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Assessment of Forest Degradation and Carbon Storage
for REDD+ Project in North Korea

Dongfan Piao, Woo-Kyun Lee*, Yongyan Zhu, Moonil Kim and Cholho Song

Department of Environmental Science and Ecological Engineering, Korea University

Abstract - As the deforestation in North Korea gets severed, the interest for REDD+ is also in-
creasing. This study analyzed historical land cover changes of the study area which is 10,000 ha in
Hwanghaebukdo of North Korea for assessing change in landcover and carbon storage. The result
showed that the forest area had decreased from 7,035 ha to 4,293 ha which is approximately 39 %
of total forest area between 1989 and 2013. The deforestation caused that forest carbon storage
had decreased approximately 284,399 tCO:. Set the baseline and analysed the potential reduction
amount of carbon emission, it was estimated that REDD+ project could store approximately
364,704 tCO: for next 30 years. This study still has limitations such as lacking in direct field survey
and the data of stand volume of each tree species which was replaced with the data of stand
volume in South Korea. But, study can be applied for future REDD+ projects in North Korea.
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F| 2, 7| SRSt A%t G gyt A AFAH o= 47}
A HA, 2ATEA &S T8 7RSS FAT &+ e
847 A9 7HA7F FokA AL Qv 53 AFE 1990d
& Azl 7+45l7] AlZEHY T} (Park and Yu 2009; FAO
2010). 1999¢ | o] % &3t AH u3tE AAst L W
2 =& AN 2358 A 3t o AZER A
02 R3E 3 Qleh(Park 2013). FAO (2012)= E3H9] A
W2 0] 1990~2010¢ S<F 8,200,000 hadll A} 5,660,000 ha&
OF 31% Atk FA5qitt. o2t A oSt A=,
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FoBE P, YL Bk Aol AFaA o
%40k & 4ol

REDD+ (Reducing Emissions from Deforestation and
Forest Degradation: AFH%-§ 9 A 293}t WA & &
TS HlE AE)e ML= A=A 9] A
HAE 9 st PA S T AHEaTLE gode =
A&7 A M o]tk (Han and Youn 2009). REDD+ Aol 1o
Zad FAHA PHEL
on Climate Change)®] $-5A13J%]% (GPG; Good Practice
Guide)oll & A 2|5 o] ITHIPCC, 2006). ©1 5 ¥HES & Koo
and Youn (2010) 52 53* %2 REDD+ Atd g4 FA
A T FTe 5o Ak sk WRIARR] o 253

U=

2. A8 B2 5o A34 BAZ 2esk ek uekA 4
=

IPCC (Intergovernmental Panel
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7] §13t BEdiQl A=A A A 9A
F2AZY E7Hs st Algbd o] EAgtha st

A, FFAE s 9] THUH R E (Green Detente) 2t &
3 AFG B 2] 8ot (Park ef al. 2013), B3 AFFEZ 29
< A%t AMd L (Governance) 75 B et 5ol e
U, UN7| SRS dAYES &85t 247tau&Ed
< SHst= A= nnlsith 53 A Y )R] wkef gl
22477 W3 (Cui er al. 2014) Tl T A= Ao,
olggt A+ ZI+E REDD+ A9 A& & oz
Ao R AAE dAe e Aot BF K32 ofF
7HA] 7)1 S H st koA 2518H= REDD+ =7} A 44
I A EUYE ) (Monitoring) Al 28E FHISHA] 23}
Atk (Bea 2013). wekA], H3toA| REDD+ AHYS 374
Aske Aoe A 91, BAAR FEE Ysto] A+
4 FYE Foto] AHAIYGRE DAF oz AFsfol &
a7} Qlth(Seok et al. 2014).

2 AFolAe 53 FEZNA 10,000 haE AR S
S Landsat 9149374 71Nk AAE EA O E ®stel 19
o2 Age A A G HekE 2451, REDD+9] 7|&A4
(Reference Level) Aol ofgh A gba ZHARR|gF (A7}
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20 FEHE
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L @737

ATHHA R B3t FAE S G4 SR} Folstn
AFE G} W AlskA Lofut AEZ 199 10000

has AEEITE 224 HA= §74 126°10'~126°17", &
9 38°18'~38°23'f HAISHAL glom, AFHFA Y A
w7122 9.2°C, 1¥ BH7|e2 —7.8°C, 8Y Hd7|22
24°Col™, AR A7 1,064 mmo|tt.

2.8

2 dFolM= ARANY 7 gE7E 8 BRolEE,
7ke] FAF FYHETE= USGS (United States Geological
Survey)oll Al A|lF38FaLql= MODIS g4 7|8 EX &=
(Landcove)S 4o AHg3H Ao] golsich. siAe,
479 W0l e B o] EXTRE WSEAL A
Faie o eAHol ZART ety FAKeR e A}
S5 =7 30mel Landsat 94 94-& AHESHSTH
Landsat 7]= NASA (National Aeronautics and Space
Administration)?} USGSOl|A] 19720 A&t 2189
AAYEE 5 shHE, 400] Wzt 29| g3} #to] gt
AFE TPselA o Bl

H A3l EX & H3} B AL Landsat 5 TMI} Land-
sat 7 ETM+ 974 AH&sto] o|fAlth EX & 2/&
FEEFHYL FASERY 28" EA4EFH (Hybrid
supervised) 2 ARSI TH(Jeon et al. 2003). $4 FH=EE
FE Aldste] ZF Y2 (Class)d 2¥EY EAS hob
a1, o]of| 7|§kste] 7} ERX| S FEdho], 7 BT
XS L% (Maximum Likelihood, ML)7| ol 2]3f
F ALE ARSI & ATl A= AH (Forest), 57 A
(Cropland), 4~ (Water), Al7}8F A2 XY (Urban)2] 47}4]
2 EXIE &7 52 A5G0 A2 Jgedd &
Qe THT 449 NBEG YR £ A, 54
L3 2o ST A5AE ZHHY. olo], A
% A28 olgd Ws WEAA Maring 343 EX7
= H3E wotshgint.
A o] AR aAGT FHS A, A9 5
4 £33 gas A7 st shARt, oA
| = AHES 9= (Maximum Likelihood Method)
o|-gsto] E7oHA ¥ WS IFrdHL EH+EY
HEZo| fAlSt], BF 2 AGAHS £Y & W
gzolth. wEhA, A 9] A5G A-FE AA
= (Normalized Difference Vegetation Index, NDVD)E ©]-&
sto] 275 FPskch(Fig. 1).
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NDVI USGS Image
1989 NDVI Extraction of Broadleaf
1 N Val
Summer, Winter G};Ja(;ghe DN Value Summer NDVI — Winter NDVI
= )| (Set Standard | |E==) 1
Image Signature for

2013 NDVI = = .

Summer, Winter Comparison Classification) Broadleaf Forest Area

Fig. 1. Extraction of broadleaf forest by NDVI index.
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Z z7lks Aow Ueyth 22U, 201399 YEEH
FAAQ EAXER AAE Ao] §OoBZ Nam ef al.
(2015)°] S-UHE o= M BFEF S A-835H%
th. o] AFo|ME 53 FTHAYAYRAL ARE B £
uet 8 £F9 AZdS E45t AEFS Agst

1> olN

Fon, =2} F (Algebraic difference form) W2 3
&sto] 7+ AR A AHE 7|NreE vl HIEE 3
A o e 2FS NSt webA, & dFolA s
A 53 A SAARE 7R AR £FEH A5
£ #8319 (Nam ez al. 2015), A 17} 2] 25 o] &3}
AT Y T AT AE FA 5

X 44/12 (1)

= A X haS AAHE A 2

7124 (Reference level) & &5 542 AT +
A& 7% AAE 9u]gttt (Korea Forest Service 2013).
REDD+ HAUZEE wi& HAE5Fo] %A SHH=A +
AARe g Ao ojof sh=t, 7|4 REDD+9] o|go g
FEE wEeFE 24st= U 289t & dAtdlA 71&A4
2 BAU (Business As Usual), & oFF AT A|d)stA] &
ot ) (19899)9} H]w3te] REDD+ Ardo] AldE o]
(2013Q) HjE #AFol duh o]FolF=rHE 2587 BEA
W% wahz BAskEct 127, 20144 R E REDD+ Ak
S Asste] Aol o ol FAIEA Grhn st
|eAE At npAgre 2 7EAA7A] FadE A
24 A4S Tl daFAAE FE5L, o) E ol%
3 2044 Q7FR] oF 30 7Fe] AT A A (24
e N ETETS AT

N

A .

Al Al7] B2 BERe A3 £ A9=7 BF 95% ©]
Ao 2 UERGEoH, Kappa value 3 0.8 o]A+9] ZE B
Atk (Table 1). 20059} 2013W 9] < (Water)Z A|7}3}
AZA Y (Town)e] 57 A A, Ao AHSEHE ZAE
7b AFdA] drol UehtbA] FeE HFo] old 4= ¢l
QAR 2 At Fa BRI A (Forest) T 574 A
(Cropland) = 7} 2@ (Class)o|7] W&o &4 Ailof A
& FFS v|A| A Gk Bkt

4 A3 U™ Fasks FAIE Vet 19899
o= thAF=| 9] A= 2] 0] 7,035 hao] 3L, 2005 ol = 1989

74
ot ArlH A o] 4293 ha® ¢F 209 ha Z4AH ASE et
Wk (Fig. 2).

Fig. 2& 2H tiAdA 2 A H 42 19899 oll= A A
B39 71%E AR A2, 2005 o= AHgH o] A o
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of &= Atdo] g A= yehdth 2013499 4H 2
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Table 1. Error matrix of the landcover classification

Class name Reference totals Classified totals Number correct Producers accuracy Users accuracy
Water 1 1 1 100.00% 100.00%
Forest 103 106 102 99.03% 96.23%
1989 Town 9 7 6 66.67% 85.71%
Cropland 7 6 6 85.71% 100.00%
Overall Classification Accuracy =95.83%
Overall Kappa Statistics =0.8223
Water 1 1 1 100.00% 100.00%
Forest 74 76 72 97.30% 94.74%
2005 Town 0 0 0 - -
Cropland 45 43 41 91.11% 95.35%
Overall Classification Accuracy =95.00%
Overall Kappa Statistics =0.8947
Water 0 0 0 - -
Forest 67 66 64 95.52% 96.97%
2013 Town 0 0 0 - -
Cropland 53 54 51 96.23% 94 44%
Overall Classification Accuracy =95.83%
Overall Kappa Statistics =0.9157
N
w ) E
S
Legend
B Forest
["] Crapland
B Water
B Urban
0 2.5 5
Kilometers

Fig. 2. Landcover classification of research area (1989, 2005, 2013).

Table 2. Factors used to estimate forest carbon storage

Category Basic wood density

Biomass expansion factor

Root-shoot ratio Carton fraction

Value 0.66

042 0.5

source: NIFoS (2010)

AR AL QA BRG] NDVIE olgatel, 1l
+97 FASUoR BRANL T4 RS ASY
I AE9AS NDVI &= DN #o 2 A3}, Google
Earth Map< ©]-§3to] 9449 949 £7718S 43
5}31 (DNE-R 7] 2 = 140)5}+9], DN Zro] 1402t 2 NDVIos
I} NDVIxg 9] zto|2 G5 &390t

1 A3 1989E R g 2013W7HA] F2 gL oF 61

Aozt AR et ok 3 AgeE-S &gl
a]s}] AR sH= v Fo| A1 AGRAEE T4 v]3) bf
o2 YA AA tidA G Ao gy
7}xg I AHeEaAAEFS A&7 2 st A%

3 4 gl ARt a1o R g, A Y &g
O 52 A3 & o AN A Aol '@t
i 9A9Eg,e FUHFHERE o|FojA ok 7P
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Tl AR Aeg #8359 th(Table 2).
HEA TN Nam ez al. (2015)0] 7HL3 YFETY
I} AR Q] 20139 HF YEZHL 659m’
t} 2005%11 20139 Ajo|9] &7k o= =7
m’ha”' year ' 2, 1989‘301]/\1 2005 /\]-0]_4
J%ho] 0.50 m”’ ha™' year "ol B|3] Zras A
k. ol= A 9] Hat AP o] FUkge| et *3
3 S E 7] gE AR
1 3HA] Z3H
o, AR} -E—?ME —4 e AFedo] g7 g
of 4 Aol tigt B4 o] Erh= AV A%
AR o] At et AR e (tCOz)e A% A}, 19894
o TYHA (ha)d AFIEAARZFL 144.1 tCO; ha ‘o],
20130 AHg oz Yol 9= %‘%oﬂxi 169.8 tCO, ha™'
7R Z7}e Ao & Ve Th(Table 3). & U 19899 A+
WA (7,035 ha)S 24314, hag AHHASLALFLS 103.6
tCOx0 Etsict. o|of 22 Aol Atdw Azt g, tAd
A o] AA| ArgerA A AT 1989 1,013,540 tCO00 A,

mﬁ

O:: [}
N

THS

Table 3. Estimation of forest carbon storage

2013 0ll= 729,141 tCOL 2.2 ©F 284,399 tCO,7} 4 H A
o= 2499

3%3“@ _]o] ul
2 274 (20159 ~20444)

HUBEAY B2YAF @AY

= i)

19909t Aol FHHARA Hae] A we &
T2 3y o] itk ARG stz Ao FoiEw
A, B3 FuEe oty gy 3hHSs RRYESH S
ZHNFRI, HAF 2 S s 2 AHE B=sHA st
A AHE =2 93} Hojzkth(Park 2013).

AH B3t Bish Yl Thetely] flE et FelEE
Mg EXTE Wz}t fjEYAE 245G TH(Tables 4, 5).
1989WHE| 2013A7HA] SAE EXTE H3}S B3
2 A g2 o] FAXE WA " ASo=E YEryth
A AFIHA-2 1989d A 20059 o]22] 2,533 ha
FAsta, B4 9] WAL 3,506 ha 2718t0], 2 Aol
%

N

off d

A2 WatE AoZ 2A3F T} (Table 4). 20053 o] 4
2013dof o]22] AFS] WA o] 209 ha F4dtL, F7H A<
HA2 346 ha T713t A2 LYERYTH(Table 5). wehAl, &
3] AH gH|3kE WAIEH] flsliAl= diAlelv A -

“'l 0
Category 1989 2005 2013 - s _ .
FFE YAt HYREES G AAHQ B 5 28
Forest area (ha) 7,035 4,502 4,293 o — AL So] Haldol Ald Hxd T ML Hio
Forest volume (m*ha™") 55.9% 64%* 65.9%%* A S vfEdshe S SEAA AW B B 5wt
S S & 7}Lajlok & Ao
F;’rrf; (ngoi;f?)r age 144.1 164.9 169.8 = ZTler & glold
; y ol#fgt Yot F ShbE REDD+ Aol AHE 71&
Total forest carbon 1013540 742592 729,141 ;
storage (tCO2) e ’ ’ A& B8 FF A 2 9 B0l nE AgeaAE 4
source: * UNEP (2003), ** Nam (2015) _/}_%PZ]E(} (%/‘5—_1 7]')\ HH%Z:}Z"T " ;ﬂ‘&—ﬂ 5 /\ 011;]. 7] &
Table 4. Land cover changes in Seoheunggun, Hwanghaebukdo, North Korea (between 1989 and 2005) (Unit: ha)
Year 2005
Classification Forest Cropland Urban Water Total variation
Forest 4,174 2817 41 3 7,035
1989 Cropland 82 1,409 125 2 1,618
Urban 230 632 125 1 988
Water 16 266 33 23 338
Total variation 4,502 5,124 324 29 9,979
Table 5. Land cover changes in Seoheunggun, Hwanghaebukdo, North Korea (between 2005 and 2013) (Unit: ha)
Year 2005
Classification Forest Cropland Urban Water Total variation
Forest 3518 737 38 0 4,293
2013 Cropland 918 4,288 258 6 5470
Urban 57 6 15 0 78
Water 9 93 13 23 138
Total variation 4,502 5,124 324 29 9,979
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Fig. 3. Trend of declining of forest carbon storage and baseline.

A& 7 7]%&A (Historical reference level)@ 54 7]&4
(Projected reference level)9] & 822 U=t} (NIFoS
2010a). & A7olA 71&AES Ba FLFAAT AFGAZ
219 gasrg aejste] ARttt Table 304 F=4€
AEH (1989, 2005, 2013) EBFASS HlEt o 2 AlHEr A3

amms
EFAA A 12 fEsrhFig. 3)
y=—12,576x+ 1,008,681 3)

o7|A, yE AR AGF, xe AR dfFshe Aol
o} 19899 | %iﬂ sto] 18] A==8 Fofstal 2k dr=9
ARE A2 L83

AR e ‘ir}‘ﬂ}d‘% 01%3}01 AR 9] 20154
27 Wi EFEY 20449 A <
A 3), RS TE 4 45 105‘}04 745kt (Fig. 3).

Ci=Ca015 — Ca044 (C))

71 A, Caois 20151 9] 2A7FA B ETF, Coaa 2044
W 247 wjEFolth AT AAFALS o E
sto] 1989 ¥ 2044W7HA] At etz o] Zraditt

3 7pgskar, Abg ekl oA ARt 4bg &34 vho] U,
g4 ASA+E o]83te] 20159 K E ¢F 309 7H] AMgE
A% AR T (2ATIEE A SOl oF 364,704
t1CO 22 BAE I}

[N

=

2 AR Bt
2 Aesta] 2015~2044¢

6]1:1—501]/\1 10,000 hag dhAA]
A7+l REDD+ Aol w2 A+

0

S AR F (AL E AEEHS AR
19894, 2005, 20133 A| A]712] Landsat ¢4 34
43t EX9E HEE AL, 7|E4 T Ak
A AlSe A gas F2AASE o8-8k 30 Aeldf 7
2 ALY FE A5 A9 A |3t
% A& AsfFa, 19899 7,035 haR e 20139 4,293 ha

oz L}E].u-“y A}%E}-/\xpﬂ-a}:o]
2 Yeigt daFAAS &
50}71 HOM E}%*l H P%!Fcb-wd%% o]-g-sto] At
PAAE FE313, 0|5 7| 2015URE 20444 ALo]
o] REDD+ Ao ol&] ZAE R oo ArelelaAek
(FEE LA7A wjE&F)0] F 364,704 tCO, 2. 2 UrERtT).
EXNTE &7 3HoA AARAE 23T 5 gle AR
1 71 Hlo| B & B0l A skA|NE, B3t At S|
315 WAI517] 913 REDD+ AHY €] X—ifwﬂ I =
A= woE

3;

S ied
B3lol A Fust oo AZE AT BRUET Qo
o, o] s 2st7| A3l e} At 2ATA HES B
EZ 3 REDD+ Ardoll thigt 4ol wobxa Qick. & 4

TFollME B3t Bz A 10,000 haS diAA| o dis) ot
71 BRI welE wAsT 47 AR Y 3
3= A4 AlsiA, 19899 7,035 haZ5E 20134 4,293
ha of 39%7} Hashe o2 kgt 2o met 4y
et AT oF 284,399 tCO, HAd Ao & yehygrh 7|
A& AAstT REDD+ Aol 93t Abgeba Zhawx]
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F(EATANETES) S BAT ATt oF 364,7041C07H
wastA g §AE 5 Yk AOE tehgh @32
Sao] BT GART U ha)F AYBAZHF
2 ol§T A BA 43 AF A2 gt AT sl I
o AEE AGH WAL FF FR3folok T WAy B
ShEith 29U & Q7 3 B9o)A REDD+ AFS 9]
S 288 4 9l Aol

Ab A

2 d7e EFF UIHaedRE 7l NEARY (2014
001310008)"9] Al Y22 £ = A5t
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