic spots are available, located in Inner geum-gang as the center of Mt. 9228
Geum-gang
| Chang-do Main drainage source, flowing into The Yellow Sea, originated from Mt. 363.6
Administrative Gem-gang
Go-sung Major tourism route for Mt. Geum-gang which includes Seashore geum-gang and 366.6
Outdoor geum-gang
entire area of administrative district 2653.1
a: Western geum-gang | Drainage zone of Western geum-gang originated from northern side of Bi-roridge |  182.1
b: Hwa-chun As a upper Buk-han river, watershed boundary is extended by Im-nam dam. 118.0
Watershed | c: Eastern geum-gang | Many settlements are observed, compared with other watershed. 228.5
d: Nam River Nearby the Military Demarcation Line(MDL), located in Sin geum-gang region, 156.0
deep ravines are observed.
Entire area of watershed 684.6

DEM Value
- High : 1638

.Low:()

Rivers

|:l Watershed boundary

Geum-Gang
|:| Administrative boundary

Kilometers
0 10 20 40
Figure 1. Watershed(a-d) and administrative (Geum-gang, Chang-do, Go-sung) boundary of Mt. Geum-gang overlaid on
the DEM(Digital Elevation Model).
m Location of study site: marked as rectangle in upper right Korea map
m Eastern boundary of watershed a, ¢ is overlaid with administrative boundary of Geum-gang and Go-sung, Eastern boundary of watershed
b is overlaid with administrative boundary of Geum-gang and Chang-do, Western boundary of watershed d is overlapped with
administrative boundary of Geum-gang and Go-sung.
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Figure 2. Landsat TM images of Administrative district and watershed in Mt. geum-gang between 1990 and 2010.

m A: watershed 1991, B: watershed 2010, C: administrative district 1991, D: administrative district 2010
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Figure 3. Digital map and high resolution satellite image used in the process of visual interpretation. (examples)
1:25000 digital map of Dong geum-gang watershed(left), KOMPSAT-2 image provided by V-World(upper right), Overlay of the digital

map with GeoEye-1 provided from Google Earth(lower right)
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Table 2. Comparison between administrative district and watershed in land use change
(1991 to 2010). (Unit: ha)

Western geum-gang Hwa-chun Eastern geum-gang Nam River Watershed Total
1991 | 2010 | 1991 | 2010 | 1991 | 2010 | 1991 | 2010 | 1991 | 2010 |areal change | decreasing rate (%)
Forest | 138182 | 9978 | 8959.6 | 6293.9 | 18826.9 | 122752 | 15039.8 | 14419.8 | 56644.5 | 42966.9 | -13677.6 31.8
Water 648 | 4565 | 47.1 | 11923 | 1503 | 966 129 | 2433 | 3912 | 19887 | 15975 -408.4
Non-Forest | 43284 | 77769 | 2792.7 | 43132 | 3871.8 | 10477.2 | 4264 | 932.1 | 11419.3 | 234994 | 12080.1 -105.8
Entire area | 18211.4 11799.4 22849.0 15595.2 68455.0
Geum-gang Chang-do Go-sung Administrative Total
1991 2010 1991 2010 1991 2010 1991 2010 | areal change | decreasing rate (%)
Forest 781440 | 603272 | 63536.1 | 49322.1 | 679747 | 535914 | 209654.8 | 163240.7 | -46414.1 221
Water 3126 9052 175.6 8633.3 563.0 12812 10512 | 10819.7 9768.5 9293
Non-Forest | 138283 | 31052.5 | 22647.8 | 28404.1 | 181264 | 317915 | 54602.5 | 91248.1 36645.6 67.1
Entire area 92284.9 86359.5 86664.1 265308.5
go] Wajo] AA el o] £k WA WA = UEhgeh, o] A& Bate] AR olsiz) sk
3 AR uAR o Mao] S71 A0 Uehgth, 19904t o] SHE thehtal vEh 5 AXE At
Ao BRI NFUH AR0 AR W 3 AAX Wae] 123 F/kste] Lrehtt At
0] 13818 2hacll Al 10978hai Fr4at T HAKES & AkmHc)
4328 5hadl| A 7776 9ha® S7 18 A 02 Lpepton o}

\jﬂ NS

- }—meao*n} a2

4%@8

oo Ak

Hol 8959.6ha

o A 6293.9ha=

O} 220l 47 1haoﬂA1 192.5ha& 27
B30 1990 o

R 3}04

200349 ¢

7OP

o walsl e 28 dehh e, W o9

SR CEETE

o] 27

A

o A 0

o
3%

ol
i 12 b b

flo 2 ot
=

1° Ho

MR a7t 1 Hglon]

o] 55l A9A %=

UN-REDDeJIA] 878h= 327|741 204 &
]_

Bl S5 A Ao ] 4

929. 3%9} 67.1% ﬂ7}f& 20 =2 et (Table 2).

=

of w2

p

o] Tk 2|ofo] 2

A7) a4 Qo)

eqom AT A efof 2%
ef5ts WA} AgEolol ¢ u}

1 A8 7Hs ek B

S 220 AR oY A 4
9] o] ufet 2 Aol 5 1t 8
A =3 DA Aofe] Apaet X
2 951H B AR A
Zholl 2 A7 AR 4= ik, =y - 9 o)

Aero] A4 lARR) vhol e Ak EA|w
%}E%Z‘lg] ijq— Xloﬂ tq-al- 74245]9_; _?,l
w58 05 gt ool dz

Al

[e

F5e Hl%

7| %3t &

o e rje rﬂ o o

A
¥4 gle

So0] Aol FAH, 744, 2o A WglelA] 4



ERA HEZ ZAOIM BT $HTOl Bl Bt 447

i o
1o
=)
)
=2
=)
L

N

4§ Mt et a4
AABRL QAR A A% GEE 2 o] 1

efof] wheh A AAH &2 A8 75t 71 24k Tier 1)
< A A8k 9L H(IPCC, 2006; FAO, 2010), BHA
AR A G= B A ol A-&st7] Artet 29 A
oA A E|ofof st AhEHr o] A2 E3 A
AlgE 4= Qlojofst & (World bank Group, 2011,
IPCC, 2006) e & EAdollA] W2 zpolg BHY 4=
e T A A fEL okl H-8-517]9

AR gl o)) BAXGE A2 maE
ASE 4%, 98 U, A4, 93 59 4 A
A 59 Bl uje} ge Hjol 2 Bl

oo
2L
o 3L
= 3o
T
P
ox
>,
o

=
Ko
(RS
o
-
N
~
Jo
_|>:
_?L
2
iy
oo
N
S{F
ot
oo
Shs
oE
do oj

o
o ox O qju

K ot

o
ohekeh AtelEol QAN A 95 1t
S e 2po] 5 HY 4= glouE,

A (spatial heterogeneity) &= 213t ¢
2ol 7} A of AF A FALT} FAFSHA U
ool 4k AeE Agste Ao HaA g A

L A=
o NHEE £ 5 9 A0E BaEd,

2ok 2 ol
o

N o ayes

X
ox

N
o
<
i

ox
o

2010; =393t 2011), S74Ako] £31 4%
991 A AR O BANAARE EET A
T o BAETERLS - o], 2011 A,
2010; &3k, 2003), skAIgt o] gt AT 574
ATk A2 A 0 & QI sHA] grol AR 2o Ak
RElA fFAF 55 A 5= GIAY shaA A4
Abe WO AlE| e g BAEly] oy, 3 B

o E

e
o
S~
>
lo
-9,
-
=
o
2=
12
ro,
ol
)
>
i,
N
1 4
o
M
o
|o

2% o 20km A2 v Q85 o] Fe 33
o] o fARSIERRL Mok ST Alolch, Mot
YoR mEY ALY, 2012 ATl
NFE7} om] B4 AGuhe] g B33
WollA] o] Rol4l AT % by AR A0 B

e
2
ok
rlr
o
TN
f
o
=
o
i
B~

O
i
o
R [
lo ‘
X
o
g oﬂ i
o
e
i)
>
i
>
op
o
2
S~
>,
oX

o] 7ksAdo] 3l7] wo|ct,
T8%7} AUpR, 2t
(A=A, 2010), &

>~ r_|>:,
oL i ot
1=
)
1o
o _[TOT‘

i
o
r 30
l
h:)

oN :lﬂ
(o
ol
o
o
ftl
oy

1>
> o 2O
Az
oN
o
it
o
4
d
T
1~
0
i
-
H o

f
o
o,
RS
:Oé

Mr rlr
<l
-
N
=
Hr
rlr
o
o
N
12
o
f
I,

of\ rfo
Hz
B
o

O
-

o,
1>
e
u}
il
u)
5]
_O|L
=
%9,
2
>
L)
»or

> oy
o

e
o
)
¥
il
2o

oot
B o

o
> on X

L

°

rHoox
@ o= R o &

=2

o
S 2 o
o=

ju
mo AL
oo O by

Ehi
4
O

2 i T
_O|L
2
o

it > B
L~
afu
i of
=
ofl
|o
it

R
)
_?L

1 >

= &

” Mg

o >

e U
)
j}_lv'

Fz 5=
o '
o ol
=
o
QL

2
o

o 1:1&1 ol
o
2 OHE
1o o
B
oz Hu
e g
il
rir Eii

o
N

Z AolE 1k 3 300~400m ©F
U o3 3k 300~800me U9t
UiEo) 3A4Y I 92 SAeYS o]Fo A
U7 7| 2o B R (F3E,
1998), ol AATH Al F AL E 249
< OB dARAE Boll AREE AT vt
o 2-89] el AE29] FAMY SollA 2%
Aol A-g3}7)of| 74 A5 Ao = ket uhet
A2 ATl E FeE P44 AR &Y, Ay

U o

2
2
|o
K
B
i
—d
fo
ot

AF A AR A 3] 2851900} (Table



448

SEIEIL M22H M55

Table 3. Comparative evaluation of carbon sequestration factors applicable for TM classification in Mt. Geumgang.

similarity of the forest

amountof | type of forest or biomass to e e watershed Reliability of the
carbon (tC/ha) estimate carbon storage Y P Application Potential |  estimation method
Mt. Geumgang
v R Fues 176 o: Hwaengsung, Gwangwon
T0 o i ; . > .
0) pE 4 o: pine tree, oak, mixed forest province 0 o: field survey
za8y 1158
ojuted (2012) 147 A: deciduous broad-leaved tree | 0: Mt. Seoraksan o o: field survey
AL (2010) 146.9 A:pine tree n Gwangwon o: Inje, Gwangwon province A o: field survey
province
o: coniferous forest broad- o: Wonju, Gwangwon . .
k7] O 0| Q2 g :
21219 0] <= (2011) 361 leaved tree mixed forest province A /5 national satisties
w3 ge e (2011) 93 A: deciduous broad-leaved tree | A: Mt. Bukhan o o: field survey
et (2010) 112 A\ deciduous broad-leaved tree | A: Mt. Jiri o o: field survey
5315 (2003) 136 A\ natural broad-leaved tree A Gwapgry ong Kyunggi o o: field survey
province
223} % (2011) 30 x: above ground biomass o: North Korea X X: prior research
FAO (2010) 30 x: above ground biomass o: North Korea X x: international statistics
IPCC (2006) 60 x: above ground biomass x: Temperate continental forest X x: international statistics

X: international statistics
0: detailed criteria suitable to estimate carbon storage, based on watershed in Mt. Geumgang.

A details limited to estimate carbon storage, based on watershed in Mt. Geumgang.
x: world-wide criteria to estimate carbon storage for target far away from Mt. Geumgang.
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Figure 6. Comparison between administrative district and watershed in carbon stock decreasing rate.
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