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st Hoke HolH 7t @R P ol T HdEVE Aol dast
o AR, Az 890 ARARE FHs HEHAGEE BAERE
Aske A AE7Ee ARNY e8I 2o Hasty] wEolth

Ch. 1 Introduction [ Research background and objectives }[ Research ranges }[ Methods }

[ Ecological region }[Forest landscape restoration ][ Restoration goals ]

Ch. 2 Basic Theory
Establishing of direction for ecological restoration of North Korea ]

o

=_ - —_— _:.—-—

Ch. 3 Methodology [ Spatial modeling materials J[ Statistical analysis }{ Expert survey }

Eco-regionalization RSl N e

. Ecological factors of Potential Restoration
Ch. 4 Results Factor evaluation [ Ao Nt B ot }

[ Dissimilarity and Homogeneity of Ecosystem

—

Ecological restoration goals accordance with

troal st [ eco-regions

Ch. 5 Conclusions

Research summary } [ Implications }

Figure 2. Study flow-diagram and research contents
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FA, AW, dFA, AR T BFTH LS ofYA T AFH S

1}
2 AEgE A58 A9 §A3 Adold. st e A
] = 2

A2 A HolA A3A Hols M= HshA Ffste Aol 7|l
H(Bailey et al., 1985). LA AR H S F 714 583 7|53 E5A
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A e Al (ecosystem)zt= 8o} = Tansley(1935)] 2Jsl A|ot=] it A
B 2] S (ecoregion)o] e+ &&= 7hunke] AFH A7 Orie Loucks(1962)
7F A AdustAach 713et AAS Ve R shuntte] AwA A A Y
T7F AACA Aoz A ZEAtHCrowley, 1967; Bailey, 2005 #<1-&).
vl= AEj A =(Bailey 1976, revised 1994), &1u] AYe) X =(Bailey and
Cushwa, 1981, revised 1997), & ﬂ]v‘E:'r(Baﬂey 1989)3} 3l Y (Bailey 1996)<]
AR A =7F e 2 AZAEHATDY, FHAAE, 35, ndd AdAAd= 5
< ik AEAEE AFEstar JtiMcMahon et al., 2001). w]=r2 AJE)
Z9-& 3,00070(Hargrove and Luzmoore, 1998)¢} 5,0007H(Hargrove and
Hoffman, 2005)¢] #3o2 E/FatAth AElA o] Fxk AAlsiA &
+ Hele AHAYE A& 5434 #dd W wolth. A7 %7]
of B o2 Qe AP 7S 0|9 R we} B¢ A
Ao #Ed WHaeEo]l FUHEAT. 2 AEUe XA - FH AA
of o) HeNA=E AZstd WAlolA Hx} AFA - g EA7IHEE
F&sted ARAEE AZsH HA HZde 5 FAEE VA=
AR A =7 A 2= a0 dokFigure 3). A = 2]
2 ARG 2] ALY HIEFE Ao o8 AT ThsEHE A
S wWREta, wrE7}sslalrepeatable), 3 $HA (transferability)o] QT

Hol A o A o]tH(Hargrove et al.,, 2003: Pullar et al., 2004; Williams

et al, 2009. WE7IS APe 54 BY Wee AFS JEHoz =
Ak ahd 3FH PR BE EY WSt 55 AFNE

=
[e]
I aFe AAT] WZel of®| JAATE AETEe] APl o Ao

15) Ecological regionalization in Canada and the United States(Bailey et al, 1985)9} Ecological
Regionalization in Canada(http://ecozones.ca/english/regionalization.html) 4] 2%
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Figure 3. Study transition related to ecological region

Agd AHAY AFE A2 Z7)des AHAYG] g8 g3
Z|FH g A gEAE Fofetet] HFstAnh EJF JFHTFE o]
g3t A e AHT F Jde d 42 ol JA=AE FF8e
ol FEstih Alberta A9 FH71F AFE FAE LA48H A
71%¢} Bl Wt tH(Williams and Masterton, 1983). AJejx]H7te] =pEA
< ANOVA(analysis of variance)® AZFstAth W= 55249 S+E O
Fo g2 QAEAY Fbol FEEH Askdo] AR EteE As AT A
A% Utk AT A 5ol 5371 AT oy HEEAS Fa
Aakgol t2te S Y5 thBailey, 1984). AE| A Hnjtt s49
T o7t A=AE T HolHE TR HFI A= Ao
TFA) AF AEE FAHAE BHE Tl AdE 447 & k B 7
@.l“ﬁs“é 33t A Ueneretette et al., 2002). HEIAY EFo} =2
98%e BHF=E KA 4 fAA A== ¢ =34t

GIS(geographical information system)& o]&% A5 Z7|de @Y

T3 ARG BAE STH= o AFEEH AT Californiadl Al Y AFFI}
Aol FHI} FYEE BE Aolo= xgFRow s 743 BHo)

S tHDavian and Goetz, 1990). IAFH AL HF o

+ ZZHpatch) =719t o #HEo] AU FHAAFE Y AFHAA 4
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2 & EFsgth(Williams et al., 2008). Ao g2 ELEE= 75 &
& AP FFHA AR A8 W (user-selected variables)E 3-7Fah
4% lkm Aol FAlste FAHAEEA & FIYHS AP 32709
HyEes A2 S ZAAAE HolAT sJAHAHY AEAS T4
71= dHolEE dFFUt 7, 159 ex= HHo] u$ E1 J|Z
o9 0E ®Hgs: AAdAVE =v 28y A8l gle uHA A
o] ztolE UEY] 93 AdE F4sEA] @ BF IAYAAT

(Hargrove and Hoffman, 2005, Williams et al., 2008).
ATH#HZ A 53 &4 dHlolHe 5344 AHAY

st= ol &85 3 JTHAX1 _Table 1. dAEAL] &l =58 8%

T 1kme| &8, Y G, AXA B#E HFES o83t

Urthe] AelA e a4 tHCoops et al, 2009). 7] 10071 = o

N AZH FRARNOR 4079 AGe GHAG T o] PEYL F
AFelant 1E3 AdTeld 3 E4EHE 14710 Ndow Rojx @
2o Ay s} MwaT. A BE WAL DA o
Y59 WSrE BEY AHAAL 7Y 2 RAT 2 Y FAAOl
EAH AR o] YATH AHA ATolA AP ARE BAAE

2 AEE F e 2AE FHEsA T Duro, 2007).

Tz dFes T FEAAE EFstAHFarmer et al,
2010), A ¥(srtm), EFFE-A]4=(topographic wetness index), 7}-& ol A
(solar insolation and snow melt), A4F3(fPAR)S Ul ®3}+= RS(remote
sensing)¢} GIS HlolE] A& E ©]&3le 7ttt BCOS HEAE ZEH
skl ChFittererer et al., 2012). o]& A7olA a3 = lkme|] AT
A AsE AHASGE BARSH O TR =3 AR Ao Ao)e}
HolE Fd3E dox EA17F §ltHCoops et al.,, 2008; Coops et al.,
2009; Hyde et al., 2010).

16) British Columbia

- 13 - M =T



At B Ao L3k AGood, 1947 ThAIZ Q1AAITHo] S, 200).
sl EFA= 2709 ofF+(Kitamura, 198471 E&H o =2 wWoj(Figure 4,
left) T4 7o) Z1E0E TREAG RS olaus} Benst F5 of
23 Zeus A% TIAcHFigure 4, midde). ostt) A Lk

ARE ABTAE 2700 572 TEEITHNakai, 1919; 1935), o]
2 54 BHUA AR FS TN BE FoE ANFAHETY,
1977). Bee) 84 A3 @ate] 10544 A8E oz ARG oy
A AEAGer TR Sgtiol $4 AdA), 1978). FFA, 9B,
NEFY FUHH FAEE FHS YRAYTE AHHAHE A,

1998)(Figure 5, left). 1 %= 3777} @ZA R} & &% d=4t A&

2 ﬂl[ﬂ
rlo
=
M
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Lo
o
ot
Y
R
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r]I
of
i
ok
ofl
=
o
30
-
N
>
A
)
Lo

Z FAT 7)1E(FA L, 1967), Koppen ®WHHol o3 dkaro] 7| Z 71
44, 1970), AFH 71§ 245 AET x| dH, 19731, &
Fx ot FPAFE o] L3 FTE(Yim and Kira, 1975)¢] Uth A7)
<, 849 712, 1¥ 72, 9ATE, A56-89) ArE, A=12-29) &
S 5 671 M-S 23000 He 2= 9o JARE VFEFERS =

}ﬁ|

oltt. 712 A AoFe YEE TS 2dEAY TR

17) Aol A58 Mad=A e 24 2.(1967), 8-+-4(1970), ]G (1973)2 H-&¥H1990)N A A&
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55 F A4 AY 713Uz Sttt (A &Rk, 1990). A7 ol A
2 AFol ARt FolAERA S dAE Z-=rHFigure 5, right).

AAg7 Bl o] &Y o7 AHAYS Ago=E TEI AL
218k AAEN(1996)0] ). dehe] 4bH, {9, 7], Fte 2 HE S A

g, i, A, A GAE EA0lR A" st oAl Al

g

Figure 4. Sino-Japanica region(lll, left; Good, 1947) and forest climate zone of North
Korea(middle; Lim, 19710), and forest zone in North Korea (middle).




A 7 B E-A(forest landscape restoration; ©]3} FLR)-S 4ol ths

E Ae HZAdA B3 5o HY Fx7F dAstEA g ol
Ausl FJAcHTable 1. A#AFEdA A5 AxHS F4TBryce and
Clarke, 1996; Whisenant, 1999) ©]3% 2001 d<] 44 &=
A FHF AFA B A TS JEFATIL AR BEAE F
Al7171 9%k = Z A 2 (IUCN, 2005; Maginnis and Jackson, 2007)Z A
sttt WWESF IUCNI®o| o 4b 7 dE-do] 4k WA (Newton et
al., 2012) ©@<¢d A UFE A= Z(reforestation) ®ohe 79
oA FFeteE FE 7F FAAUTE et A FHAT WRI

Mo
rlo
i
:)é
i

rlr
o
o

“Restoring functionality and productive capacity to forests and
landscapes in order to provide food, fuel, and fiber, improve livelihoods,
Store carbon, improve adaptive capacity, conserve biodiversity, prevent

erosion and improve water supply.”

2005 el &= 257 = o]Xo] Frofsk= GPFLR20o] A A = i tk(Newton
et al., 2012). 2011dl&= 209 havt @& AlAS HajEL FH 3 4HE

18) WWE(World Wildlife Fund; http://worldwildlife.org/), IUCN(International Union for Conservation of
Nature; http://www.iucn.org/)

19) WRI(World Resource Institute; http://www.wri.org/)

20) Global Partnership on Forest Landscape Restoration
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Table 1. Definition and conceptual change of FLR

Organizer Definition of FLR

Whisenant, 1999 Insist reforestation process on the landscape level

Expert group for forest ) . . .
bert group A planned process that aims to regain ecological integrity and

restoration; Segovia, ..
& enhance human well-being in deforested or degraded landscape

Spain, 2001

Restoring functionality and productive capacity to forests and
landscapes in order to provide food, fuel, and fiber, improve
livelihoods, store carbon, improve adaptive capacity, conserve
biodiversity, prevent erosion and improve water supply

Organized GP on FLR
with WWF, TUCN and
25 countries, 2005

GPFLR, WRL TUCN Based on more than 2 billion hectares of 'a world of

South Dakota State
University, September,
2011

opportunity’ map, to develop methodology to reduce poverty,
improve food security, reduce climate change, and conserve
biodiversity through the restoration the world’s deforested and
degraded lands.

AHA A BEAL A A SH(andscape ecology)¥} A8 Bl -2 (ecological
restoration)= S &ste] 4AFHEo] #A3F ARE] - AAA AHI = FAES
TetE §83 9 Eo|thSayer et al., 2007). 7i7) AlolE B BT}
T MATE FAT & Jdve BHTFToANA Aeste Ay A S
QAR Lamb et al., 2012). &#H 3 AejA o Sy HAdERE
AAste] RS BAE AFAIZIHMorrison et al., 2005). FLRS &
ox Y 7FA FHoA 7|E AHHEAIAE tE=EcKTable 2). AR, AN

AOlE B A@pFEe] BdEze Rk stk EA, Aol A

o rlr

o



Tk AHl =g HAUSA7]7] 98] AEAES dd dHE HEgrR
o= o] Frete BU5RE A AR, ARFToA 143
o 2= A T 2343 & <
o] Hojof 3t} YA, AHe] FR e A4S . FHof &
4 Ay AEste] AEAA FEe FHE 5 SlojoF IrhFigure 6).

Table 2. Difference between traditional restoration and FLR(modified based on Maginnis et al.,2005)

Traditional restoration FLR
Implement unit ~ Site level Landscape level composed of several site
Planting with Double filtering both improved ecological
Operation forestation and integrity and enhanced human well-being at the
reforestation landscape level
Collaborative process wide range of stakeholder
Process Top down
group
forward-looking approach that aims to
Original state - strengthen the resilience and future options for
forest related goods and service
Methodology - Landscape ecology + Ecological restoration +a
Restoration - Restoration goal-oriented approach at the
goals ecological unit(or landscape level)

I. Ecological Forest
Restoration Principle

Ecological
Integrity

Il. Ecological Economics - > |ll. Communities and Work
Principle Force Principle

Figure 6. Concept of ecological integrity and core restoration principles(Dominick et al., 2003)
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@) AFAT

o] AR ¢A = Ecoregion(Level 1), Sub-region(Level II),
Landscape(Level 1I1), Unit(Level )¢ 4gAoltt. A=S  3,0007)
(Hargrove and Luxmoore, 1998)¢} 5,00071(Hargrove and Hoffman, 2005)

AGog BFste 485 g A Z2 a3 sty dth w54
2bd =] CFLRP= A" - BA - A3 H A&7beAd S3s 532 745
2 e AEEdS AFgATiD, BEY9AxgE GIS A=l EA S
AHE A, FEA AdEd, a3 AEAA FE fF9Y9 55 B4,
z33 AzHo| A3t Qth Chesapeake AHE AR BY ZZAE

(USDA, 2012% AEIA 71% 383 A9 ZAx F4e S%
10d 5 @AY 4ol o o HAHA YEF B - W
AX zABE, FE FRFL QAR =4

=
T%, oFUEE A4 AAABY, AP

[-'0
Kl

3 2}(green infrastructure)

Jo 29, Aokd =

0
of
2

N

Authe =71 729 A 107] 7 B9 ARASEs 7

7 apgstel AAel wdsia Uk A

tr

Q

o

N

(@]

=3

o

t

Q

(@]

=

D

7.

o

=

tr

Q

o

=

=t

Q

o

w

i

R

i

N

q X

:

% 18

2

= H

X

M

I

i ij

S -
4>
N
1o

Y (Canadian model forest)’ & A AMA st ot A
B3l AEAE H3E AR AA vio]l 2 o4 A (bioenergy), g+Th
Z 2 13(Canadian circumboreal program), A <e] ¥3}el LA, A
2 Astet &9, AEA A FA A T, FA o] AHAAA, wS
A TR ATt HEFS FHAY HZode AHAAEL PHE

23 B3 2YS 33 2 tHConnections, 2012).

uich

o), o}z g7}, dolrote] FLRE Al NGO(mon-governmental

21) Collaborative Forest Landscape Restoration Program(http://www.fs.fed.us/restoration/CFLRP/)
22) http://sis.agr.gc.ca/cansis/nsdb/ecostrat/hierarchy.html
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organization)7} F=3%ktt. gtelotwl g 7k= 6719 AEjA G2 A =4 7]
ToF AIAFAVE dEoE A7 ZEAES YA tNewton et al.,
2012). MR E R m A - AAF HH] eSS 2 BAA 7
A7 & vFS A4S 89 § AG A Y A ofE £48 v
Foted FAAGS AT Ao A AH o gk HE-H Y
e Ao wrFste] FHoA g o] Eopt=S &t

obxzg]7} 57 AejA A= FA NGO F=stel s 2 ZFAY4H
< TSt AEAE #Esta JATHIUCN, 2005). Al ozl &
(MarDe] 4}2(Youwarou) AWe 425853 Nigergd Azt &4
e BAstE FFo 45008 S &P AEABEYD A 2d T
°F 18,000-+= 7FA& A GDHAA &Ads}tol] 7] sRTHIUCN, 2005). Ak
Kenya)s A9 2d74AEY Dol Ivte] Addts dA4L
A= AT AFAAGL A qe] EA Jige] ARAdEd MdH
AAGE=Z AAA w M zAfine tunning)S 3FA Tt A oKTanzania)
= oA AMYP2E FIlA EF - EF5oE FHIE 9
250,000hae] AFEA TS AFS H o= BASHTHFOCUS, 2005). of
ZE 7t A AR ARTLY F FRE JPdEA S A EetR oty 2o

m d

= JR il
M

_\

ri

4
o

+ REDD(reduced emissions fro eforestation and forest degradation)
Aol F7skH.

HEY S8 878 FE x33tE Central Truong SonolE th<=9] 1
s AAY BEo] A1 gtk o] Ae] ARE EEE AAE =

e szt ohdel Ropde e AuE g BES ofdl Alokde
BARAH L AALRE BrsAT WEY, UL, g, dEdA
tREe] GopAol @7hEo] ZAl NGO HOJAE FAS] 43
2o Z2ade Pt YuAGRE F4H BHNCTE T3

1 K
1%

23) 670¢] AEjA S WA s Qazaca, Veracruz, Chiapas®} ofZ&lEjLbe] Hiel J Ty Ao
Az Aol Auat AU E} TEHgA e Aol GPFLRAA AZatE AAAY AH A
HAGLE Fze)

2 lo
= ol
o2
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A Ed, =9, Adsd 5 A9 A3 9 FUHE 5Y FRE &
3 QITHIUCN_WWEF, 2002; Focus, 2005; [IUCN_WWF_EARO, 2005).
T2 9.6WMTF kivl W FUid s EWA] B3
e Az Aot Adste] FEAT FH S JPFHAHK et al,
2012). AA F 670 =7iES] AMEEY Z=Tf200] =A] NGO ¢
gste] AZE Al QJTHSFA, 2009; Xi et al., 2012 =j<1&). A3, F=9
AhEE A 1980 =7EdE A oF 14%RWA Zlo] 1990t Fwtol+=
of 17%7HA 71ttt =9 g5 WA Qi AA Aty Aol
AZE oF 139 T ha® =3 AAdEY = s vt JTHFAO, 2005;
Chazdon, 2008; FAO, 2011). =9 A &EHAE & AlA &5 W3
o] =72 o]o]JxXthZhou et al., 2008, Zhang et al. 2010). =& =
< V19 AEAYg o= st Az A Ao wet 13719
AR o g FE3IYTHZhou et al, 2003; Xi et al., 2012). Hejz =
dE Yo & Fo ARA T A e BAAAG S HBEA
o AEAY ©elo BdERd sfeEy HdERRU FEEEs &

A3t H THAX1 Table 2).

(3 AT g9

ANE=] AP ABELLE A NGO7F =34, AAdH =FE
Zgate] AHdEdd AHBFS WSt shden], AFeg, AT
A HEE A7 MdExEed AAEAT. Ndae AAsiA 759
GIS A5 & nigro = Afr A4 & ot 39 AC|Eo|AE T
2 YA Ve BHOE, A - AAA AriEie g

= Aol Ak FRHE B FEste] AHE BUxd

AN

24) NFPP: the National Protection Program. SLCP: the Sloping Land Conservation Program, DCBT: the
Desertification Combating Program around Beijing and Tianjin, SNDP: the Shelterbelt Network Development
Program, WCNR: the Wildlife Conservation and Naturure Reserve protection Program, ITPP: the Industrial
Timberland Plantation Program.

- 21 - A -“:'l:-'l'.é {



-
K3
=)
i)
b3
o2l
i
v
=
iz
Al
rlo
Jo
ofo
e
Q
wn
2L

il

it
=3
ot
o
fu
o
oL
o
)

— Landscape level 1
National single
Developed L) process L GIss - alysis |
Countries Quantitative decision CEnATiC ALY 81
making | | Ecological function | |
and social goal
~{ Landscape level }—
National/ Global
Developing L NGOs process L GIS +NGOs’ N North
Countries Mixed decision Scenario analysis Korea
making | | Ecological formand | |
social goal
~{ Eco-region level }»
Global NGOs’
Underdeveloped L) Process L Global NGOs® ||
Countries Qualitative decision Cost-benefit analysis
making | | Human well-being | |
related goal

Figure 7. Implementation of existing FLR studies.
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25) FLRE A 9ste 724 gk y&& 20033 7t Quebecol A &% the XI World Forestry
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1) Z9IA Bt

ARABRELE TEAH R YA, BETE, AlES FIHA
2 FF3HFigure 8). FXHAL @Al FUAE
ol Ao webs AA P HMaginnis, 2011). ARG 7
leveD> A AEAGF] FAEC whep BEdER
oh Y3 BB O R o] FofXl AolEE A9
st AAZIEol HEEHE AMGFolIth FAME= A
zone)< o2 AJe|Al B0 ALS|ZH B HXE
2+ 3 THOlson et al.,, 2001; Morrison et al., 2005). L&l RS}
GISe] rg= FAA Aol AdaAL Hd Z2A 20 A= A
DA Ak RSe= iAo EX|ol & EXAIE Hsls &dx1 &73d
TE AFTh GIS A57F 7550 A kol F A IFo] 7]
Z2A 7 ZAL vl8-39 B Brown, 2005), tr1E H7) AlvEl e B4
o

2 sl BAEwe] BT AR L BT,

[‘1‘2

8 I
=]

K3

T

oo

—

Ecoregion goals } Gl || G2 ‘Climate adaptation || G3 || G4 || G5

|
i c ¥ W v v
pecies Wetland Riparian
- Agroforestry
Landsc ajf kA als ] Diversity Conservation Restoration i
; ; Riparian Fish
Site regeneration buffer ladder
Water Wildlife
quality Corrider
Erosion
Control
work

Figure 8. Conceptual restoration goals matching with spatial hierarchy

26) AHAY B AZEEY Al AstAA e KA, Akl dolAd F gl B
FA, g€y 5 AETGEE 2AY 4 Z o]F7] 913 7 d el th(Morrison et al., 2005).
27) ARE qAAA S AYPstE ©FE www.earthtoolbox.netll M= goleh 4= it}

_ o3 - "':r“‘E _'k.::l_ -l_-]i .



) FAAELAEA 17

FAAFANGA = HAd AHIAAT AA EA o] - BEA| ] &0
ek 3t FolA AR Ho] Jhedk AY9e 9w gty GPFLRO
Al AFstes AR S FAEAN 3R =(AX]1_Figure 1) 2009 ol
AZ= 3 201039 7841 = A thHMinnemeyer et al.,, 2011). &3¢ (S
#AIE > 45%), MYAR(GHIE > 25%), vHEA@25% < FHIAE D
10%)] 378 W= F&Esta, &) 10% "Rk Q1 & 4ol oy A
U Ex|o]&o] HE&d AHo = IhF3st 3 tHLaestatius et al., 2011D. AH
oA HEH FEA, olAH, nHEA= T I AL ofyARE

o 70O ]
B AAAdo] e Loz %3} HtHTable 3).

Table 3. Forest classification accordance with canopy density(adapted from Laestatius et al., 2011).

Categories Classification Criteria
Closed forest Crown canopy > 45%
Land cover Open forest Canopy cover > 25%
Sparse forest 10% <Canopy cover < 25%
Deforestation Crown cover < 10%
Land use Development pressured area High population density
Restoration area Low population density

Ao £AFigure 9& AE, EXFE, HgFE, 2
AWz, el e, dFEEe FEYE Fo] da(elx=d, 2001
Oliver et al., 2012*%) A& mzlo|3 FA L AE=(Table 4) A - 28|38 &
Aot AE] - AAF 842 FEET A - E 5
HSS, A4 I8 A, AETEA, H2
24E ATHEE, EXAF, E20ZE, EXo|gAe A5SFE, EAVL

]:
Z So] x3F FHrHLamb et al., 2012).

‘
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Landform \ Land cover \ Water availability \ Seasonal change \ Corridor

Figure 9. Variety of landscape attribute

Table 4. Attribute and components of landscape

Landscape component Description
. Topography, Land cover, Water body, Corridor,
Attributes . o .
Phenology, Population and wildlife density etc.
Biophysical Landform, Soil fertility, Propotion of land cover,
. components Biodiversity, Soil erosion, Hydrology
Mosaic factor . . . . .
Social*economic Population density, Land ownership, Road, Value of
components land

A#A Rzl = HAe EXo)g EXFEBOZ T2 EXNAA, AE

BAAY Ze A 5 A9 olfE EstRitters et al., 2009). &

FAFSY, BB EFY 59 2L EAol§ BAo] Amosaic)E
F@HTHAX] Figure 2). %19 vghe] e dehe] ABe 7HgaA
Ty =0). 2 E A7

7t A E Fakoll 71ofskA] Xskal(Belote et
al., 2010; +A14), 2013), 5742 &4k =AI8te] &, 7|TAHSE 5}
Aol AAAY AAYZFES o ol HEE T S AR Hsld 3
% ¢JtHLamb et al, 2012). wetA FH sy F7F YA B
g A#S FHE27] 2ok (Choi, 2007) <o) A2 o W vl ¢HE
< 7R FHE g AL e BAdERE A dokPerry and
Millington, 2008; Wimberly et al., 2013). 2 Z3xo] wg} 29 & Azt
o Wl W& AHHAH WHIE Alug ez HojFErkFigure 10).
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Initial Landscape Pattern

Landscape Simulation

Projected
Landscape Pattern

Evaluation Criteria

Projected
Evaluation Criteria

Scenario
2
v =10

=10

Wildlife
habitat

Scenario 2

wildlife - ----— Timber — — — — — product

Figure 10. The flowchart of alternative future scenario modeling(Wimberly et al., 2013 and modified

by writer)
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T A Hgo] ¥& FFL Tai Po FERE LAY A7)
stof AARAL BEE JME AAAYG FAS AP BAsSAT
Jim, 2012). ¥29 S/ AeiA DL AA A=A BH9 44%E
mEshe] 19564 ul EAMEL 4d) FAAAT ET EA LY
e} e WY Ad

SPB(southern pine beetle)7} &#3}e] 3
A o] AEA 75 S 35St A Avlx
BAEgE HASATHX et al, 2012; US forest

service, 2005). AHENAl 75 e Hdl 2 AL 2ALY HAo] A

of et AAF=F, A 7150l gk olsiF-=, AejA AMnj= A7t
] ko g AAGAE. 2EY Bu) BY9S Ea

2 2%, % 93, 3] A% £AUY W P, A 2
[©)

i

o,
[e]

]

P
T
3

717 BAERE AuUAY AREA 7EA¢ BrEe] A wSA, 3
A AAA, A ket A #HA AT ©FH ELE5ZHLS A
A e <+ BEo] dAcHHallett et al., 2013). e F2 AA, 3
T Bo, OdA AA FE b BAUAAT AAX S Bl =
T AgHe dHTH AWTY FT FHE(Cichness)et FHE

(abundance)= HHst7] ol &4 AdTAZE Ao THY g
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AA 71kels HAT AT FHRE7F SUFeHA @stthBelote et al,
2010). SV E SH53d At E AAT AT it A
Ao obf-dl o] ATk AN ES FUMF dE 274 #F F
= ABF] 2IHEVF frddte A6 BlE) Ao FHE ZeR AFH
ol
,1_;11_

o

QTHS A4, 2013). oleh §ALg A7 Aol Z7k2 <ls) Y=Y
QulgEE HEes 2o da) R4 weo] Zr1each A
o] weltkelo] Wakatel(Choi, 2007) FoE AEA BAeA HAZS 7}

Aol Ros(y=0) vgy 7Hxd 9d-He F= B5Id51EE HAASHA
= A9 tHBeechie et al., 2008). ©7]2& AENA HFAHH S 93 ERo|l= A
AZe A dA=

A A5 - AAH 2L Brols FWE A 29

Damaged Restoration Goals Evaluation and Site Preparation
Ecosystems and Objectives Planning P
. Monitoring Management .
Desired Ecosystem Evaluation Activities Regeneration
| )
Figure 11. A conceptual model of ecological restoration process. The setting of restoration goals

and objectives is essential in that, there can not be evaluated of restoration success without goals
and objectives(Xi et al., 2012)

2 +z275 23

AeiAlgt = &7 A5 =992 70d & A=) 5433 (society of
ecological restoration; SER)elA&= AEA AHAE ELT AJMAE E
3ttt o] =9l “AEEdoldt FHH JEH A 3&E
= AYst= AA” ozt BTt “AEHA 57 & AEHA ¥

28) ‘The use and abuse of vegetational concepts and terms'(Tansley, 1935)8H= =Hol| A " A “gl= §o
2 A% AHS3h9thHallett et al, 2013 A1 S)
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g, 7%, ¢4 o o= B3] SATHSER, 2004). HeiEd Zxe
A Edo] o5 g2 24 HA=A AFH 7HAE Briste 7ol
= AtHChoi, 2007; Temperton, 2007; Hallett et al., 2013). o]%& AE}A
Aul 2o gk #AAo] FUFEAA e WA EdERE AA=E
5 Sth. AoRELL To] dULHE HEoMe EFEROE Aol

AEEteE A71H A - AAH BEXE FTEoHOrsi and  Genelett,
2010; Orsi etl al., 2010). AeIEH O3 U 71 SHNA EEE A
o AR, AHEAS HATE okt wje) A &S AEA T
AT Aot 24, TS ASFE F (7] Il B8 v
2ol Hastth AA, BHe N Folu LA WHF AT
Fd AeA 7159 AFardel 231& FHokdoh JA, A - 73
Aoz wolsd F e FFANAM 7IXE 1Wlsh= F}8Hvalue-laden
science)°] tH(Choi, 2007). o]Z€A] 259 AHELLS A3, A, &3,
A 2208 EgshH(Temperton, 2007) ZZ7|HF AehELL e
TFz9 7% <A A =83 =771 5 tkHallet et al., 2013)29.
e A 7153 T2l FHY A AV dves AL FH T
AejAl e Bdgo] 23y #Ho]l Uve AL 9w 3htk(Bradshaw, 1984;
Hobbs and Norton, 1996; Jordi Cortina et al., 2006). &, A=z} J&F
o] W& Wxsts A 7se o31F AHY EZAEE Y= A
A FxoF AAdAA TR0, A FEjelA THTAH AHA 750l
AHBEo] A= FAE AT Hooper et al., 2005 Cortina et al.,
2006) A ETFIA S A4 H(-)e] #A7F dthBakker and Berendse,
1999). wix7RAI = Hol& Aztel] wel X Ao g JAPHAT A4 F
E4 nee A 2d BdYe At g BdERe F2V)F
o] E(framework) &ollA FH S AefA 7} 3| &Fo] olhH= RPor =
< A A 7 FE7F SUteke AHE oldEe AEe A

ok
rok

)

ox A
® o
1
=
s

S
o

29) http://www.ser.org/home
30) *+%-71% AA X9 (Linear Structure vs. Function model; LSF)
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Hols 2oz Yebd 4 SJthFigure 12).
Ecosystem
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Figure 12. Linear Structure-function model(adapted from Bradshaw, 1984)
H 5 [e) ST
2. B3 YR BE
e R BEE BAWGAI} vehe] Uk o AAH =

o] HEE st Zlojw 10 o] 21 Azte] AFTED, 2012 3o
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73 & (scenic spots)S AAst #AololHd S5 AE S AEES

31) Ecological Restoration guidelines for British Columbia, Ministry of Water, Land and Air Protection, BC.
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FAL 7 e AAS APt Jdn AAAES A - FAF el
B3l AAS Ag3cta AT, FEEE AR e S4B 59}

2 Agsdes AYHoz =USHATHICRAF,
2013; Xu et al,, 2012)%). &A1 HH H= P4k o]Qo] 4Aga HA T A
73 Al " (economic forests) &4 A E3HATEA. 3
5, A 4A, BG4 ds

O

r{r

gk A5 =9]= AR/CDM¥ REDD #g&o] & o]&t}.
APATFAA AP BELS APt 7129 AHAY 52 73
e SUEEc HBobo] ¥HaEg AHEEYd Bxe dAEa Ao o
22 1991d0] HE =AH A&7t AdEd 2
o2 A MAo) &= JTHCMFEN, 2013; Canadian model forest
network). A uich e, ALE] - AA)Z zHdo] 27| wEol A&7}
5% A #E(sustainable forest management, SFM)e] 2% X o
w2l thefsiths AS AAZ SohHall, 1997). A G Aefd 2d& 7}
& geopstes A 9ulel Al HoE M S . LA A
of HAsld RAHS SEsIY AHUste WHS Agsta Utk A

-

32) MLEPY] ZaHgt)AFeled 74 (Central Forestry Design Institute) 44 @937} 2x3h

33) MLEP &< {J‘*o—/r— =& 3}etol7hdn] (DPRK State Academy of Science) A#HAA AT 4 2% H4d &

§} gl ghdn| J‘i & Ad W Fol A4z wd Hee AdAdstd Adwe udHdgds At
£ A W4 Fr7Hte s sefstal dvka wRd

A 71e FHd st A sl
34) MLEP 2% %%}7} i)
P) o APA AT L S| L

36) http://world.kbs.co.kr/korean/news/news(2009% 109 23 #})
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o2l Lower St. Lawrence®] ZEH L HX|5E Bt WolE AlH A
b, AR BR gagdold &5ES S AHY AAA 7HHE Astet
= 9 F¥3sx th. Monitoba RRHE H3zol Folakgld o E3=
2he Aol ATE &5 ol &ste dAdolold EEATY AEA Fol
TF5t7] W] o TED AT A3 - £314 TS H 835t Q)
ot AAl9 88%7F A= Aol 4AkHo g FHYARI McGregor Rl 2
ol Hol, &3 AP, AHFH AW, BEY FAAA, AEH A
g9l ds 5 AHF AA-S wssta Ag - BAE A E A=t A
3z oAEAA L Fn HITole RdYPy APAAEY PHES HIY
st A< shal 2 thHConnections, 2012)

A B AEYD A APAS, B AHFHA HAI o]l
T3 AACHEFY, Au#F, A, A9, gAY 53 AEEY
AFCIF¥st 2d3D), Aunte] RdPdW e #E, 84", AEohEA,
eSS TR 6719 tiehd BdExE AA s tHTable 5).

Table 5. Alterative 6 restoration goals used for expert survey

Restoration Model Forest Explanation

Eco-tourism Planning and design for utilization of eco-tourism resources
Timber product Restoration for fiber and timber production in use
Agro-forestry Designed environment product and food security in livelihood
Conservation Endangered species, genetic protection, and native species
Biodiversity Planning and design for integrity of habitats and corridor
Climate change model For improving securing economics and climate adaptation

3. &3 A EAEA

) AL A A4

37) Aol AER | FRsEde e
«lUlo}Dﬂ 7NFAE =90 Folde o
st Y oyt ofd W3l 29

AFelA =g AAN FuE A% /TG WS A§2d
ol ol A 29 AAA R /3HE Fdod AYzAL 237
2wl oj7ie] oz Wit

] © 11 =
_ _ A —==—TH ¢
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Table 6. Change detection including unchanged potential restoration area

Remark

Present
Forested
Sparse forest

Past

Category

Unchanged

Crgppmg land Changed
Built_up area

Forested

Forest

the others
Sparse forest

Sparse forest

Agriculture
Built_up area

Agriculture
Built_up area

Unchanged

Nonforest

Waterbody

Waterbody

2) &~
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535ho] A8 A BEdAG #g AF= FAPG| o Ed
Aol AAEES gHRst RAEY #AS FEIdTde As AR
UNFCCC 7]%W3} AR/CDM(clean
development mechanism)S =3 EA(e]F= 2, 2007; 5&7]—%94 £

%+, 2007)¥ REDDE & e
AR/CDM3} REDD A&
s Sk A
L AEAG e g tFET. =4, o= Qla =HolA

7HA] 208 52 0o =
F7F A8, AR, ¥ged -G HA FAE ARSEAT A
23l A3 E R F=AHFAO, 2010; FAO 201D ‘o] i+’
17 el 1995 oA 20003t Zo A3 AzE AE 3ty w)
AR5 REE 53 Aiolth o] Bl 2013 H=x
AhE AL oF 47,000kio] THY. A, Hdo] A3 HHE Hristr] 9

A= Hx& AFH BAdAFo] Hojof KX et al, 2008).
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Table 7. Existing studies suggested forest restoration methodology in North Korea

Source Objectives Project Limitation

- Not idered ecological fact
Han and To estimate A/RCDM project oL considered ecological tactors

2 - Analyti ki
Yeun, 2007 on deforested area 0 years nalytic area makes no

sense(using IBRD)

Cho et al,  To verify the economic Ovears Regard as one landscape level

2011 validity of the REDD project v - Significant level of statistics
Estimation of A/R CDM and - Regard as one landscape level

Oh, 2012 REDD as a forestry 30years - Not considered yearly mean forest
mechanism in North Korea biomass

3R) AmAo} -2 A EAFEIA] 20| A A g Aol A= 2001 ATt
39) http://search.worldbank.org/data
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A3% Rz} ahy

M1 ATz

AR EY] AEF o a3 29e FET FAHOE FHHE

222 AHAEE 154 AHAS A5 APH 7]FHS o] 9of 4
HEH 2o W7t d¥ oo h(Farmer et al, 2010; Fitterer
et al.,, 2012; Andrew et al., 2013). HI 259} HALE, ke B
A g Aziek 9719 zole AAY AFH deo] dFS HH
o & Ao AGstH EYTEIgTES FTH Hsko] Holsta
FrE7F &3ete o] 85t AAEdAdE JFS mxith 20129 9
& FLR =AAmG] oA 53 4o 7P X4 &8 4% A%
Elol Al &9 vre wol gy AEE T3 I IFE vAE ES
SR v gu AFsPrHo. FAF o FAFY o Fad st
o] AAAY #AE HEI} Hardiman wsE  BHIo] BEoke AA Fo)
7ol S Eo] f{r]do] HoldA S e’ il JlEstitHl. s
AEEHA B =49 23E EYGEAC JAFTE AL 44 A
stHAl CBEe EQF FH EA+ HuieA FE o & = 3
=5 ﬁ.ﬂ(gypsum)b‘r 213 X (calcuim carbonate)e HHA FIFAF|L A
OFolAE Mgzl o] ALZ 3N E S B3k Wolth <3
E3l= d 10~15de Adt 1 At vs wEds ot
Palmer <=+ SCIENCE FA 2t B FolA &Y FRE0] dH3 9

JEEE Y A AEA]]S st Ao i F49< 7|8kt

ol Sgsta e Add o FAE BASD fo 2 F7140)

0) Sael 53 olte] AP ATE 2% g A mgt
41) SCIENCE, 2012. 335: 1425-1426(www.sciencemag.com)
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714, 7H8oA, A3

o] 7]dst}(Fitterer et al., 2012). AP 259 & d&4 Iga 4
B9 FA AAHZAH 98L& HDuro et al, 2007). Axo] wWE Fo
A4 3talSarr et al., 2005), &Xte|olEl7} HgEO AAEH= uf

] ®tHTrabucco, 2010). ¥M<=7} A& 37}x|el mdHTE= 7| Ext
o AgE A 5 Faxo gk o] ©] Egkti(Tatuhara and
Antatsu, 2010). X3 3HNA Fa3 SHRT ¥ FEZA AFAA
A 47F YERgtDorman et al., 2013). &3 FEHAE E& AlHe

oft
o

v

o7t Atk Ax% BAAME 1= WE EF Ho|rt AAL o
43 AAELNA AF2<(Zhou et al, 2008)°] AT} AT EFFE
e TR 27 Z2ol FasktHChen et al, 2010). A +F
< ES URY EYSH FAJL oW Aol A Yol o & A2t
=2 #FEr] AsiAeE BESrI” g Warh e siriLoveland

and Merchant, 2004; Hagrove and Hoffman, 2005; Bailey, 2005).

APABe] AHA BUo] WG A

ZHOo® $7 Whel depvHE Rolshs Zo| Wasith Leu B@
o AglE AT BAo] FAsE F8% GS A8 TF %o} §
wol et AR Ao FAE Bk 21Pn B AFE AFAA A

Zlo] Btdaitt. A e SR 783 A

FAR ] o)Edl FEE I THAX2_Figure 1).

D A ¥
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A GA5 = CGIAR-CISolA FE A|&st= 90m srtm DEM version
4.1& U wrol 7hFstdTh 2003 NASA®F USGS7F &71% 3 arc
second0m) srtm-& ¥l A(void)e] %] wj&o AFE3HY] M= LY
o] APRAHS dof Ut} 2005 8¥ol FHLS FHAIZl srtm DEMLS
T A5 3 AF=EAalversion 2), 20061 d0l= W o R Holde=

ZA4S FHAA FAMsAT. CGIAR-CISol Al A &3t= srtm DE
M422  version 42 2008d 9€ol F/NEACE versiond= AMEZE
VEM(void fill methodology)& 1 8]&¥ H = DEME ©]&3ste FE& Al
FA &A1 A A Mouratidis et al., 2010), 5% x 5% A= ElY=E F
5 AT hte AAE AWstr] Y8 5 degree by 5 degree=
AFst= 7719 EFd(tie)S W wAth B S EAo] A(mosaic) & ¥
#ZEAAE GCS WGS84= w31 dhits AA TR npxay] &tk 1
el 0’ ¢ AYs S¢HF sk sHAY, sk sFE o9
2 HopA Y, stdskT FollA 07 ks Bk v, WEad, A
A Bk 5 Sx] o] BEAHAA nullgts HolA gtk A A

30 arc second(0.008333 degree, ©lst lkm= A3hHel 3o FIH3)
90mE 1kmZ nearest neighbor ¥ o2 A ZH AT 1km 37
w9 DEMS 37 WSS9 nleto] FHch 90m A =2 srtme A E)

Ao BF 5 e 246 A

2

mo OlN

Az Lo

Al
E

rl

HPHQEFPH
lo o

3

2 71’37 =

WorldClimel| A Al &-sh= &3+l = 1km(30 arc second)] €H 3
o 7123 A F57F versionl4GHA NA)E HH wol HEE A
3tk WorldClim A&+ CGIAR-CISel 4] A &&= 90m srtm DEMS H}
gog FIE4E lkm=E gAME I+ Zo|thHijmans et al, 2005).

42) Direct FTP link to the SRTM v4 data: ftp://srtm.csi.cgiar.org/SRTM_v41l/
43) http://www.cgiar-csi.org/
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ANUSPLIN =2 340 ALg3te] 19501 d oA 20009744 71733= A

£E& 1km(@30 arc-second) FZt3l%=<e] DEMel thin plate smoothing

spline WAste] AAsITh o Wl SH¥Mre 4 - AES =7 AR

Ak dolE el F&o] 7P F& GHCONDA AlFd HolHE 7]&

o2 Agstal HolE L HE53F A9 FHT 1981-20101d TlolEE o]

ot 23 e HIE AT oY HolHE ALt A AlA 47,554
A

A4 AR o] e, 24,542 Ao Hdr]2 28a 14,835 #S49
2= HAAH H2XNE AHEIAT FE ASAH L G378 ol
5eh& 277 &) tHAX2_ Table 1)

Q) ESTE I

WorldClim3} CGIAR-CSI®] PET4)9} 7]3 dlolEE o]&3ly +3=
Y EYGTE ARE g ol A5H AU, ALSEH HAL@, 4 H
%%, WHEA S (coefficient of variance; COV) HFE A &8t A 3
719} &3F A 2=8"& WorldClime] 1km(30 arc-second) &j4t=o] 2r3of
GlSzulo 2 AFdnt ARt A A4E 231 vold 58 97
af (D¢ DEMe g2 gHZd sttt EYTEdid 29 71§, 4
B¢k £A4E o]&ste FHE EEAEE wrEo]HoHTrombetti et al.,
2008). WorldClime] 195013~2000 3 7FA ¥ H+ 7= (precipitation;
Prec)®} Y3t #A) &4 HH(potential evapotranspiration; PET), d& St
~Fa¥(actual evapotranspiration; AET)S] €zF &3, fFE(runoff; R), 2=
ES4E gi3Hsoil water contents; SWC)o] ARE-E AT Bk
ZF(SWC; soil water contents)2 22| F4l Aol FQEH
N ZFHEWC ey 350mmE 10002 vAs)ar, 2JA)e] Be] Zlo]
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g F e EYY A7s FAS golth. ZE9] AS(crop coefficient)
= 1, 4% 29A<=(rain interception coefficient)= 0.15, <A FHoj

SWCE 350mm=z 1Aste] 283Utk SWCE EokollA Sdato] 7he
st F e HAdl, swe,,. ' BA Xtk swe,..E vv €38 Y
= FER,)E AFED. 2dE 54U 5% wE A3 27] SWCE
2Hgek g tidsts t(Trabucco, 2010). =38
201091 fJ=€"d SWC wWIZFe &9 8¢ FF9 FF(balance
budget)& 53t b3 22 2o 93] AZEJATHEQ. D.

Ll

(Trabucco and Zomer,

ASWC, = EPrec, — AET, —R,,, mm/month ............c...ccocou..... (Eq. D

m m m?

ASWC,, ESTE S W, EPrec

SN, R, Rty Axdo)FE4d ol

_4

g Z(Volkoff et al., 2012)2 2]Ao] ¥ &

F A=A AR, HAe] AE7] AFEE fxA
(Wﬂtmg pomt)-‘ﬂ EdTiE &% d-8xA AR, 283 A4 24
A 2AR ARE AIRORE e dagFoA APEHAT. A4
o] S ZEA2E A3 MEEGFTFEY HNFOWC S 240
Fsd Ao AR EGFFETHF(field contents) Al Aol AE7]
ANZsE Yz (wilting point)e] ESFE SHFHS wla #glzlo)

(rooting depth, RD)E 3% #t¥ ZTHEq. 2).

U

Ll

SWC, 4 = RD* (SWCj, = SWC,)vovvvieiieiieeeieiiieiisieesnieiens (Eq. 2)

©

flo
fm
0%
5
St
%
Jo
ol
o
52
flo
N
o)
o

webA SWC7F 1009 717h8 A A



A Fo| o] Huth WEFe] ATk AL I A EFFE 2E
d2 A%7 AtE AL R@T. COVAF 08 &) 77k Aao

(4) IAF
27 = &5 YA o= st (Kumar et al., 1997), AR &
A gol Lxayto YIS Frh AT FHE HEE A E0 o)
S A Ydskok(Franklin, 1995). IAES AUyR Y 34 AHS

o =sh= Al ERE T AR EATtHCoops et al., 2006, Wuler et al.,
2006b). wEkA Aol Extk HIkol 4yl HEE dSstAY 2Hst
+ EdoA dARE T8I WHeolth A HAH T OIAES
ArcGIS 10.1¢] Spatial Analysis®] Area Solar Radiation algorithm-
Hemispherical Viewshed Algorithmel] 7]%3le] A4+r=E A chRich et al.,
1994; Fu and Rich, 2000; Fu and Rich, 2002).

—

ARAL A H Global,,,) & AEL AN Dir,,, )t AL AKDif, )E T4
ek AF o R, &9 At watt hourse] ©9lE EAJETHEQ. 3). 74
GUAES A DEMolA A= 1° W9 oM
A= A7) wwoll, IHETE AAHUYE FH 3B3=A 43=7}
of FHEake =St A W 59,2 SHA6E 23Y)
£ AFete] 3 HE159)S YA HANWAZEqQ D, A HE

& EAE AFse] & G YAF HAX 0| THEQ. 5).
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Solar Radiation,,, = Dir,,, + Dif,,; «eeeveereiniiiiiiiiieiiieie e (Eq. 3

S8,

mean

=meanX Dir(33+ .....+43) + meanXDif (33 +.....+43).....(Eq. 4)

SW,

mean

=meanXDir(33+ .....+43) + meanXDif (33 +.....+43).....(Eq. 5)

Al Eo] Fdhe AU A Y H &2 AE Aol BHEEY] "o
fPAR(fraction of photosynthetically active radiation)< H}o] 2 uj>~ A4k

2ol Fad gHWSolth 377 T8 GFL A AASNA 2

g+ fPARMCDI15A2)= A ZAA O] FEZFFZEAL S48 A5 A
AN 4 AtHZhao et al, 2005 74l ¢, 2005). Z#u gHRk= GPP
Ao dgEE fPAR Ase FEEHAE AZRS A9, GPPl mA+=
FEFL 71AEY a7l = dRlolal fPAR eate RAMAR] o=

=

U AT IY 9, 2007). fPAR XA LdugEe ~HEZ" W
400-700nm A}e] <] BRDF(bidirectional reflectance distribution function)&
o] &3l Bz =(sun angle), Hl 7 HEAKbackground reflectance), Alokz:
T(view angle)® ZFZFecH(Tian et al, 2002). 18 2] &Eo] FFdls
PARS| HI &S ARt T3 F 7HA 84v 259 AFdolth
fPAR FHXx W= 0%o1A4 100%7FA . 02 YAy A7 (snow
cover landscape)= 12 HWE7F &2 A9 ES 9ugHCoops et al.,
2008). & dATtol AR AEY Y Wee MCDISA2E B+
MODIS Terra 8-day fPAR A}EollA AAZH AT MCD15¢ fPAR/LAI =t
8 composite A5 2 THZ|EA, 7|stRAY, WARAY T A4 HA
AAE TP T AAESNA A FATHNASA; Reverb/ECHO). Wi
Fo fPARE versions®, EYWHEFE o] &ate] U 3lAi(pixel) FF2
A(quality controDZF8 % AIE HAFe vzl & AFdo. Wy @

}- MRT(MODIS reproduction tooDoll A &2} sinusoidal 18] =&

rr

e o

of o

o>"
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GCS WGS84= # 3% wWaslgth 2ol 3 83 FAHS ENVIY E#E
o] 1km s %9 IS srtmS 7}A 1 nearest neighbor 713 2 83}
o] resampling 3+$3th. 8day-composite fPAR g2 nullgtst d g 3
oA AAHA Zd T7F AAES s 24day fPAR maximum #& T
&3t 24days maximaE °]&st o F 3/Md HuiA, A= IMd Hx
A, B, 28a HeAFE A2 755300,

2. AAELNEA T
(1) AVHRR

AVHRR(advanced very high resolution radiometer)+= 1981
NOAA(national oceanic and atmospheric administration)oll ¢Js] 7]/3#=
< AT AAE EEHAT. AAH SeH LEEE

N BEANE B4, 759 GH, 29
oo = A AT AA ] gk B
AVHRR, 2004) A|Z3}7] wjZo| F29 g3fo

o}: o
bt ol
v o

rlr
of o
ox

o

F] 3t (NOAA
] s 7VEe
ATk wEkA A EY BEAES o] &t EAIES AR(USGS global
landcover, 200)E WHEAY AFE 79 WHIlE FA

7FAth 37 A= 0.01° (LOkmE AFH 7] wfjEo] vind Fd ~
AY Z& =7trEolv Ao oA AejAe Azt A S SA 5
= o AFg"tH(Fujiwara and Kudoh, 2005; Eidenshink, 2006). 1988 9
4REE NOAA_1l $AelAM 2" AVHRR 94 71Estd Agste
NDVI 9732 GLCF(global land cover facility)?] GIMMS(global inventory
modeling and mapping studies)ol| A ftp AHE 53 GeoTlFF X o =Z
el gt ARAGEE 758 9 A3 DEMoO| 5o 23 A7
4 FAEE GAEY ST AVHRR  NDVI g2
IGBP(international geosphere-bioshpere programme)ollA 2 A|A 2] A

ml

BA

X

2 L [e]
_?———_} T /\}\‘C ZL@"
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3} AFE f8) AYE AoltHTownshend, 1992; Hansen et al.,, 2000).
NOAA-7, 9, 11, 14, 16, 17¢] AVHRR =@ 13} 25 X A(calibration)s}<]
zZb dxwith 247 NDVISAS Ao gy w2 J4e
MVC(maximum value compositing) W o2 FEI FF7]e
235t €9 HEgoz WEsie 127019 I4E W £
AL 2 vp27eAq k. F-2= I1SOData nearest neighbor W o2 3
< ARAA BEAED EHES ol&std A, A4, §A4A, =ASA Y
o7 EFF F A g ARE HF o EsATHAX2 Figure 2).
NOAA-11, 14, 16 AVHRR AAIE <F7< o€ gRt= NDVI &4
(Fujiwara and Kudoh, 2005)o 4 3Hdl=

B Aol AEE AVHRR @l % w23t s 7153kt

(2) MODIS Level 2 type EX3&E=

HZ 9% Level 2type EH3 EXIEZE= 250m =9
MODIS NDVI @7< ol&ste] ®HEolx Aotk (A4l €], 2011D. NASA
oA AFdt= PAte] BE2 Reverb/ECHO Alo]Eo] E3tate] d= )
&3t ATk B AMEd B G4 20100 FAl NASA9
WIST(warehouse inventory search tooD)S %3 W& Hka, MRTE %
&l sinusoidal= A &=+ F4S UTMe = #xE A
A4S mAol Ak Th o] ENVIZ E2]E¢ MVC nearest neighbor
How FEFH F35719 dFS AASAY. 53 AANLE npxHst

IR o =

o] ISOdata 4= &/ ® g 3 F AEAE 54
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0

™™™ Kilometers
l:l NoData - Betula spp.
- Waterbody - Alpine grass
I Urban builtup [ Quercus spp.
- Rural builtup - Pinus Quercus spp.
I:l Suburban agriculture - Betulatbhoreal pine
- Larix spp. - Pinust+Quercus spp.
l:l Single crop - Herbaceous baresoil
D Mixed crop - Boreal pine
- Clear cutting - Evergreen coniferous baresoil
- Shrubby haresoil - Miscellaneous wood
l:l Double crops - Humus paddy
I Barerocks I Alluvial paddy
- Larix_Betula spp. - Dried paddy

- Alpine evergreen shrubby - Pinus spp.

_45_

Figure 13. Level 3 type land cover map of North Korea(Yu et al, 2011 and modified legend)



AaAFoNA hFEEe ARG =48 4 (principle component
analysis)® & &4 (clustering analysis)S %3] =9 % QcHWilliams
and Masterton, 1983; Pan et al., 2000; Jenerette et al., 2002; Hargrove
and Hoffman, 2005; Williams et al., 2008; Coops et al., 2009; Fitterer et
al., 2012; Andrew et al, 2013). o] ¥ 7F& ol AHEH WL FHE
£ 3 MGC(multivariate geographic clustering)e]tt. MGC+= ®IAIZZA k
Hit dagEE AHEITHEq. 6). ZF HlolEl7E fFEEdt AgE
of Tdoll 7H& 7HEA EAte]l HAgSlEE ok 4 Y FY Tt
A 7 dHolE S HFol| o) A& FHF7F Au)x)HtHHastie et
al, 2009). k Ho TS F 7HA ®WFeam)ol A 7FH 2 HEo] o] F
oty olxkd A EH vk HlolE  FXro|tkHargrove and
Hoffman, 2005; Williams et al., 2008; Kumar at al., 2011).

[e)
=N

A, AAES TR 24 # 05 Y2 F23. B4, YmA
AASE F2 A7 7 T A dEEimy, md E- ol
gk AA, 2 2 deld ALE A&t s ARE TY O)F

FaHA A Aok WA, YA @ B AFFE £IY AAA
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A S FEste 22719 W] FAE &4
7le Zdoltt 22719 A&s dHoly &

7y A A EtF T 223 dlolE Fte A vl
ool 2 Ag R YAt 18 oo Ao g3t g4
1 37Me] A FAEECE AAHH R(red), Glgreen), B(blue)
H AEE wrETHHargrove and Hoffman, 2005). RGBell
39 553 Zdegts AEHAY Az om JAq=Tt =2 A MA A

sl 22214
ol A 22709 Z

o

H3lsle e dolEe Wy *é(varlablhty)a FE5Ha, HHUS A3
o] AEA s FE8H, v ZgE 9T W FHEY A
= Al Zete] REgetA ZWste 37HA Y 985 st thHargrove

and Hoffman, 2005; Williams et al., 2008).

2 AFdAE A7, 715 7234 GIS 2l #g A8 4
ToAA AEHeE 5 AHAE kE AYSAT k=5Nakai, 1919;
1935), k=6(71&%k, 1990), k=7(2<, 1977), k=8(c]-+-E 3} <U&FA), 1978;
2002; F9-4, 1989), k=114 Y=, 2004), 183l k=11& AdH3AL. 1

B
Off
ol
=
£
1:1
m[n
E
=
<
OJ
:ﬂ
oQ
e
=
D
Z

@) AeAS a7

WA FAA oful= A a9le] BF o] ofste] AHA
o 4 el Aolsh WASHT AHAY M Al EA T
t Zlolth ANOVAE o@l AuAge] A8 wWie] BE F o=
s OE ANAY wse WEd EAMeR B2t vale <
0.001= A& A3 AP PPolthedda HAF, 2003, 2P



AElAS k= 5,6, 7, 8, 11, 156 2+ &3] Hio] ok stu= A4
o2 zol7F YE=A SPSS version 212] one-way ANOVA, homogeneity
of variance test 3} thHField, 2009). ¢ 3t HFAFS e H
AFozZ Yrola A Levene EA(E statiscs)o] F2olFF 5%
dom ZF AR ge] FAHCRE FAAS YelAtHp-value > 0.05.
a8y A7) 2L SAASE YA FoW(p = 0.000 AHEAES
gR3 s Q20 SEAFS V1AHSIA &= Dunnett T3 WHOoE A}
T o5 vlaste Ho yo A4 2e v HAHp-value >
0.05). Dunnett T3 testE 9% 39A HF3lUJenks, 1997)+= ArcGIS
version 10.1¢] natural break &F/FE ©]&3stAtHTable 8). 7|« o= 3
ol ztol7b YA AR Hol zo|7t vl g 5 e F
s ZobA Jad e FA3 S B3 th(Fitterer et al., 2012).

_>|:
Jo
>
2>

3 A £F B
D AejA o) Al A
WelAY A g el pEAA s e W
o BA4 A9e 5o T SIS FuF 5 Yok T} 242t
WAool AMA et EHPS B BP4S HnF Bast

*é—% EHEK Aol Zpol7t A=A et tHAustin et
al.,, 2008; DeLong et al., 2010; Fitterer et al., 2012). 2]A 2] &I A2 A
AR oRE A, 1%, ¥ VS, EY 5 AEF a3 #Hol
O dE A7 W&o tHAX2_Figured). @3 A A=A A
ANE v o R B3I HHA9E B§Id AowE FAsA

M ¥

2) A dTete] nlul
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T8 AHAEE = A7 AT e SH A st
A JEHL = AEAYT(EFY, 19989 ke 7] F (&R
1990) K

Table 8. Categories used to be 3 ranked with the average ecoregion value

. Categories
Variables Low Medium High
alt 0-438 438-1050 1050-2589
Annual mean temp. -62-44 44-95 95-160
Temp. seasonality 6984-9542 9542-10860 10860-13443
Max temp. of warmest month 145-235 235-273 273-311
Min temp. of coldest month =302 T 175 175 7 -9 -98-28
Temp. annual range 266-369 369-419 419-516
Mean temp. of w. quarter 83-172 172-213 213-255
Mean temp. of c. quarter -224 ~ -101 -101 ~ -32 -32-72
Annual precipitation 546-957 957-1245 1245-2137
Precip. of w. month 128-243 243-331 331-462
Precip. of driest month 4-19 19-30 30-86
Precip. seasonality 23-T75 75-91 91-112
Precip. of w. quarter 313-569 569-742 742-1034
Precip. of d. quater 14-64 64-101 101-278
Soil water contents_max 64-84 84-94 94-100
swc_min 47-71 71-83 83-100
SWc_mean 58-83 83-92 92-100
SWc_cov 0-5 59 9-15
- 49 - A
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GAA HAFWEA Wald 54 F(stepwise forward)S AHE-3}3 T

= =2
g ue mE Wi sl wald BARE 2ASIe fofzol 18 2
_/'\_

W F 712 FA30.D)S 2358 8o AN E Byo|tt

2 ATolAE 2P AFAholy dF4e By Boke 19894
oA 2008\ Atelell 4tgle] WstE A Aol IS A= A a9lE
gHAetE AL F FHor o weA AHFH A A B
HolFEs ARE o83 o|FEA2E vF3F Aides FA HHFHA
o] Aed FEals A5t 4R REA Had H9H YA
2%l AdYste o H st tHDubovky et al., 2013)

Table 9. Dependant variables used to binary logistic analysis.

Category Variables Explain
Forest 0 unchanged
1 Degraded
0 unchanged
Damaged 1 to sparse forest
forest 0 unchanged
1

to shifting cultivation

(3) WEIA G Exu By o2

SPOTS5xs 8= &&% BAZ F2d 93 AHAI= HAS5E v
Level 2 typeo] EXIEZ(FAA £, 201DE o] &3t AHAGE §-
A ES gotataint. AeA9E 422 Level 2 types MEFT
Level 3type EX 3] & o
A P T A e FTEH 2¥H AZFITES FEFSA
(AX3_Table 6). HgtellA Lagt AL z=A A5E 73
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}ct. Alnus

71e} Ga89548-L Miscellaneous woods =

3ttt Level 2
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13 cHFigure 13). Abies
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(22 MERDG A ARTAA ANG] BABEE 47
x

=
FES SEh BUBE ek 6714 AHAGEE 371 B

A
3] - AAA e ExolthFigure 14). FAAE7= A, e, &
diEok 7IFHEE AT HAberY] A Aet 53 bR A - 3b
Aoz Add 7BollA 3d o) =73 AT ol &AA=E A

Ecological factors

Dega ded Land use land cover
ecosystem

Restoration Goals

Dominant vegetation

Potential restoration area

Figure 14. Ecological restoration goal setting process for forest landscape in North Korea

@ A 7=-71% 14

SER(2004) A= HEi 5L FH st vad YEAE 3 5st= A
S =9 e FAHolgk AU THSER 2002 as cited by Hobbs, 2004;
Choi, 2007). o] & HHELY MEL HHATGYS HAY BHE HET
He ARGgE vHY o 2 7HXE 9% AEE 7% 3] 5(Choi, 2007)3
T2 e B3 FHY Y AES FHAIIE AR AHFAHIJG
(Perry and Millington, 2008; Wimberly et al., 2013). A&7} &2y} A
HAGEE AAE EAdEEE AHA 7e-T7x AAERD HE to
ooz wjxete] AZsE AZHT AdEd, A", 71$Wsl, A
g, HAY, A=udd =

sttt AEA F=-7e HAAEDLS AEA
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Table 10. Variation explained by the 22 components

Proportion variation

Cumulative variation

Component Eigenvalue Difference explained explained
1 10.011169 4.30501641 0.417 0.417
2 5.706153 2.49423042 0.238 0.655
3 3.211922 0.41015986 0.134 0.789
4 2.801762 2.17372644 0.117 0.905
5 0.628036 0.06509621 0.026 0.932
6 0.562940 0.21014322 0.023 0.955
7 0.352797 0.07426699 0.015 0970
8 0.278530 0.07139688 0.012 0.981
9 0.207133 0.11567335 0.009 0.990
10 0.091459 0.03267064 0.004 0.994
11 0.058789 0.03548642 0.002 0.996
12 0.023302 0.0076227 0.001 0.997
13 0.015680 0.00214317 0.001 0.998
14 0.013536 0.0022252 0.001 0.998
15 0.011311 0.0029129 0.000 0.999
16 0.008398 0.00260076 0.000 0.999
17 0.005798 0.00238357 0.000 1.000
18 0.003414 0.0003992 0.000 1.000
19 0.003015 0.00032421 0.000 1.000
20 0.002691 0.00089014 0.000 1.000
21 0.001800 0.0015312 0.000 1.000
22 0.000269 0.00017273 0.000 1.000
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Table 11. Factor score on the first three components of PCA and color code.

Phisiographic Dryness Wetness Productivity RGB
condition(red)  condition(green)  condition(blue) (brown)
alt -.043 025 -.050 118,23,23
Ss_mean -.028 .020 -.041 148,21,21
biol0 151 234 112 181,16,16
bio5 115 .205 120 21799
biol 383 183 128 255,0,0
bioll 545 135 135 238,73,73
bio6 601 .09 136 233,106,106
SW_mean 014 017 -.011 231,138,138
biol5 .286 -.156 23,89,23
biol7 370 126 21,14821
biol4 403 105 16,18,16
bio4 -.014 -.127 9,2179
bio7 -.002 -.118 37,245,37
SWC_COV 564 -.682 -.302 -.152 110,245,37
swc_min -.526 658 468 140 150,233,106
biol6 180 046 046 99,217
biol3 275 -.197 028 37,37,245
biol2 224 453 123 73,713,238
sWc_max -.038 122 057 106,106,233
swc_mean -.498 405 077 138,138,231
fpar_min 136 102 174 974 245,172,37
fpar_cov -.081 -.408 -.352 =752 233,189,106
Eigenvalue 10.01 5.71 3.21 2.80
Proportion
variation 41.71 23.78 13.38 11.67
explained
Cummulative
variation 41.71 65.49 78.87 90.55
explained

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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Principle Components
- Physiographic condition
- Dryness condition
- ‘Wetness condition
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Figure 15. Different ecosystem between North and South Korea

- 60 - FE ,ﬁﬂ 2



oAl A 7t

2. ARAS AT FAA

HeFE4HE A (one-way ANOVA)S] F SAIZFT FAAE AR (test

of homogeneity variance)?] Levene A %S mE AE A o9

o

el

o

of ZFol7b Aot

T

gt

R

hel Aeael

°©

tod Zol=
3} 23kt p-value =0.000). Levene S-A &Fo]

(p-value <0.00D= A

°

159] =& FHo o

o

e

oy

0
oF
N
1o
—_
o

il

2
3 Bl A

P23 ZH(AX3_Table 1; AX3_Figure 1).

2) A=A

o HluAdt AgA k=56, 7, 8 11, 159 =& FHol o
ANOVA

doH(p-value > 0.05 7

,mo

olko
k= /J\'

_61_

il

e HAewrt FAHOR thax

of| AElH 8¢

=

=

o] Hu=7} CoF He

e A

1
(p-value>0.05),
t}. D9} Eo 4

9
pal



QTR B Ay BANAE
2rbn $8% % ATk M3} DE 34 AF Aol ety By

N
&'1-‘
30
v
o
fo
v
fu
2
4
il
Lo
o=
fuj
N
18
o
4
)
flo
Y
2
b
of
)
»
o
u

o2
&
s
%
Jo
ol
B
kl
R
A
N
of
e
»
o
fru
.
(o]
)
>,
A
N
)
Hir

(Table 12). A=A k=5, 6, 7, 8, 119 A W FoA k = 8

9]
EGFETRFH Fwemean)o] Ast C7F BAH R ARSI TE S
=z ]
=

A FIE Wye] Bio] AR ks ZdeA Wiel A 1k A
o

Table 12. Variable homogeneity between ecoregions k =15
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Figure 16. Geographical distribution of ecological region, k=15
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AN AR A S Fo} He otu4tddrdHo] S3skA Fdth

Table 13. Landscape characterization of ecosystem region described by first and second most
frequently occurring actual vegetation type.

Ecoregion Vegetation type Actual vegetation Map sheet(1/25,000)
Castanopsis cuspidata Soan, Hallasan, Hongdo
C. sieboldii _@. myrsinaefolia Soan
C. sieboldii _P. densiflora Hongdo
Evergreen broadleaf C. sieboldii_Q. acuta Jangsa
Quercus myrsinaefolia Wando, Soan
Camellia japonica Wando
A Quercus acuta Wando
Machilus thunbergii Siebold —Jangsa, Soan, Sori, etc.
Pinus koraiensis Hallasan
Subalpine conifers J. chinensis var. sargentii Hallasan
Abies koreana Hallasan
A. koreana_B. ermanii Hallasan
Subalpine broadleaf Betula ermanii Hallasan
Neolitsea sericea Guenduk

Evergreen broadleaf — :
B Camellia japonica Daedo

Tanggok, Ssangjeon,

Subalpine conifers Pinus koraiensis
Yongsan
Pinus koraiensis Sokcho, Poonggok, etc.
Taxus cuspidata Jukryung
Abies koreana Janggi, Daesung, etc.
Subalpine conifers A. koreana_T. cuspidata Gusang, Janggi
b A. koreana_@. mongolica Daesung, Deukdong
A. koreana_B. ermanii Daesung
A. koreana_P. koraiensis Deukdong
Subalpine broadleaf Betula ermanii Daesung
Pinus koraiensis Sinsun, Biro, etc.
Subalpine conifers A. holophylla_@. mongolica Ganchun
E A. nephrolepis_Q. mongolica Bangdong
Subalpine broadleaf Betula ermanii Hyul, Bangdong
B. ermanii_A. holophylla Birro
Pinus koraiensis Ducksan, Okchun, etc.
F Subalpine conifers P. koraiensis_P. rigida Okchun
Abies holophylla Guemsan
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o] AAE AYA k =5,6, 7,8, 11, 155 4z} JHsto
Fol IR gkskeh. Jsk Ne| AAlE
AE A, a1 EXEE AA X
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1 4
A B wet Wysicl BTk PP YUY Rl AU
ME7h Al A EHsHE 54T wBele] Utk Ak AHAYde By

4Hel Aok A v=H Adte AEAY 92 15FS 7T
(ecoregion working group, 1989). 7Huttte] AefA & AH 7S o)-2 & -
Ao AAE Z=E WA v AR Level I, Level
II, Level I, Level V7} YIAIE o|FEE AIF-APS 23AAH B3}
RTESD B AT A WS A9, AA2H(Wright et al., 1998;
Lovelands and Merchant, 2004; Bailey, 2005), %] &(Omernik and Bailey,
1997)2] #AZF BEIHEE YUY NG} MPFozw gdHE A o
otttk A G- o] WEstA i (7] 3)E WP TSD A
= deiet i%‘f%"‘a‘ AE A o]ty B& W - &di(warm temperature
Holt}. FHtEo| A FFo] 7 AE Ce BF
= AHAY
oS

= A9
o

AejA 9 grgo] AAd BalA THFEL A whade 2ol AAS
http://sis.agr.gc.ca/cansis/nsdb/ecostrat/hierarchy.html

http://www.epa.gov/wed/pages/ecoregions/na_eco.htm
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Aeld At dehdoh YHAg Ne ME-sjntndos g5y
WA O 3 Al Ae Aol tTable 14). d@e] 24e ofast

WY A4S AgEA R F4s 2JAG ojHYolrh. wdl
nge dAFT FAAT g AL die AT 5P B
of HriFo] £RY SHL WAL BPe 4y RENL AHse] 2
Ygusel Pxx gom 27 W@ AF F/EAL Ytk BUAL AW
AEAG e 9o} ge @S MASAL FAOY 4F Bl E wgsto]
Yrsle Aol EeAow BoET

Table 14. Ecoregion naming

Ecoregion Ecoregion naming(sun-region)

The Sourthern Costal Evergreen Broadleaf Ecoregion

The Warm Temperature Mixed Forest Ecoregion

The Northern Coastal Dry Ecosystem(Hwanghae region_North-East region)
The Sourthern Mountain Wet Ecoregion(Jirisan region_Taeback region)
Ryongseo Highland Ecoregion

The Sourthern Plain Ecoregion

The Northern Lowland Ecoregion(Jaeryong plains-Whanggum pyung plain)
Central Hangang Watershed Ecoregion

Middle East Interior Deciduous Broadleaf Ecoregion

Hamkyong Mountain Terrain Ecoregion

Pyongan Plain Ecoregion

Pyongan Interior Ecoregion

The North West Mountain Terrain Ecoregion(Aprokgang(Yalu)_Duman(Tumen))
Backdu-Gaema Plateau Ecoregion

Nangrim Mountain Ecoregion

OZErCRR——IDOoOmEOogaow»>

52) Global Forest Resource Assessment(FRA; FAO, 2010)ol 4] Atgolak ztd Arejol Al Ath7h @45 E 2
A ¥ (primary designated function), 9A1E & E=Fo] #Had F Ad AAWE oA (other naturally
regenerated forest), AT ZQdF oz AT AAE ZH(planted forest)e 37F# JEE ofn|sic)
Source: http://www.fao.org/forestry/fra/fra2010/en/
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T BERARH), Faictel E33 A28 HHAYEG, D, E, P
R Bojx F 11719 AEXPoR TRt BYAY S £}

duA, FIe] HHAAE AAAY TR Fdo] AHAAwnint
g2} A (Bailey, 2005; Fitterer et al., 2012) Wt= Aefx o gdAdS 3
Aotk AEAY Ax A5EATHeE AdAYo] tHEH AYEA
S D o4t IgFHoE AAAYS txste Aotk AEAS
Ast Bololol= Aol UehAl ety A Fek He of
a4 Egrde] e dth FEke] tiEAHQ] ol EHsHe

AU Feolth, dake] AANNS o AUAY By

J {

AW, BUE FUANAE A7H HAAT) B AT AHAY
FHe AYus, BAE, Jente 299 FHow vasdd. 4
% Aol NAsA AEAY ABA L TEE A, 1989 AT

(A&, 19900 HIE FolA % o]Aw HASA FHA AA 9lo] L%

BeFe YAstel AR o A5 - B Ak | At
MIE FES} AREYT B A7) AuAGEE Lol 44
AAe) - B AT BT ESFRFFF] AGAE wse] 2
FHoz EASE st I8 YAAES} AZHAh A B A
To] AHAGEE APAT BAL W A 22e BH}AY A
BARE ASIHE W dYATRY O fstdn
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1989 44 EFol A NDVI #to] %3 Adnc B 10% A5 3
TR0l AYoz RFHAUG. B} 7P NDVIL 5442 Bag

T e AYolAtt. 2008 MODIS NDVI 4= &7/ AHHHA L ¥
WA FzF A oF 73,154kiz 578 = AtHFigure 19, right). &3kl
Ho ERHY ez §FE st 5% AeA =A Aeo] u
ar | A 9319 d F5S HFssdt. AE

o

o ofy
{>

o

ot
Ji

iASs

o

X,

7 @5 WFHEE W At HYATE] NDVI B
sheA AR Age] ARAN Bagel danc
Z25A Tl WO 3} AW AFS AAS G

fo o & o o X
o
N
o &
o
M
Hu
[}

S

1
ox

wous cor

I soirse forest

I Deciduons broadleal

Il Alpine

I Evergreen conifer

W s o I Mixed forest
[— Kilom et ers B Paday fiad

g | 2 A 21

-

[+

-
1

iU



@) HAELH A A

| i

%

1989 el A1 2008\ 4tH ®WslEF2 4lHo
F(0.74%) 0.2 WskE F, 118
Bd He HAZoA stATt FetE o] WElE A o
A 9]shH 1989\ ol HlE| 2008 d ol °F 22%2] AFH
A= W3} = tHTable 15). ©] AHE A AW IA=ZA AP AE
A AHNEA 7Y " Aoyt o g HEH A2 oF 4.62%,
=02 HgH AYL oF 213%, FHEAI #
FAAZY HFo] FHEXZE HEH vERY 2 A HAeE F
Ao FrIt FiAos 3, 19909 o]F B
H

of 2 Mdd A wio] T4 Arivs WA IAFA I
HEHAY d2 FastA XD Aol Faiel HAs), A= AHFH, FA
2 ofgtz Qe WA FHol HAHNS Aow 744 drhFigure 19, left).

Table 15. Forest area in 1989 into unchanged forest and changed nonforest in 2008.

LULC Pixels Area(kn)
NK_89
Forested 139,801 91,679
NK_08 v v v
Deciduous forest 14677 10.50
Deciduous broadleaf 37416 26.76
Forested i 7768
Evergreen conifer 24749 17.70
Mixed forest 28412 20.32
Sparse forest 20780 14.86
Dry field 6463 462 21.62
Paddy field 2979 2.13
Nonforested ;
Built_up 659 0.47
Waterbody 103 0.07 0.70
Unclassified 220 0.16
Total 139,801 100.00(%) 100(%)
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EAOEAE AA @A oF 14%°
G L J K L MN, O 5&aAvt epta 55 =&
£ A% 753 FAAEAEA A9 ‘lk 86%E ©l
Efvb= AR Hof 2z gti(Table 16).

A A Y Ce 53 A9 8%s HAFstt olF oF 25%7F AAEY
Aot ZAEAWIA Y 33%e & H AAAZ AR Folal 9
A= 67%01th AEAY Ge 53 gEUWZH 6%5 AT o] F
°F 18%7F SHst=E AT FHAA F oF 34%e AHAARZ AEH Y
FHEAE oF 66%°1th. AHAS = S EWH < 14%E AA
st o] °F 16%7F FHAFAdA oltt. A HA A Y 22%+= 72
2 H8H AHola of 718%= FHEA otk AHAY J& 5 IE
WA ¢k %E AR J= ALY 10%7F 9= FASLN A E 7}
I Utk olF oF 25%v AAAR ALEH I 5% FHEA |
o 53 & o 8%E AAete MHAY K& HA WA oF 20%7}
A EAd Aot o] F 38%7F ARAAR AMEEHI I 62%E F
Aot HAS L B3 WA of 10%E ATt} o|F °F 26%
7F A EA A olth. AN GA T oF 36%e AAANE HEH
NI 64%= FHEARZ Folgrh A M J3 dA WA of
9%olth. olF 17%7F FAEA A oltt. FABAHFA o] °F 30%=
ARAZ AgFo] AFEEHI QA oF 70% = FHEAZ ol A
A N& 53 =& |48 oF 16%= WAo] 7H wrh Z2jv A&
Ao A WAL oF %= 714 At o] F oF 3M%e LR HEH
AFEEIL Q1o 66%E FHEA It AEHAY O EI wE HWZH9
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°fF 10%E AAIgH}. olF 14%7F FAEA A ot ) H-Ath A 9
oF 36% = AIANE AHEEHI QT oF 64% = T 5% o] cHFigure 20).

Table 16. Ecoregion area(%), degraded forest into shifting cultivation and sparse forest in NK

Ecoregion Area Degraded forest
B 0.15 15.24
C 7.65 25.08
D 0.61 9.46
E 1.86 13.26
F 0.52 10.39
G 5.73 17.63
H 9.38 20.66
I 14.03 15.57
il 893 10.08
K 798 20.43
L 9.82 25.67
M 6.85 16.59
N 16.23 7.62
0 10.27 14.10

Total 100(%)

120

100

20
F
= 60
=g N sparsze forest(3)
==«#:e: Shifting cultivation(3)
40 -

20

B c B E F g H 1 J K L M N O Ecoregion

Figure 20. Shifting cultivation ratio as per sparse forest accordance with ecoregion in North Korea
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2. A& A AEZ 29l

1989 o A 2008 Alolol] HAISH A3 2|71 HAYSE AYEf A Q9
o sersigth $4, BF 49 RG] A BEi AUFHA
AAol ZHAY 100mE AFYS W, AGH T Ar3H
Moran’s I A4~ -1, Z-score = -13.46(p = 0.000 < 0.0DZ E}ST}. AH
FAA7L & Aol BeIA T FI A GO WAFA B B
Ao HALA o2 Bar o] ExalgdohFigure 19, left). o] A =S &
3 13k 22l 20 FEHo2 HAHE WiTable 1DE o) §3to] o7
22 gF3AEH S FdstAt 53 AHS3H A} A = o
H A9 e el Feobstr] el
Table 17. Covariance explain for binary multivariate logistic regression
Variables Explain - Range —
maximum mean minimum
alt Elevation and cartography(m) 2489 592 0
biol annual mean temperature(*10) 117 58 -62
biod maximum temperature of warmest month(x10) 295 252 145
bio6 minimum temperature of coldest month(*10) -48 -169 =302
biol0 mean temperature of warmest quarter 239 192 83
bioll mean temperature of coldest quater 0 -92 -224
biol2 annual mean precipitation(mm) 1544 1062 546
biol3 precipitation of warmest month(mm) 441 2642 128
biol6 precipitation of wettest quarter(mm) 1002 617 313
swc_max  annual maximum soil water contents 100 98 64
swc_mean annual mean soil water contents 100 89 58
swc_min  annual minimum soil water contents 100 73 47
swc_cov  coefficient of covariance 15.24 9 0
ss_mean  solar radiation mean of summer solstice 2184 1794 1611
(D AHeA A A=
APl M APFHAAL EA T Ho] M F AT AHA IF
HE ol 2X2E IARAE T3 IJsAT FHAZ M A Ho)
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A3} Abg g =] o

TH(Table 18).
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g Ao of| Aye)H
ol Aeyd <zt BANA A9 H Ak

o]

= A=

o] A

A
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Table 18. Variables in the equation changed forest into degraded forest model

95% ClI. for EXP(B)

Upper

Lower

Wald df  Sig. Exp(B)

SE.

967
1.035
1.020

994
1.001

953
1.021

.960
1.028
1.017

.000
.000
.000
.000
.006
038
.000
.000
041
.003
.000

1
1
1
1
1
1
1
1
1
1
1

118.884
63.226
121.644
34.689
7479
4318

004
.003
002
.001
.000
.000
009
009
008
023
172

-.041
028
017

-.009
.000

-.001
.040

-.061
017

-.070

4.258

biod
biol0

1.014
989
1.000
999
1.023
925
1.001
891

bioll

991
1.000

bio6

alt

1.000
1.059
957
1.034
977

999
1.041

Step

sS_mean

10

20.062
50.339
4172
8.824

SwcC_max

941
1.017

Swc_min

sSwc_mean

933
70.675

SWC_COV

30.446

Constant

l

A T FHEAEZ Hstd NG9 A 202 11dA A

=}
FHEHX

@ FHAA 5

<

_83_



—

5 A
iﬁoﬁopmlgﬁ
c,iaa}&ﬂ_ﬂg. 83
‘.* O.»J.ﬁ;ﬂmM Wmmoop/nv
iﬂ,ﬂ‘uuwxzo%o% EUlW%2%9
1jw| q —_— — m07 ,UAIJE,.F
- ol B N X £ = TP MR
&oorlox = &un_Alo];oomﬂ
oE N .ag T bt M Sl Blo T Bo K Bo pm mm —
Q&MQﬂg %wm%MM4 Q,ML&#?W =
m g < 8|7 g5 ¢ g 8ﬂﬂﬁouam
eov,_w;u e = < 9| Zox] JHL
+ = g w O A 2 T ° 2
{REgymE 5o a8 |z = w o W oo 4
I ~ GM_L,F eV _ 2 WW%MPO o 1 ‘.n_A_uuﬂ;lAT e
_Eﬂymﬁﬂﬂ 3 E1.9mMW% ﬂ%%m«%%
v ER ST : - P i
L 5| & 888 Eurmﬁmﬁﬂﬂ
- 1ufo£_. ® .O%OnlU W o X —
QLQEXL & ~ o SIS =0 ATWX_u
ﬂﬁivrmwmw gl = |~ - x%ﬂ%ﬂowmﬁi
o] ) — — —
o w T S - | o @_yool‘wﬂ_o
‘LIL"LI X_lo,l_l ‘nIAaDoPOl e Nﬁdmﬂﬂﬁ
s%_xzw%A MW1H%@84 < W iy
w <~ o T T =2 %@33%&% aoiﬂiu%
.7%twmotw%q g R %54%31@ |
— 0 M.A [€5) — 10 1r_|] ]
SO R Elalszuss d%fﬁyko %
.A._OL ’w._v ox = OOOFO X OT_/‘_._H.O
> oo o ! 2 88% — o o !
2 E R R g < WD o i
5 i P ON oo o 2 n 8 &8 X o A_VW = 01_1_ — o
ﬁmmﬂﬂm_.%ﬂno = O.n,un,ummmm Jﬂﬁiﬁ %MWO_‘_
— N . RO = g 0 ~ o=
wg%_ﬁ“%un & T mﬁoq_ﬁﬂ_maea
T ok om OR 8 n;mpoo%nt ]%mmﬂonTaﬂwu%
ﬂ#au,.ao% < ammmm.mm xl_sg(uo._a.
™ o0 o) Q A o5 2 J ¢ % w X 9 o o~ By
o%ﬂo.Aurﬂ o g 5 5 %ﬂ1me T
ST T K o I &\Moxbﬁlbmﬂko»
X 8 a S Lmo__oaajop
= %H (Wnﬂi&oﬂ@mﬂﬁ
rA R ﬁ#%lwﬂ
WEE%%M
X o ok



o
Sapo] W AYe FAoE WASE AL FAFT 1S/ B A
A% NoF O A5gel AT EFERTHF] wobd FAEA
o SRR

Table 20. Variable in the equation changed forest into dry field.

%% CI. for EXP(B)

B SE. Wald df Sig. Exp(B)

Lower Upper
biod -.028  .006 25.586 1 .000 972 962 983
biol0 011 .005 4.268 1 .039 1.011 1.001 1.022
biol0 003 .001 24.055 1 .000 1.003 1.002 1.005
StSep biol6 001 .000 22.040 1 .000 1.001 1.000 1.001
swe_min 076 006  180.838 1 .000 927 916 937
swc_mean 065  .005  139.838 1 .000 1.067 1.056 1.079
Constant 1599 650 6.058 1 014 4948

3. ARl o EA T 9 A

datotk el AEAY AE A93sta B, C, D, E, F, He &3
ol &t AejAlAN C A¥E B3l 99%¢] WA o] dddn)
wekA Bae] AeAY C, G, 1, J, K, L, M, N, OF o2 Level 2
type EAX|3E EX(AX3_Table 3; AX3_Table 42 o}ttt A=
A= 1A Level 2 type EXATBE(GAA, 201D 7utoz JAE
Level 3 type EAIELZE o]&sty AHAIEE 3 EAIHE
(AX3_Figure 2)3 A& (AX3_Table 59 A-fnl&S g3 ¢th

T3 AEAY 53] YAFHS TR EIe AHHAFIA

th(AFE EA], 1998; 2193 =FA, 2008; AR} AAE, 2010*)E=

:l'l o
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BaolA AASE $HFET 2L ARSE £52 Aste] AR
98 FAAYAY  SAFTH 2PALFEFS w2 A4sAn

i Bo] Ffle AeEAYgEe B, D, E, F, Holth(Figure 16). ~1&
U HE A9std A7 b&e v 7|5 245 333 §A8H. B
Baxde AT RO S5 FHEA 44%9F 7 19%0th &
ol E 4tge AR HURF TaEY 16%, FUFH 12%, 7Ek
FEITd 10% <olth. D AY9 B} LuFo JFUFF £859
40%, FIFF 28U GEEDSFE 25%, FHEA 17%0 AP 2
Aot EX Y2 FUF 40 dgEgardol 45%, AuF-eF 3
ol £89 21%, &

HEA 11%2 194 992d-d AFelth. Fo
= %2 EX¥Eo] YEgt &

) A GE -39 E(level 2 type)

o ™2 HolT yels AEAR
thHFigure 21). A G= sl AA|oH = A2A7}F %@f&ﬁ}. =73
2k2] 35%, FHEA 21%, & ARA 13%, &

Hoke =E A o] FolA AL ofphe FYHEA S v AHzlo] £ B
oltt. A K& H< Hok AejAl oIt} AojFH ok, Qb5 - g of,

oo, ARPok 5 A AT EXNBoln 4Pe 27 FH
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rlo

FHEAZE At 53 AdEe Ggg@gEadelth. =43
39%, FHEA 21%, ¥ AZA 13%, SALAFE 13% £olth. =54
Aol AEAYol= I FHEATE A A= AHold.
AEA G N FEHETE 32%, S2HET™ 21%, S9E€495H

o] 14%, ~18]al alpine®} sub-alpine AFHo] 13% 717HA] A s= 11
AHA oI, AEAY O FEAAFE 23%, &9 22%, HIIS
T8 19%, 48E8dTH 15% HE&E AP A0 AHAd T 2 o]
A G BAA Wl o] ThE UrE}Ur/H 78t AHAY s4A HleHt

=THAX3_Table 3; AX3_Table 4). %7} Y1 11%7} & 319Y JHHLS
Arwe FUHoR AAW FRFWN] Woly FEFEo] fAHE
49 QA £3% Hdol ARAR ANHAD EFS P Yx
o171%o] AAL UAZL WA Selth 5ol Ao Beke A

o

A% 2gol EGFES AAS] fEe] nyU Aol shvHw

&
Eopo] Azl JH5EE T AP ol W) wiel Fusheh Abut
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) AeNx g -2 (Level 3 type)

Aef A 8 Level 2 typeo] %34 I Eo & Level 3 type ¢4
o

S o #o| EAE A Zti(Table 21). B4% 3k Az A Yl C
o] EXEL FYEA 26% FHEETE 16% E85H 14%, FEHY
+4 1% 7el2 AR Yi48d5-ge FUEF 0% 1 9 w
= 2 30%9) HEE FAEL, EEYS 2U4Fe FURE £5Y
olth, ¥5g FEAFFHLE AUF_FUFE FAY AUF wedol

2] S

A = - ERE 2EA Uz 2 #EA
U7} gii-goltt. - F A AEAY J= 9915 E 38%, £8
g 22%, G-I TE 15%,

T aqgagsgelt 4539

61%, £UT wed 26%, B FEPG5EDol URAE AT 7]

B BEA UA 2% 2EH UA 8% 4SAAY UA 13%, w5o

Zo] 11%9] Ml Btk &) BR o] 47 FE T4 Uehith

MEFuia ANAY N JEIGFY 32%, IG5 Y 21%,

J4B95Y 1% Aol A ASPGre] 86%, by

AR 9%, 2URR 5%tk daddsYe

o BUT_SFABGFY 3%tk FABIFY UFEL AAURF

ol FUF-FIL 29% BEaATh FPEA v &S 7% AEA Ao



el 35%= FAET. &l =]

FE Akt AHAY 0= 45|
T3 19%= 7449
F 30%, & FER A 9
g9 T7A 0l 59%°l AvF-oF FuF-R FHAo] 41%elth. dFI AT
He oZ2uF &3 86%%t olZuF_thAH HAZITE 14%olnt
(AX3_Table 5; AX3_Figure 2).
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Table 21. Distribution(%) of dominant vegetation in Ecoregion of North Korea

Ecoregion  Level 2 type land cover  Ratio(%) Level 3 type vegetation Ratio(%)

Bare rocks 7
Evergreen coniferous baresoil 17
Sparse forest 26 Clear cutting 5
shrubby 37
C Herbaceous baresoil 34
. Quercus spp. 70
Deciduous broadleaf 16 Nuscekkabeiys woods 20
. Pinus + Quercus spp. 90
Mixed forest 14 Boreal pine + Betula spp. 10
Boreal pine 86
Evergreen conifers 32 Pinus_Quercus spp. 9
Pinus spp. 5
Larix spp. 66

Deciduous conifer 21 .
N Larix_Betula spp. 34
Betula spp. 67
Deciduous broadleaf 14 Quercus spp. 29
Miscellaneous woods 3
Alpine 13 Alpine evergreen shrubby 65
Alpine grass 35

4, 24

o APFHA WsFe FAGL IABANIAE FH8Y
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Table 22. Restoration goals accordance with ecoregion by expert decision

Restoration goals
Agroforestry-Ecotourism-Climate adaptation

Typical specifics
Agricultural ecosystem

Ecoregion

G L K

Ecotourism-Biodiversity-Agroforestry

Biodiversity-Conservation-Ecotourism
Conservation-Ecotourism-Timber production

Scenic landscape ecosystem

Transition ecosystem

LJ M

Sub-boreal ecosystem
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Appendix: Expert survey materials
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Appendix 1. A|27 7]&o]& A+

AX1_Table 1. Variables which used to existing ecoregion studies(p13)

Source Objectives Variables
Land cover Product Water Soil Snow SR Prec Temp DEM
Williams and if existing ecoregions are climatically distinct and to I monthly
. . . . nomals
Masterton, 1983 explore technique of incorporating climate p-noma mean
to rest the hydrologic productivity is different amon monthly
Bailey, 1984 * VEro0BIC productivity i ¢ runoff
regions
value
Davis and to predict the distribution of natural vegetation LandsatTM TWI elev. slope
Goets, 1990 distribution of reference ecosystem in the landscape forest cover aspect
Palik, et al., to map the restoration related vegetation distribution overstory drainage
. X monthly SR elev. slope
2000 of reference ecosystem in the landscape species texture
. A L . min. the
Pullar et al., to define ecoregion in a scientifically way and obtain annual coldest cartogr—
2004 geographical descriptions for bioregions prec. ) aphy
month
. soil . .
L L. R X plant-available water X growing growing degree
Hargrove and to map quantitative multivariate clustering with 1km R organic
R . L . capacity/ depth to season season day heat/cold elev.
Hoffman, 2005 spatial resolution into 3000 district ecoregions matter/
seasonally water table . mean SR mean Prec. sum
nitrogen
to explore and understand the uniqueness of the f{AR
Coops et al, wplore an a . AVHRR 90m radar
regionalizations as a context for Canada wide monthly/
2009 . e o land cover (Cov)
ecological and biodiversity monitoring purpose annual
to delineate geographically distinct winter based
Farmer et al., e
2010 management zones and identification snow cover SWE=1
regimes
. to integrate remotely sensed datasets into X
Fitterer et al., g . . . MODI|S fPAR TWI(DEM based soil Snow
homogeneous ecosystem unit for conservation planning X annual SR elev.
2012 o land cover cov/max moisture) change
and monitoring
to define and characterize ecosystem classification
Andrew et al, . . .
along summertime productivity, winter snow DHI SWE#*2

2013

conditions, and the combination of the two
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Appendix 1. A|27% 7]Eo]|& AF

AX1_Table 2. Ecological restoration zones in China(Cai et al., 2004)(p 21)

A 1
Ecological Ecological restoration 'nr'lua' Aridity  Climate
Code . precipitation .
restoration zones sub-zones index zone
(mm)
Chang Bai Mountainous
Chang Bai Zone
I Mountains ' Norther'n Yangtze river > %00 <10 Humid
Southeast China mountain zone zone
Humid Zone Southern Yangtze river
red soil zone
North Jing-Ha Black 5911 Zone
. Nerthern Mountainous
China-Northeast
China-eastern Zone
hern Tai-L i-
I Qinghai-Tibet Southern Tai-Land 500-600 5 Oemi
Loess Plateau humid
Plateau .
) . Southwest China
Semi-Humid .
Mountains
Zone
Inner Mongolia Inner Mongolia Plateau
Plateau-Loess Qinghai-Tibet Plateau Semi_
m Plateau-Qinghai— Inland Plain Zone < 400 2.0 Zn' J
Tibet Plateau Grassland Zone
Semi-arid Zone Desert Zone
Xingiiang-Tnner Inner Mongolia Plateau
8l g, Northern Tai-Lan Loess
Mongolia,
Northwestern Plateau
I\ . Qinghai-Tibet Plateau < 200 >2.0 Arid
desert arid land .
. Inland Plain Zone
of Tibetan Plateau
Grassland Zone
Zone

Desert Zone
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Appendix 1. A|27% 7] Eo]&

AX1_Figure 1. Global landscape of opportunity map(Source: BONN Challenge, 2011)(p24)
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Appendix 1. A|2% 7]Eo]& AF

AX1_Figure 2. Landscape mosaic analysis(source: WRI, www.wri.org/)(p25)
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Appendix 2. A3 A5 F WY

AX2_Figure 1. Spatial variables used to classify eco-region of Korea(p 36)
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Appendix 2. A3 AMs L WE

AX2_Figure 2. AVHRR forest map of North Korea in 1989(p 43)

100 50 0
I Kilometers
- 125 -

I:I NK_boundary
I:l NoData

- Nonforest
- Forest




Appendix 2. A3 AMs L WE

AX2_Figure 3. Ecological region overlaying administration area of North Korea(p 44)
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Appendix 2. A3 AE F PH

AX2_Figure 4. Ecological region overlaying actual vegetation of S. Korea(p 48/69)
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Appendix 2. A3 AE F PH

AX2_Table 1. Climate variable coding(hppt:/Aww.worldclim.org/)(p 38)

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (x 100)

BIO4 Temperature Seasonality (standard deviation *100)

BIO5 Max Temperature of Warmest Month
BIO6 Min Temperature of Coldest Month
BIO7 Temperature Annual Range (BIO5-BIO6)
BIOS Mean Temperature of Wettest Quarter
BIO9 Mean Temperature of Driest Quarter
BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter
BIO12 Annual Precipitation

BIO13 Precipitation of Wettest Month

BIO14 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter

BIO17 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter

tmean = average monthly mean temperature (°C * 10)

tmin = average monthly minimum temperature (°C * 10)

tmax = average monthly maximum temperature (°C * 10)

prec = average monthly precipitation (mm)

bio = bioclimatic variables derived from the tmean, tmin, tmax and prec
alt = altitude (elevation above sea level) (m) (from SRTM)

m = month of the year, from 1 (January) to 12 (December)

X = code for the bioclimatic variable

“tmean<m>_<r>.ext
tmin<m>_<r>.ext
tmax<m>_<r>.ext
prec<m>_<r>.ext
bio<x>_<r>.ext
alt_<r>.ext”

ext = filename extension (for the Generic grids only), either BIL (with the binary data), or
HDR (text files that describe the data, for import to GIS applications). In case of ESRI grids,
these filenames are in fact folder names, and also include one ”"info” folder.
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Appendix 3. A4 B3 A4IA T AHFH By

AX3_Table 1. Dunnett T3 post hoc pair wise comparison for unequal variance assumed(p61/65)

Eeo Mean Std. 95% Confidence Interval
region Variable Region Difference Error Sig. Lower Upper
(I-] Bound Bound
E5 alt B and C 0.9 1.3 1.0 -2.3 4.1
alt B and C -2.1 1.3 0.8 -54 1.3
E6 Ss_mean B and C 0.0 0.2 1.0 -0.6 0.6
B and E 0.0 0.2 1.0 -0.7 0.6
bioll Cand D 0.0 0.1 1.0 -05 05
7 biol3 G and B -0.4 0.3 1.0 -15 0.7
biol6 B and G 0.1 0.7 1.0 -2.2 24
fpar_min B and D -0.3 04 1.0 -14 0.7
E8 swc_mean A and C 0.0 0.0 1.0 -0.2 0.1
alt A and H -2.4 15 1.0 =74 2.6
biob Jand K 0.4 0.2 0.3 -0.1 1.0
bioll E and F 0.1 0.2 1.0 -05 0.6
biol2 A and D -2.4 1.6 1.0 -78 3.0
E and K 2.1 1.3 1.0 -2.3 6.6
biol4 G and H -0.1 0.0 1.0 -0.2 0.1
fpar_min G and J 0.1 0.1 1.0 -0.3 0.5
El1 sw_mean A and B 0.8 0.2 0.1 -0.1 1.7
A and C 0.7 0.2 0.1 0.0 14
A and E 0.5 0.2 0.9 -0.3 1.3
B and C -0.1 0.2 1.0 -0.8 0.6
B and E -0.3 0.2 1.0 -1.1 05
B and H 0.6 0.2 0.2 -0.1 1.3
Cand E -0.2 0.2 1.0 -0.8 0.4
G and K 0.0 05 1.0 -1.8 1.8
biol D and G 0.1 0.2 1.0 -0.6 0.7
biod Cand E -0.4 0.2 1.0 -1.0 0.3
biob Cand H 0.5 0.2 0.9 -0.3 1.3
biol2 D and E -0.9 1.2 1.0 -4.5 44
biol5 H and O -0.1 0.0 0.9 -0.2 0.1
biol6 A and F 2.7 0.9 0.4 -0.6 6.0
biol7 K and O 0.0 0.1 1.0 -0.3 0.2
El5 swc_max D and E 0.0 0.0 1.0 0.0 0.0
E and H 0.0 0.0 1.0 0.0 0.0
E and I 0.0 0.0 1.0 0.0 0.0
G and K 0.0 0.0 1.0 0.0 0.0
SWc_min Cand K 0.2 0.1 0.2 0.0 0.3
E and N 0.0 0.1 1.0 -0.2 0.3
swc_mean A and N 0.0 0.0 1.0 -0.1 0.1
fpar_min g o4 F 0.0 0.6 10 -23 24

3 y
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Cand I 0.3 0.3 1.0 -0.9 15
Cand O -0.2 0.4 1.0 -15 1.0
G and N 0.8 0.5 1.0 -1.0 2.5
H and B -1.3 0.6 1.0 -34 0.9
ss_mean M and D 0.8 0.5 1.0 -1.0 2.5
sw_mean D and M 0.3 05 1.0 -14 19
F and G -0.3 0.2 1.0 -0.9 0.3
F and K -0.1 0.1 1.0 -0.6 0.5
Jand O 0.2 0.5 1.0 -1.8 2.1
- 130 - .-;':ﬂ =



Appendix 3. Al4% B3 A4IA T AHFH By

AX3_Table 2. Variable mean value of 15 eco-region and descriptive statistics of Korea(p 65)

Variables A B C D E F G H I J K L M N O mix Kmean rrI:n meI;ian Stiv
Elevation 144 185 190 614 596 160 117 211 624 830 128 228 591 1442 975 1442 437 117 228 390
Annual mean temperature 135 126 81 92 80 118 100 102 64 37 89 81 51 1 24 135 80 1 81 38
Max temp. of warmest month 287 291 255 266 255 294 281 285 256 2271 278 271 254 206 241 294 265 206 266 25
Min temp. of coldest month -26 -53 -108 -93 -126 -73 -103  -113 -173 -180 134 -156 <197 232 238 -26 -131 -238 -126 62
Temp. annual range 313 344 364 359 381 367 33 398 429 407 412 432 451 438 479 479 39 313 398 44
Mean temp. of warmest quarter 235 233 197 209 200 235 223 227 196 166 221 219 193 142 175 235 206 142 209 27
Mean temp. of coldest quarter 29 9 -43 -21 -55 -8 -35 -38 -88 -107 -60 -75 113 <155 -150 29 -59 -155 -55 54
Annual precipitation 1379 1328 783 1419 1414 1218 1060 1334 1244 809 993 1072 992 936 909 1419 1103 783 1072 221
Prec. of wettest month 238 260 177 305 337 275 281 376 346 183 283 308 262 218 225 376 266 17 275 58
Prec. of coldest month 33 28 16 32 29 27 18 21 19 13 12 13 12 14 12 33 20 12 18 8
Prec. Seasonality 60 69 78 (5] 8 u 91 9% 101 83 101 104 98 88 93 104 87 60 88 13
Prec. of wettest quarter 653 683 426 765 818 663 626 815 791 457 623 685 616 557 559 818 634 426 653 119
Prec. of coldest quarter 128 106 55 116 9% 94 60 72 62 45 42 45 41 47 40 128 68 40 60 30
Soil water contents_max 100 100 90 100 100 100 9B 100 100 % 9B 9 96 9 97 100 9B 90 9 3
Soil water contents_min 89 ) 65 88 86 6 70 (5] u 4 65 67 72 86 76 89 76 65 6 8
Soil water contents_mean 96 92 81 96 96 90 86 90 9B 89 86 88 89 96 91 96 90 81 90 4
Soil water contents_cov 4 6 10 4 5 8 10 8 8 8 12 11 9 4 7 12 8 4 8 3
fPAR_min 99 59 17 40 22 59 40 62 18 22 14 17 20 22 18 100 A 14 22 25
fPAR_cov 99 82 43 69 57 83 65 88 55 56 41 47 53 53 52 100 63 41 56 17
Summer solar radiation 1721 1724 1725 1792 1790 1723 1718 1730 1791 1830 1721 1732 1783 1949 1857 1949 1768 1718 1732 66
Winter solar radiation 339 336 342 360 359 336 336 339 362 380 336 339 357 419 378 419 352 336 342 23

| R
; 9
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Appendix 3. A|47 &3

494 YA BARY

AX2_Table 3. % area of Level 2 type land class of eco-region(E15) in North Korea(p 85)

Land use land cover class B C D E F G H I il K L M N 0
Water body 2.30 1.19 0.18 0.55 532 191 047 0.08 0.01 147 0.67 0.24 0.33 0.33
Built-up 460 361 0.62 0.99 6.87 5.74 2.04 0.84 0.54 481 497 1.34 0.78 0.72

Dry field 18.77 1357 4.01 3.15 21.15 13.16 14.17 3.80 2.31 12.87 13.47 9.40 3.34 6.42
Deciduous conifer 0.77 3.36 1.25 8.39 0.33 0.48 145 549 14.58 0.72 0.63 8.98 20.59 19.02
Sparse forest 44.44 25.98 1748 11.37 33.89 21.20 25.29 14.33 8.38 21.07 2540 1591 7.37 10.75
Deciduous broadleaf 1571 16.25 2542 45.00 9.75 9.98 26.28 37.14 3791 12.78 17.02 20.28 14.07 1545
Alpine forest 0.00 0.02 0.00 0.12 0.00 0.03 0.01 0.09 0.25 0.01 0.01 0.13 11.83 1.49
Evergreen conifer 1.15 9.78 12.22 8.34 1.33 3.68 1.98 12.45 13.26 1.06 6.23 18.45 31.55 23.24
Mixed forest 11.49 14.03 3845 21.28 10.63 8.87 16.66 24.06 21.57 588 12.96 22.97 8.67 21.63
Paddy field 0.77 12.20 0.36 0.82 10.74 34.95 11.67 1.72 1.19 39.32 18.65 2.29 1.47 0.96
Total(%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100

I 21 ]
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Appendix 3. Al4% B3 A4IA T AHFH By

AX3_Table 4. Ranked ecological factors accordance with dominant, subdominant, and 3rd dominant existing land use land cover in North Korea.

Parentheses of class ranks mean opposite operation of array ranks. Variable ranks were created by Jenks natural breaks(p 85)

Variable mean estimated comparison with Korea mean

Regi % Dominant 2nd dominant  3rd dominant
i . . . . . bio  bio  bio  bio  bio  bio  bio  bio swem swem swem swe  fpar  ss  LUL LULC LULC
10naréd it biol  biod  bio5 bio6  bio7 . P ULe
10 11 12 13 14 15 16 17 ax in n cov.  min  mn
A 5 (low)  high (low)  high (low)  high high high (low) high
8 (low)  high low high high (low)  high high (med)  low (high) (high) Sparse forest Dry field Mixed forest
Deciduous .
C 4 (low) med med med med low low med low med med (low)  Sparse forest Mixed forest
broadleaf
] ] ] ] ] ] . Deciduous
D 8 (high) (med)  (high) (med)  (high) high med high high Mixed forest Sparse forest
broadleaf
Deciduous .
E 4 med (med)  med (med)  (med) (med)  (med) high med high high high (low) med broadleat Mixed forest Sparse forest
roadleal
F 10 high med high med med med med med (med) Sparse forest Dry field Paddy field
G 3 high high high low med med low high high low Paddy field Sparse forest Dry field
Deciduous .
H 16 (ow)  low high high med (high) med Sparse forest Mixed forest
broadleaf
Deciduous .
1 8 (med)  med med med med med high high low (med) (med) med (high) Mixed forest Sparse forest
broadleaf
- Deciduous . Deciduous
] 5  (med) low low low low low low low high  (med) med (med) Mixed forest .
broadleaf conifer
K 5 med  med  low high  med  low high low Paddy field Sparse forest  Dry field
L 6 low med high high med med med low med low high high Sparse forest Paddy field Dry field
. Deciduous Evergreen
M 4 (med) med low low med  low high  high  low med med (med)  Mixed forest . g
broadleaf conifer
Evergreen Deciduous Deciduous
N 9 (high)  low low low low low low (high) R £ .
conifer conifer broadleaf
Evergreen . Deciduous
(0] 6 (med low med med  low low low high  low low med (high) R g Mixed forest .
conifer conifer

s - i)

o
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494 YA BARY

AX3_Table 5. Level 3 type forest distribution(%) accordance with ecological region in North Korea(p 85)

Level 2 Level 3 B C D E F G H I il K L M N 0]
Deciduous Larix spp. 100 68 71 27 67 24 37 100 36 10 49 53 66 86
conifer Larix_Betula spp. 0 32 29 73 33 76 63 0 64 90 51 47 34 14
Betula spp. 0 0 0 1 0 0 0 1 4 2 0 3 67 9
?;Z;‘Engs Quercus spp. % 70 71 &% 4 0 6 8 o8& 58 5/ 9 29 86
Miscellaneous woods 44 30 29 10 60 30 38 18 10 46 41 0 3 5
Mixed Boreal pine+Betula spp 0 10 2 4 0 1 0 100 20 0 1 16 69 39
forest Pinus+Quercus spp. 100 90 93 9% 100 9 100 0 80 100 9 84 31 41
Boreal pine 0 14 7 1 8 8 1 21 12 8 3 0 86 54
EZZ;%;::“ Pinus_Quercus spp. B8 T R 6 6T 0 61 58 68 63 9 30
Pinus spp. 67 37 20 7 25 29 22 79 26 34 29 37 5 16
Clear cutting 0 5 0 5 1 1 2 4 6 1 1 24 69 76
Shrubby 41 37 46 50 44 39 46 49 42 50 45 54 9 12
Sparse Bare rocks 25 7 22 12 16 5 13 11 11 0 13 10 5 4
Herbaceous baresoil 26 34 20 28 30 38 36 32 28 43 35 0 13 6
Evergreen coniferous 9 171 5 9 17 3 4 13 6 7 12 4 2
baresoil

Alpine Alpine evergreen shrubby 0 100 0 0 0 33 98 100 81 0 100 81 65 68
Alpine grass 0 0 0 100 0 67 2 0 19 100 0 19 35 33

T 0 T
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AX3_Table 6. The afforestation species recommended from administration area of forest management district in forest management area on ecological
region in North Korea(established based on Forest Publications, 1998. forest management district revised up to data(p 52/86))

Forest 24 A

fus (e} il - — . . . . .
. : A Al Ecoregion Dorminant vegetation Species recommended afforestation Remark
Climate 9 AW AT T e *
1 B A L e N o OV, BRI, by
oo 11 R Ly o vl %]ég—%«#%ﬁ%—)ﬁ% y RALE B y N
AkAag]
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: PANE A N HSE IR, PRI, SR, o) BT,
oL, b, Nt
pUBR=E) A
il =
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o)3h A1 i e
e A e s, R, A RO TSI R AT, IR, nalk
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Appendix 3. A4 B3 4FAT A By

AX3_Figure 1. Ecological region by empirical input k& = 5, 6, 7, 8(p 47/61)
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Appendix 3. A4 B3 4FAT A By

AX3_Figure 2. Extracting level 3 type land cover characteristics accordance with ecoregion(p 85)
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Appendix 3. A4 5% 4FAH A BAny

AX3_Figure 3. Ecoregion restoration goals. From upper left to right, Preferred model forest(%),
actual selected model forest C, G, I, J, K, L, M, N and O(%) each(p 102)
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Abstract

Ecological Restoration Modeling of Forest
Landscape in North korea

Yu, Jaeshim

Interdisciplinary Program in Landscape Architecture
The Graduate School

Seoul Nation University

World forests, with agendas on biodiversity, climate change,
livelihood of residents, and water resource quality coming under the
spotlight, cover 31% of terrestrial land and 20% of degraded, has

become an “opportunity of landscape’ as a potential restoration area.

Among land area of 122,563k in North Korea, about 80% is sloping
land and 75% was covered in forests. Following the  “great
famine(konan ui haeggun; known in North Korea)” from 1994, 32% of
forest areas were degraded, caused by shifting cultivation and energy
sources. The regeneration of North Korea’ s forests has since become
a topic of worldwide concern. Sweden has launched a reforestation
project in North Korea to develop timber forests and to apply an
integrated ecological restoration. Through the World Agroforestry
Center (ICRAF), Swiss has attempted to restore the devastated forests
of Hwanghaebuk-do in North Korea, and has seen positive results.
North Korea itself has acknowledged that reforestation has an influence

on the people’ s quality of life and economic stability. They have
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undertaken restoration techniques are being applied throughout the
country, the whole DPRK into 9 ecological regions, 49 ecological areas,
and 441 ecological districts, then one is assessed according to degree of

degradation to identify targets.

The restoration of North Korea’ s forests is also a subject of
interest in South Korea. It seeks to recreate its 1970s success in
reforestation. With a focus on rapid growth species and economic
forests, South Korea is planning to carry out reforestation with erosion
control and slope stabilization. The academia has attempted to apply
AR/CDM or REDD to North Korea, using the devastated land area as
an independent variable. However, such researches have been limited

to the typical concept of tree-planting.

This study aim to develop a forest landscape reforestation modeling
at the level of ecological regions by integrating landscape ecology
methodology and ecological restoration principles. Landscape ecology
provides methods to derive necessary factors for restoration by setting
a spatial hierarchy and analyzing damaged areas. Ecological restoration
presents integrity process by targeting future goal-oriented values for
potential restoration areas. The modeling for ecological forest landscape
restoration has set reforestation goals for the following reasons. First,
restoration to the original state is no longer meaningful due to
irreversible situations such as climate change, land use change, and
change in native species. Second, ecological restoration pursues social
and economic values through stabilization in terms of ecosystem
function and structure. Third, goals will provide a basis for evaluating

the success or failure of the restoration process.
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The model for ecological restoration of forest landscape in North
Korea has been developed in three stages. First, ecological regions in
North Korea were categorized to derive ecological characteristics and
restoration factors. A principal component analysis was performed to
derive ecological characteristics for the Korean peninsula. k-mean
clustering was used to classify the Korean peninsula into 15 ecological
regions. An ANOVA test verified the explicit differences between
regions and post-hoc pair wise comparisons that do not assume equal
variance were performed to determine similarities within region. The
validity of this study was confirmed by identifying the natural
vegetation of each region and comparing results with regional
classification of existing research. Each ecological region was named to
express its uniqueness. Second, restoration factors were derived from
potential restoration areas accordance with ecological regions. Potential
restoration areas were detected through a statistical analysis of change
in forest areas from 1989 to 2008. Changes in devastated forest land
during this period were verify into local or global. Ecological factors
leading to forest degradation were assessed using binary logistic
regression analysis. A table for suitable species for each ecological
region was prepared based on dominant vegetation and species
recommended afforestation in North Korea. Third, restoration goals
were set for each region by conducting a expert survey. The experts
were provided with six alterative restoration goals and restoration
factors, and selected goals by taking into account the characteristics of

each ecological region.

Significant differences were found in principle components of
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ecosystem between North Korea and South Korea. North Korea’ s
ecosystem was characterized by high latitudes, low temperatures, and
dryness. Meanwhile, South Korea had greater rainfall and higher soil
water content. About 12% of land in North Korea showed similar
ecological characteristics to South Korea, but the remaining 88% was
vastly different. This implies that South Korea cannot its success in
forest restoration by simply planting concept in North Korea. The
ANOVA test found a p-value of 0.000, indicating significant differences
between average values of the 15 ecological regions. Post-hoc pair
wise comparisons found statistically significant similarities in annual
rainfall and soil water contents between the southern mountainous
ecosystem(ecoregion D) and Ryongseo ecosystem(ecoregion E). The
study remains valid due to the unique classification of the 15 ecological
regions. Jeju Island and the southern coast are home to evergreen
broadleaf forests(ecoregion A). Mount Jiri and Taebaek, the southern
mountainous ecosystem(ecoregion D) contain sub-alpine coniferous
forests, which include the yew(Taxus cuspidata) and the Korean
fir(Abies koreana). Sub-alpine coniferous forests were not found in the
southern plains(ecoregion F). There were differences in natural
vegetation between Ryongseo and the southern mountainous ecoregions.
Since the distribution of natural vegetation in South Korea can be
explained with validity, similar results were expected for the ecological
regions in North Korea. The results of this study were statistically more
objective compared to existing research as excluded research bias were
made to the ecological regions. The distribution of climate change,
topography, and land cover were reflected for each region, allowing

this study to serve as a useful reference for restoration planning.

From 1989 to 2008, 18,525km of land was identified as potential
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restoration areas among the degraded forests in North Korea. Even the
unchanged forest land of 73,154kn, 10% of them were regarded as
weak forests due to low productivity, and NVDI. During this period,
forest change took place throughout North Korea (Moran’s [ index =
-1). The same trends were observed in plains (ecoregion C, G, and K)
with high population density and in mountainous areas (ecoregion M, N,
and O) with low population density. In damaged forests, sparse forests
and shifting cultivation were found to have a high positive correlation
(r = 0.9D. The proportion of shifting cultivation to sparse forests was
25~30% for low sloping land (150m-600m) and 32~45% for plateau. Low
sloping land had less rainfall and drier soil, but the high population
density led forests to shifting cultivation. Despite plateau having a high
soil water content and low population density, they have seen a rapid
increase in conversion to farming land. This indicates that the appling
physical slope cannot be utilized in restoration plans for North Korea’ s
degraded forests. The 3-month rainfall in summer is one ecological
factor that causes a conversion into farm land. Rainfall in the summer
is essential to maintain rain-fed paddy fields, and this is especially true
in North Korea, which is drier compared to the South. Rain-fed paddy
fields can only survive if there is high moisture in the soil or with
proper irrigation facilities. The table for afforestation species in North
Korea includes dominant vegetation and afforestation recommended
species. There are about 100 available species for reforestation of each
ecological region. Economic valued species preferred by North Korea
are chokeberries(Aronia melanocarpa), cranberry(Vaccinium
macrocarpon), blackberries(Rubus croceacanthus), vitamin
trees(Hippophae rhamnoides), nut pines(Pinus koraiensis), and chestnut

trees(Castanea crenata). The Japanese larch(Larix Ileptolepis)  and
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metasequoia(Metasequoia glyptostroboides) are also preferred because

they grow well even on damaged soil.

Based on restoration factors of potential restoration areas,
restoration goals were set for each ecological region. Experts preferred
agroforestry in plain ecosystem(G, L, K) dominated by arable land and
with a high population density. Ecotourism and climate change
adaptation were pursued together with agroforestry. Ecotourism (26%)
and biodiversity (21%) were selected for the northern coastal dry
ecoregion C, which 1is characterized by mixed forests and mild
temperatures. Conservation and biodiversity were highly recommended
for middle east interior ecoregion I, which has high rainfall and soil
water content. Meanwhile, conservation and ecotourism  were
recommended for ecoregion M, which is transition ecosystem from
plains into forests. This region is a popular tourist destination with its
strange rocks making a spectacular landscape in North Korea.
Conservation and ecotourism were selected for the typical coniferous
forests in the ecoregion N, famous for Mount Baekdu, Gaema, and
Jangjin Plateau. Conservation and timber forests were recommended for
the Nangrim Mountainous region O, which is a sanctuary for pine trees
in North Korea. The experts were more inclined to choose agroforestry
for regions of plains. Agroforestry has merit improving ecosystem
functions in a short period and contributes to the livelihood of
residents. Biodiversity and conservation were more popular in forest
ecoregions . The two offer the advantage of functional and structural
stabilization of the ecosystem in the long term. The experts were
frequently selected with ecotourism for whole ecoregions. As well as
protecting the ecosystem, the experts were deducted interesting in

creating economic value by using restoration ecosystem.
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This study significant developing basic model for ecological
restoration of degraded forest landscape in North Korea. Furthermore,
many experts participated in the selection of restoration goals for each
ecological region. However, Some suggestions for future research is to
acquire useful GIS data, soil map, and to establish the spatial hierarchy

to landscape level and sites.

Keywords : forest landscape restoration of North Korea, ecological
region, potential restoration area, goal-oriented ecological restoration,

ecosystem linear structure-function model

Student Number : 2011-30743
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